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Summary

This document contains the reviews of literature and models and assessment of available data conducted
for the Missouri River Effects Analysis, a process which is being used to assess the effects of current and
potential management actions on piping plovers and least terns on the Missouri River main stem. As part
of ensuring the best available science is used during the effects analysis and management planning
process, we reviewed and summarized the published literature, including research studies and models,
about least terns and piping plovers. This document contains summaries of the review process and
findings, as well as appendices with tables containing details of each study we reviewed. It also includes a
description of the types of data that have been collected for further analysis and their intended use.
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1.0 Introduction

This document was prepared by Pacific Northwest National Laboratory (PNNL) as part of the Missouri
River Effects Analysis (EA) for the Missouri River Recovery Program. The EA was initiated in October
2013 by the U.S. Army Corps of Engineers (USACE) and the U.S. Fish and Wildlife Service at the
recommendation of the Missouri River Recovery Implementation Committee (MRRIC) and the MRRIC
Independent Science Advisory Panel (ISAP). The purpose of the EA is to evaluate the effectiveness of
past and current management actions implemented by the USACE to avoid jeopardy to piping plovers,
least terns, and pallid sturgeon, which are listed as threatened or endangered under the U.S. Endangered
Species Act.

The EA process, as informed by Murphy and Weiland (2011) and the ISAP, includes four steps: 1)
develop comprehensive conceptual ecological models linking the Missouri River dynamics, management,
and their drivers to the demographic processes and population dynamics of the three species; 2) compile
existing scientific literature, data, and models and the assessment of their application and use to the EA,
3) develop predictive, quantitative models of the effects of management actions on the species; and 4)
analyze and assess the effects of system operations and actions on species’ habitat and populations.
Central to the EA process is the need for identification and use of the best available science, including the
identification of information and models that are “pertinent, reliable, and significantly robust” to populate
the models used to evaluate management actions (Murphy and Weiland 2011).

The collection and analysis of information for the EA is intended to assess the uncertainty in the
knowledge of the system that affects the ability to develop conceptual and numerical models, make
predictions, and assess management hypotheses. Uncertainty in ecological systems such as the Missouri
River can be categorized into four types:

1. Environmental variability. Future climate and weather cannot be known with certainty. The greatest
source of environmental variability on the Missouri River is basin runoff and resulting system storage
and flows, which in turn are a major driver of habitat availability. Local weather, including storms
and heat waves, also affect reproduction and survival. This type of uncertainty is largely irreducible,
though advances in modeling and data sets can lead to better estimates of the likely distribution of
future conditions.

2. Structural uncertainty. Even when fundamental relationships between hydrology, habitat
availability, and population dynamics are generally understood, uncertainty remains about the details
and functional form of many relationships. Examples include: What aspects of habitat quality affect
fledgling production? What factors best predict reproductive success on reservoirs? How do
metapopulation dynamics affect the Missouri River population? Structural uncertainty can be reduced
through research, monitoring, and improvements to models.

3. Parametric uncertainty. Once the structure of relationships is known, uncertainty remains about the
strength of the relationships. For example, what is the survival rate for birds during their first winter?
How strongly does population density affect chick survival? As with structural uncertainty, these
uncertainties can be reduced through research and monitoring and incorporated into models.
However, relationships and degrees of uncertainty may vary over time and location such that they are
unlikely to ever be perfectly known.

4. Observation uncertainty: Population and productivity surveys are not 100% accurate. The degree of
error and direction of bias can vary by habitat type and conditions and level of effort, and thus may
differ across both space and time. The design and level of effort in a monitoring program can reduce
observation error and, in some designs, estimate the error in the survey, which allows for more
accurate use of the resulting information.



This document was developed as part of Step 2 of the EA process described above, concurrent with the

development of the conceptual ecological models for piping plovers and least terns. It focuses primarily
on data that address structural and parametric uncertainty. It consists of reviews and summaries, in table
form, of the published literature about the two species, including research and modeling studies. It also

includes a description of the data sets that are included for analysis and their intended use.

The materials included in this document were developed between October 2013 and September 2014. A
draft report was shared with MRRIC and the ISAP for their review on March 19, 2014. Further
information about how this material was used in the EA process was included in the draft integrated
interim report, shared for review in October 2014.

2.0 Literature Review

The basis of our literature review was a collection of journal articles, reports, dissertations, and book
sections that we have been compiling over the past 5 years. The collection is continually updated as new
literature is published. Most of the journal articles were published between either 2000 and 2009 (n = 41
and 21 for plovers and terns, respectively) or between 2010 and 2014 (n = 38 and 14 for plovers and
terns, respectively; Figure 1). The collection includes 107 articles about piping plovers and 63 about least
terns. We continue to conduct additional searches for publications, follow references in reviewed papers,
and compare our citations with other bibliographies to ensure that we have thorough coverage of the
available literature.

All of the literature in our library addressing piping plovers and least terns has been summarized in table
format followed by the literature cited for each table (Appendix A and B). Tables were created to cover
major categories based on the topics of each study: reproductive success, nest-site selection, nest density,
habitat quantity and quality, prey, predation, stage survival, site fidelity, immigration and emigration,
overwintering habitat, population trends, genetics, and detection probabilities. A journal article may be
cited in one or more tables depending on the results presented. Tables include a short citation including
the year of publication, the study location (e.g., Missouri River, Great Lakes, Platte River), sample size of
the study, years it was conducted, and study design. The plover literature includes 38 studies conducted
on populations in the Missouri River and associated lakes (Figure 2) and 49 studies conducted on the east
coast of the United States, Canada, and the Great Lakes. A large part of the tern literature consists of
studies conducted on populations in the Mississippi River and on the California coast, with 12
publications including terns on the Missouri River. The tables also include results for each major topic
presented in the article including tables and figures. For example, reproductive success was the most
common topic for which results were presented for both species in our collection (Figure 3). For each
table, the results are presented in columns associated with subtopics specific to that category (e.g., the
reproductive success category has columns for information about nest initiation, nest success, nest fates,
and the number of fledglings/nest).

The model parameter tables (Appendix C) were developed to allow for easy access to published estimates
of piping plover and least tern performance (reproduction, survival, and movement over the landscape) in
response to changes in habitat, supporting resources, and inter- and intra-species interactions. The tables
were populated with the specific parameter estimates or calculated estimates based on the results
presented in the tables or figures of reviewed literature. The current parameter set for both species
includes annual survival by stage (juvenile and adult plovers, juvenile, young adult, and older adult terns);
the linear slope and intercept of the number of fledglings/pair as a function of density; variability in the
regression relationship of the number of fledglings/pair as a function of density; the probability of



detection of fledglings and adults; inter- and intra-reach dispersal by life stage; and nest fate (success,
predation).

For each reviewed publication that presents parameter estimates or data that can be used to estimate
parameters, a decision was made about whether or not the findings would be appropriate to use in the
numerical population models. Both the short citation and the reason that the literature was not used are
presented at the bottom of each parameter table (Appendix C). The reasons why journal articles that
reported data or parameter estimates for survival or reproductive responses were not included were not
related to data quality issues (Figure 5). Rather, studies were not used because the research was conducted
more than 20 years ago or at a location far from the Missouri River. Research results may have been site-
specific or they may have addressed specific effects such as cage or banding effects on mortality. We also
did not include articles in the parameter tables that cite parameter values from other studies rather than
present new data. Finally, studies that addressed a time-series response for which the data are only
presented as a figure and are not readily extracted for parameter estimation were also not included.
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Reproduction but Were Not Used for the Listed Reason in the Effects Model

3.0 Model Review

We collected and reviewed published models for piping plovers and least terns for three primary
purposes: to compile information about approaches and techniques used for modeling these species, to
compile data sources used in the models, and to identify additional evidence relevant to the species and
management hypotheses developed in the EA. This review will inform numerical model development and
help ensure the best available science is incorporated into the analysis and findings. While this does not
serve as a comprehensive review of population modeling techniques, the reviewed models include a range
of approaches to population viability analysis (PVA), which is recommended as a central component of
an EA (Murphy and Weiland 2011).

We included in our review the journal article resulting from the modeling done for the Missouri River
Recovery Program’s Emergent Sandbar Habitat Adaptive Management (ESH AM) sub-program (Buenau
et al. 2014). The model as published was a slightly simplified version of the full model used for ESH AM;
the full technical description and application of this model can be found in the ESH Annual Adaptive
Management Report (USACE 2013).

3.1 Plover Population Models

We reviewed 12 published model-based studies of piping plover population dynamics (Appendix D). All
but two studies included piping plovers nesting on the Missouri River; the other two modeled populations
on the Great Lakes (Wemmer et al. 2001) and in Eastern Canada (Calvert et al. 2006).

The majority of the reviewed modeling studies were based upon Ryan et al. (1993), a traditional PVA
including fledgling production and juvenile and adult survival. Exceptions were the model for Great
Lakes plovers, which included a more detailed set of mechanisms describing pairing and site selection
(Wemmer et al. 2001); Calvert et al. (2006), which is structured as a standard matrix projection model
with three life stages; and Buenau et al. (2014), which is also a PVA but designed differently than Ryan et



al.’s (1993). Plissner and Haig (2000) focused specifically on metapopulation dynamics including both
Great Plains and Atlantic Coast plovers.

Some of the reviewed models implicitly included habitat quality at different locations by varying
reproductive parameters by site (Wemmer et al. 2001; Calvert et al. 2006) or by habitat type,
distinguishing between river and alkaline wetland habitats (Larson et al. 2002, 2003) and between
Missouri River, other Great Plains rivers, and alkaline wetland habitats (McGowan and Ryan 2009;
McGowan et al. 2011b; McGowan 2013; McGowan et al. 2014). Two models accounted for habitat area:
Wemmer et al. (2001) included the number of nesting sites, allowing for acquisition of new habitat or
exclusion of privately owned land; and Buenau et al. (2014) modeled the dynamics of sandbar habitat per
river segment, with area affected reproductive rates through a density-dependence relationship. None of
the models was spatially explicit, although Wemmer et al. (2001) included distance between sites as being
relevant to dispersal and site selection.

Seven of the studies included some form of management action: protection, restoration and acquisition of
shoreline habitat (Wemmer et al. 2001); predation management using nest cages and temporary or
permanent fences (Larson et al. 2002, 2003); management of incidental take (McGowan and Ryan 2009;
McGowan et al. 2011b; McGowan 2013); and sandbar habitat creation (Buenau et al. 2014). Results from
these studies can be used as lines of evidence for evaluating the effects of management actions that are the
same as or similar to the ones modeled.

Several models included features potentially useful for evaluating the effects of management actions and
for AM. Models that break down the reproductive process into multiple steps (Wemmer et al. 2001;
McGowan and Ryan 2009; McGowan 2013) facilitate the modeling of management actions affecting
specific life stages (e.g., reductions in incidental take of eggs) if sufficient data are available to
parameterize those functions. McGowan et al. (2011b) examined whether density dependence in juvenile
overwinter survival could compensate for loss of eggs through incidental take and found low support for
that hypothesis; they also suggested density dependence was more likely to occur during breeding than
during overwinter survival. Buenau et al. (2014) explicitly included density dependence in fledgling
production to determine the effects of river stage and habitat availability on population dynamics.
Wemmer et al. (2001) included density dependence indirectly by including a finite number of nesting
sites.

McGowan et al. (2011a) used a plover PVA to illustrate the importance of incorporating parametric
uncertainty and a hierarchical process for doing so. Calvert et al. (2006) and Buenau et al. (2014) also
included stochasticity in parameter estimates. Calvert et al. (2006) discussed the role of transient
dynamics in modeled populations that have not yet reached a stable age structure. Those transient
dynamics can affect population responses to disturbance or management and make interpretation of the
responses more challenging.

Two papers used PVA models to demonstrate tools that can inform management decisions. One tool,
linear programming modeling, optimizes management by determining which actions maximize
population outcomes while also minimizing costs (Larson et al. 2003). McGowan (2013) used his
previously published plover PVA to illustrate the PrOACT structured decision-making process applied to
managing incidental take, first with a single objective of plover population growth, then with a competing
objective of pallid sturgeon population responses. McGowan et al. (2014) used a metapopulation PVA to
demonstrate a process for using population projection models to determine recovery targets.



3.2 Tern Population Models

There are considerably fewer published studies involving population models of least terns than of piping
plovers; we identified four for review (Appendix E). Akcakaya et al. (2003) published a metapopulation
study of California least terns using stochastic age-structured models for 17 populations. The model
included local catastrophes (reproductive failure for a subpopulation in that year) due to predation.
Predator control was implemented in the model by reducing the probability of local catastrophe to zero.
Differences between the Interior and California least tern habitats and management scenarios limit the
applicability of this model as a line of evidence for the EA.

Two studies (Lott et al. 2012a, 2012b; Kanapaux and Kiker 2013) developed agent-based, pattern-
oriented models of least terns. These studies modeled site selection and nesting behavior and productivity
for terns on an individual basis and linked their behavior to specific spatial locations. Kanapaux and Kiker
(2013) used their model to examine the impact of human activity on terns nesting on a South Carolina
beach and to test the effects of several human access restriction actions on tern productivity. Such a model
is not a full population viability model because it only models reproductive success during a season, not
changes in population size over a longer time frame. The TernCOLONY model uses a similar individual-
based approach to examine the role of flooding of sandbar habitat in tern abundance and reproductive
success, and also operates on the temporal scale of a breeding season with daily time steps. The
TernCOLONY model, described by Lott et al. (2012b), was tested on the Arkansas River.

The approach used by Buenau et al. (2014) is analogous to that described above for plovers: it is a
stochastic, stage-based PV A that models population responses to changes in sandbar habitat availability
on the Missouri River, including habitat created by construction or through high flows. The primary
differences between the plover and tern model are the stage structure of the population and the very weak
density dependence observed in terns at the sandbar scale compared to plovers.

A metapopulation model for Interior least terns is currently under development, but details of that model
were not available for this review.

4.0 Data Review

We have assessed data acquisition and analysis needs for the EA by evaluating potential data sources
from literature and scrutinizing existing data. Data mined from, and referenced in, literature have been
used to diagnose observed bias and potential error associated with existing USACE Tern and Plover
Monitoring Program (TPMP) data. The error structure in the data from the TPMP is unknown and varies
with space and time, according to a U.S. Geological Survey (USGS) study and analysis of the program
(Shaffer et al. 2013). Use of these data in our analysis warrants careful consideration of how to use them
to limit error propagation and to understand the implications of variable observation error on results. The
following sections describe our approach to retaining valuable information derived from the data that
have been collected throughout the TPMP and integrating newly available data into our analysis.

4.1 USACE-Owned/Managed Data

Population data from the USACE’s TPMP are available beginning in 1993. This data set includes nest
numbers and fates; incidental take of nests, eggs, and chicks; fledgling numbers; and adult numbers, all
linked to specific sandbars and summarized by reach.



The USACE has provided PNNL with ESH classifications and land-cover data, nest location data sets,
and other ancillary physical habitat data for years 2006—2014. We are using the remotely sensed land-
cover data, classified by the USGS-Northern Prairie Wildlife Research Center (NPWRC), together with
population data to estimate the relationship between habitat area, population density of nesting birds, and
fledgling production. We are also using spatial data to assess the quality of habitat with respect to the
composition and connectivity of bars and islands, sandbar persistence, and distance to common predator
habitat (large tree stands). Evaluating bars and islands in terms of quality will allow us to relate what is
known about individual species’ predation risks and needs (e.g., plover foraging habitat) to potential
habitat area that is not solely confined to previously classified ESH. Because the USACE has also
provided nest location data, we will be able to determine nest concentration and species selectivity as they
relate to habitat quality. Measures of the variability of previous ESH classifications and other remotely
sensed data are also being accounted for using data derived from areas where imagery collection overlaps.

Supplementary analysis of physical habitat variables to determine the characteristics and abundance of
sandbar habitat is ongoing. Data used to determine channel width and braiding index were provided by
the USACE and USGS and are being used in combination with publicly available National Hydrography
Dataset data and other modern channel delineations. Pertinent physical variables can potentially become
indicators of species-specific nest selectivity.

4.2 Datafrom USACE-Funded Research

Researchers from the NPWRC, Virginia Polytechnic Institute, and State University (Virginia Tech) have
conducted a range of USACE-funded research on both plovers and terns on the Missouri River. We have
requested data corresponding to years 2006—2009 that were collected by Virginia Tech and the NPWRC
(Catlin and Fraser 2006, 2007; Catlin 2009; Felio et al. 2009, 2010). These data will aid in creating an
estimated ranking of habitat type preferences for nest location and the associated nest fate and
reproductive output. Other habitat classification and change data provided will potentially be used to
calculate erosion and vegetation rates and evaluate post-2011 sandbar change.

We have also received updated demographic information, including information about survival,
reproduction, and dispersal, from the researchers. We have also discussed with NPWRC the availability
of additional geomorphic information including updated erosion and vegetation rates.

4.3 Other Data

Banding and encounter data for least tern and piping plover species were received on November 22, 2013,
from Matthew Rogosky at the Patuxent Wildlife Research Center in Laurel, Maryland. Data were
obtained for years ranging from 1923 to 2013 with some missing years prior to 1950. The banding and
encounter data were acquired to potentially evaluate dispersal if more information is needed than can be
found in published studies and estimates provided by researchers.
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Appendix A

Literature Review Table for Plovers

Tabulated results from the literature review for plovers are presented by the following categories:

Reproductive Success
Invertebrate Prey

Nest Site Selection

Nest Density

Habitat Quality and Quantity
Predation

Stage Survival

Site Fidelity, Immigration, and Emigration
Overwintering Habitat
Population Trends through Time
Genetics

Detection Probabilities.

For convenience, the images inserted in the category tables have been placed in an accompanying
appendix (Appendix F) so that they may be viewed in full size.

References are listed as “not used” or by the category in which they appeared in the table.

Al






Tables

Information within the light orange cells was used in the parameter table.

heproductive Success

Reference

Location

Nest Initiation

Nest Success

Nest Fate

#fledge/nest or min # adult
pairs (1.1 for stable pop)

Sample Size

Years

Design

Strata

Anteau et al. 2012a

Lake Sakakawea

Late April to Late June

Apparent (+SE) was 24 (+6), 28 (t4), 24
(+5), and 3 (+2) % in 2006—2009

42-91 % of nest sites were inundated prior to
hatch. Our data indicated that 54 nests failed
with evidence of destroyed eggs in the bowl, 23
of these nests (42.6 %) had yolk coagulated in
the bottom of the nest bowl.

0.46, 0.30, and 0.04 for
2007, 2008, and 2009

544 2-km segments
52,101,83,110 nests

2006-2009 Apr-Jul

Stratafied-Random Search
every 3.4 days Status every
3 days

Low, Medium and High Nest
Abundance

Anteau et al. 2014b

Lake Sakakawea

Hatchlings per segment averaged 6.7
(range 1 to 28; CV [SD/mean]=0.85). Nest
survival did not vary by landform.

Predation rates of chicks may be higher on
islands because gulls nest at and frequent
islands at SAK.

Number of chicks fledged
per segment averaged 2.1
(range 0to 9; CV=1.14). We
documented that fledging
rate for plovers was lower
on islands than on the
mainland. Our results
indicated that fledging rates
were lower at areas that
were more exposed to wind
and waves than at areas that
were more protected.

506 mainland
segments (2 km
length) and 38 island
segments. The nest
density classification
resulted in 403 low-,
88 medium-, and 53
high-use segments.

We searched study
segments for nests
every 2 to 3 days
throughout the nesting
season in 2007 and
2008.

Stratafied-Random sample of mainland and island segments.
Classified segments based on counts of plover nests: as low (<2
nests), medium (2-9 nests), or high (>9 nests). However, we
restricted our analyses to those segments where at least one egg
hatched (ntotal=26, n2007=14, n2008=12; nunique=15); these
segments were split relatively evenly among island (42%) and

mainland (58%) landforms.

Aron 2005

Upper Missouri River

74.1%; 45.9%; 34.0%; and 55.3%

295 (10%) lost to Predation 66 (2%) abandoned
440 (15%) unknown

1.66; 0.84; 0.88; and 1.23

2914 nests; 10192
eggs

1986-2004

USCOE Monitoring
Program

Lake Oahe; Fort Randall River;
Lewis and Clark Res.; and Gavins
Point River

Barber et al. 2010

Northeast Canada

102/301 = 33.9% nonexclosed 118/183 =
64.5% excosed

The mean number + SE of fledglings from successful nests, where at least one
egg hatched, was not significantly different between exclosed and nonexclosed
nests (2.5 + 0.14 vs 2.8 + 0.13, respectively; Mann-Whitney, n1 = 114, n2 = 88, P
=0.10). However, when including failed nests, there were significantly more 20-
day old chicks, i.e., fledglings, that hatched from exclosed than nonexclosed
nests (2.0 + 0.14 vs 1.4 + 0.13, respectively; Mann-Whitney, n1 = 141, n2 = 178,

N = 484 nests (183
had exclosures)

Data were collected over 22 years (1984-2006 except
for 1993; exclosures were used starting in 1988; from
11 sites within Prince Edward Island National Pak.

Enclosures and no enclosures

Il

’ml\”rﬂlﬁﬂﬂnl

specific characteristics

P = 0.0009).
Catlin 2009 Upper Missouri River N s . el o 599 nests 2005-2007 Sites were selected for Natural, created, and managed
E- - - specific characteristics sand bars
I ans
I. - I I I '! - 21
Page 38 of 106 - . o = 30% lost to
predation +unknown, see Table 2 page 38 of
106
Catlin et al. 2011b Upper Missouri River Observed nest success rates ranged from 599 nests 2005-2007 Sites were selected for Natural, created, and managed
22 to 73% among habitat types and years. specific characteristics sand bars
Cohen et al. 2009 East coast US Variable see tables 1993-2004 Sites were selected for Reference and created

Doherty and Heath 2011

East coast US

Mean plover clutch size was 3.6 0.08 (n =
107) and hatching success was 0.60 0.02.

Overall productivity for the
population was 0.99 chicks
fledged per pair.

In 2006 and 2007, 81
plover pairs made 107
nesting attempts on
SCP study sites. In
total, plovers laid 387
eggs, hatched 234
eggs, and fledged 80
plover chicks.

April-July 2006-2007

Sites were selected for
specific characteristics

Enclosures and no enclosures

A3




#fledge/nest or min # adult

Reference Location Nest Initiation Nest Fate pairs (1.1 for stable pop) Sample Size Years Design Strata
Donlan et al. 2003 East coast US e S ot 1992-1996 Sites were selected for Oil impact and reference beaches
. specific characteristics
10
16
10
Espie et al. 1996 Great plains Canada I:;:';f;fmk means and standard deviations of habitat variables for successful, flooded, and In 1992, we found 30 nests on three different beaches and in 1993 we located 39 nests on four beaches. In total, data
8.
F (AKOVAY from 67 nest sites and 116 random sites were collected; however, slide photographs were only available for 52 nest and
Variable Successful nests Flooded nests Deprodated nests 1 2 111 random sites.
Near water GB.23 +40.10 (300 43.92+26.45 (24) $1.00+£20.53 (13)  6.06% 0.53
Main water 131 BL62£66.13 (13)  B.66°* 330
Vegetation 120 3.83 8{13) 006 505
Pebbles 1025.67 £354. 46,89 £21.74 (11)  2.53* 025
Stomes 37.05426.27 (21) 47,03 £18.89 20y 31.834£21.74 (11} 1.54 032
Note: Numbers in parentbeses are sample sizes.
1, sccessful va. Mooded nests; 2, successful va, deprodated ness, *, p < 0.05, **, p < 0.01; others p > 0.05,
Espie et al. 1998 Great plains Canada Table 1 May-July 1992-1993 Five study sites were chosen on beaches of the lake where
Nest chronology, reproductive success, nest loss and nest elevations for piping plovers at Lake Dicfenbaker, Saskatchewan, 1992-1993 . . )
concentrations of nesting plovers were found during the 1991
1992 1993 i i
Mean S . Mean IS . . o International Census and previous census work.
Nest initiation site 12 May 214 23 9 May 1.05 9 0.81 0.42
Hatch date 15 June 214 23 10 June 1.05 9 1.38 0.18
Fledge date 7 July 1.29 19 3 July 1.99 2 1.09 0.29
Eggs laid/pair i9 0.05 30 40 0.00 n 1.64 0.10
Chicks hatched/ pair 28 0.31 a0 0.8 0.26 k] 482 <0001
Fledglings/ pair 20 0.27 30 0.1 0.08 k2 7.54 <0.001
% of nests lost to predators 20.0 ki 179 0
% of nests lost to flooding 33 30 59.0 39
Nest elevation (m) 554.67 0.21 28 555.10 0.07 W

Felio et al. 2010 Upper Missouri River Of the 294 plover nests found in the area, Tiabla 3. Pypimg plover nest success for the 2003 broeding 2009 This is an annual report, Natural, created, and managed
149 (49.7%) are known to have hatched at — okl T results are preliminary. sand bars
least one chick and 9 (3%) are likely to have Koo Bk 18 Abadsement 13 Sites were selected for
hatched at least one chick, therefore 158 Frobable Bk 9 'f;“:“ # specific characteristics
(52.6%) nests are considered successful in Flood 3
2009. \:.Tum
G

Tetal 128 142

We counted 140 piping plovers at Chain-of- | Predation accounted for 296 of the 318 egg In 1984, chicks fledged in 21- | 150 nests, 137 1984-1985 Transects were established | None

Gaines and Ryan 1988

North Dakota

Eggs were not laid until 19 May 1984
and 6 May 1985. Mean clutch size was
3.5+0.1 (SE) eggs in 1984 and 3.7 £ 0.1
eggs in 1985.

Lakes in 1984 and documented breeding
by-46 pairs. In 1985 we counted 200 adults
and found nesting by 91 pairs.

Tatée 7. Pigng pover breecing populaton B0 FGROduCtve
suceess bl Chaw-of Likes, Nort Dikots, 1984-85.

[C =)
a8 [
53 Ll
3 33
4 42
5
o ] %
A bsrerding pals 148 [
1 ki g Ve b st {1y 1981, e 1675

failures for both years. Twenty eggs were
abandoned or infertile and 2 were lost as a
result of human disturbance. In 1984, nest
success on disturbed (32%) and undisturbed
territories (40%) did not differ (P = 0. 7).

28 days. In 1985, weather
during the pre-fledging
period was colder and may
have limited chick growth
rates. In 1985, few chicks
fledged in <26 days. In both
years, 0.48 chicks
fledged/adult.

breeding pairs

every 50 m along all
available beaches.

Goldin and Regosin 1998

East coast US

The difference in fledging success by habitat
can be attributed to differences in chick
survivorship with 33 of 41 (80.5%) chicks with
access to mudflat habitat surviving to fledging,
compared to only 10 of 28 (35.7%) chicks
limited to beach habitat

Mean fledging success was
3.0(SD=1.6,n=-5)and 3.0
(SD = 1.3, n = 6) for broods
with access to mudflats and
1.3(SD=1.0,n=4)and 1.7
(SD = 1.5, n = 3) for broods
without access to mudflats

Eight and nine pairs of
Piping Plovers nested
in 1993 and 1994.

April-Aug 1993-1994

Sites were selected for
specific characteristics

With and without Mudflat access

Greenwald 2009

East coast US

All first nest attempts hatched by June 9 (n
=30). The apparent hatching success for all
nests combined was 69.1% (94 hatched/
136 eggs laid).

The presence of predator exclosures at most
sites likely contributed to this high hatching
success rate; the relationship between
exclosure presence and hatching success was
positive but weak (r =0.201; p = 0.287).

Of the eggs that hatched,
38.3% fledged (36/94), for a
fledging success rate of
26.5% (36/136).

34 nests

April-June 2003

Sites were selected for
specific characteristics

None

Ivan and Murphy 2005

North Dakota

Nest success was 0.32 (95% CL: 0.26, 0.39)
for unprotected nests and 0.66 (95% CL.:
0.52, 0.82) for nests protected by electric
fence. Thus, nest success increased by
106% for nests where mammalian
predators were excluded. When avian
predators were excluded from plover eggs
in addition to mammals, mean nest success
(x-=0.73, 95% CL: 0.70, 0.77) was 128%
higher than that of unprotected nests.

Nest abandonment by plovers on alkali lakes
was infrequent (1%; Murphy et al. 2000).
Roughly 83% (106/128) of nest predation at
prairie alkali lakes in North Dakota and
Montana can be attributed to mammals and
the remainder (17%) to birds.

= Fledging
rate (number of 18-day-old
chicks produced per
breeding pair) and 95% Cl.

310 nests
unprotected, 65 nests
protected by electric
fence, and 913 nest
with cage

May-June 1994-2002

Plover nests and chicks
were unprotected during
1994-1997. Beginning in
1998, predator exclosure
“cages” were applied to
most plover nests to
protect eggs from both
mammalian and avian
predators.

Enclosures and no enclosures

Johnson et al. 1997

Great Plains and Great
Lakes

Egg laying begins the -second or third
week of May, although Schwalbach
(1988) reported median initiation dates
for South Dakota piping plover nests of

Nest success commonly ranges from 29-51 % (Gaines and Ryan 1988, Dirks 1990, Kruse 1993).

Adults may renest up to four times if nests are destroyed (USFWS 1987) Typically, more than
50% of nest losses are attributable to predation (Dirks 1990, Kruse 1993) or flooding (Lingle

1993a, b)

Life history, citing others
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#fledge/nest or min # adult

Reference Location Nest Initiation Nest Success Nest Fate pairs (1.1 for stable pop) Sample Size Years Design Strata
20 June in response to high Missouri
River water levels.
Knetter et al. 2002 North Dakota 922 nests 1994-2000 Subjective selection to Evaluated landscape and breeding

represent extremes in
success characteristics

lake scales on two regions

Kruse et al. 2001

Upper Missouri River

TasLE |. Productivity summary for Piping Plovers and
Least Terns nesting on the Gavins Point and Fort Randall
river reaches of the Missouri River, South Dakota, 1991

and 1992

Piping Plover Least Tern
Total Nests 238 354 -
Total Destroyed 128 (53.8%) 179 (50.6%)
Predation 61 (25.6%) 80 (22.6%)
Chicks Hatched 368 330
Chicks Fledged 57 (15.5%) 81 (24.5%)

Apparent nesting success of caged nests (n=86,
62%) was higher (P < 0.001) than for control nests
(n=122, 34%). Of 33 caged nests that were unsue-
cessful, 6 (18%) were inundated, 16 (48%) were lost
to predation, 2 (6%) were abandoned for unknown
reasons, and 9 (27%) were lost due to human distur-
bance, dbar erosion, her, or unk causes.

excluded from analysis. Apparent nest success was 46.2%, fledge rate was 0.33.

18 plover nests with unknown fate were

May-August 1991 and
1992

Nest were visited every 5-7

days

None

Larson et al. 2002

North Dakota
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2 to 13 years spanning
1989 to 1999

Modeled population
growth and fledgling
production based on
extensive sets of
unpublished data for
piping plovers breeding at

alkaline wetlands in 3 areas

near the center of their
range in the Great Plains.

We calculated separate mean
fledging rates for piping plovers
under the following 5 levels of
predator-exclusion management:
no protection (hereafter, baseline),
nest cages, permanent electric
fencing, cages plus permanent
fencing, and cages plus temporary
electric fencing.

Maslo and Lockwood 2009

East coast US

We conducted a nest survival analysis for 10 years (1998-2007) of piping plover monitoring
data to determine: 1) the effectiveness of predator exclosures and electrified predator
exclosures, and 2) conditions associated with nest abandonments at electrified exclosures.
We obtained piping plover nest monitoring data from the New Jersey Division of Fish and
Wildlife Endangered and Nongame Species Program. For failed nests, ENSP staff listed a
presumed cause of failure (flooded, predated, abandoned).

Maxson and Haws 2000

Minnesota

PLLLLELEE

88 nests

1988-2000

All observed nests

None

McGowan et al. 2007

Missouri River

Table 1. Habitat characteristics within one square meter of four Piping Plover (Charadrius melodus) nests found on
an island in the Missouri River between South Dakota and Nebraska, spring 2006.

No. Distance to
Cottonwood No. Willow Vegetation % Vegetative  un-vegetated
Nest saplings saplings height (m) ground cover  habitat (m) Nest fate
1 5 1 0.3-0.9 1-5 32.6 Failed Unknown
2 5 1 0.2-1.0 1-5 19.1 Hatched
3 9 2 0.2-1.5 1-5 68.6 Depredated Raccoon
1 1 3 0.3-1.8 1-5 13.3 Abandoned

2006

All observed nests

None
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Reference

Location

Nest Initiation

Nest Success

Nest Fate

#fledge/nest or min # adult
pairs (1.1 for stable pop) Sample Size

Years

Design

Strata

Murphy et al. 2003a

North Dakota

In 20 replicated trials, fledgling production rates were:
no protection, 0.72 chicks/pair (95% Cl: 0.29- 1.15, N =
43 pairs); cage only, 1.73 (1.30-2.16, N = 46); fence
plus cage, 2.06 (1.63-2.49, N = 50). A replicate
consisted of three matched beaches that occurred
within one km of each other (not necessarily on the
same lake); we assumed all three were subject to
similar predator and environmental influences. To
maintain independence among treatments, matched
beaches within a replicate were selected so that they
were separated from each other by vegetation or
open water.

1996-1997

Selected sites, treatment
allocation of matched sites
was determined randomly.

We compared success of nesting
plover pairs provided with: (1) no
protection, (2) cages that protected
eggs in individual nests from both
mammalian and avian predators,
and (3) a combination of cages plus
a temporary electric fence that
excluded mammalian predators
from the entire nesting beach
where chicks were being reared.

Patterson et al. 1991

Atlantic coast
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We found 125 nests
during 1986 and 1987

1986-1987

Selected sites

Substrate and human access

Rimmer and Deblinger 1990

East coast US

92% ( 24/26) of treated nests successfully
hatched one or more eggs. During the same
period, only 25% (6/24) of untreated nests

hatched. -

Most losses (94%, 17/18) were the result of
predation.

26 nests with
exclosures and 24
nest without
exclosures,
nonrandom
application of
treatment

1986 (no treatment),
1987 only second nest
attempts were treated,
and in 1988-1989
treated all known nests.

Selected site

With and without exclosures, note,
years are confounded with
treatment.

Roche et al. 2010a

Great Lakes

Approximately 16% of monitored clutches laid
by Great Lakes Piping Plovers from 1993 to
2007 were lost before hatching. Our results
reveal that most early-season nest
abandonment in Piping Plovers was
attributable to the death of attendant adults.

Roche et al. 2008

Great Lakes

Banding data from 1993 to
2008 and 13 nesting sites
in 2008

All nests are protected by predator
exclosures

Banding data from 1993 to
2008

Captive-reared and wild reared
chicks

Roche et al. 2012

Great plains Canada

Banding data from 2002-2009

3 breeding areas, flood and non-
flood years

Saunders et al. 2012 Great Lakes »{ The mean number of young n =320 unique pairs 1993-2009 Known nest locations 100% of nests were exclosed from
- fledged per brood was 2.0 + comprised of 181 2004- 2009
I B 1.42 offspring (variance = females and 183
| 2.02). Female location males
+4 familiarity was the most
| important predictor of
ol fledging success, even
it though site fidelity in Piping
% Plovers is male-biased (Haig
'z and Oring 1988b).
Tables 9 — 21 (pages 130 -134) Minimum Gavins Point, Garrison | 2006-2008 Stratified Random with USCOE % of population over time

Shaffer et al. 2013

Upper Missouri River

L . 1_1‘;:11_1“_;

Reach, and Lake
Sakakawea

Habitat searched every 2-3
days from mid-April- early
Aug
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#fledge/nest or min # adult

Reference Location Nest Initiation Nest Success Nest Fate pairs (1.1 for stable pop) Sample Size Years Design Strata
Sherfy et al. 2008 Missouri River . e o et Gt Rrnch g 8 i Garrison Reach and 2007 Stratified sample High or low use based on USACE data
- - Lake Sakakawea
L Eal i —— = a .
! i - L = 2 z
12
i Il
Sherfy et al. 2009a Missouri River s oo T Gt POt Baaths KOVED o Lo e coar Lhve [y et Gavins Point and 2008 Stratified sample High or low use based on USACE data
. o — Lewis and Clark Lake
I T T N A —
il — o Moo 4 ® = ° » "
| s & " 5 2
w EEa ] = » : 1] C]
- s oow b = " u ° ] =
Sherfy et al. 2009b Missouri River Table 7{- Wﬁ and fates of least tem and piping plover nests on the Gavins Point Gavins Point and Lake | 2009 Stratified sample High or low use based on USACE data
. - T Sakakawea
g 1 Total Nests Sucsessts Frovace Frosane Faiue Ui
| . B Leagt Tem 126 1 & 1 t] 5
! I I'. J Piping Pover 5 7 % 0 - L]
0 . O Tota b =) %3 z 1 m 1
i
i
Tremblay et al. 1994 Northeast Canada Kouchibouguac National Park, New Brunswick. 1982-1992 All known nest sites Assess ness exclosures

Territorial  Number Hatching  Fledging

Year pairs ofnests  rate” rate’

1942 16 16 27 .

1983 21 21 28 214

1984 11 4 - -

1985 12 3 - -

1986 15 12 - -

1987 15 15 1.2 0.93

1988 13 9 26 22

1989 [ 16 6 1

1990 15 15 34 1.9

1991 17 16 1.7 1.2

1992 15 13 3. 23 Hatching rate for enclosed nests 1.1

19881992 152 138 25 1.94 Mean hatching rate for all nests 25!

0 (1988-1992)

* Hatching success and fledging rates have been estimated only since 1988, the start of the official
monitoring program; ® n=11;° n=20;%n = 12,

Wemmer et al. 2001

Great Lakes

The model was more sensitive to changes in repro-
ductive success than to dispersal. Population persistence
was more strongly affected by variation in site specific
reproduction probabilities than by changes in number of
available breeding territories or sites. When site repro-

14 years (1984-1997) of
monitoring data and 6
years (1993-1998) of
banding data

Habitat based population
model

None

Wiens and Cuthbert 1988 Minnesota TABLE 3 1982-1984 All known nest sites Distance between successive year
ReLATIONSHIP BETWEEN MATE RETENTION AND PREVIOUS REPRODUCTIVE SUCCESS IN .
LAKE OF THE W PLrinG PLOVERS nest sites and mate changes
. Fate of pairs in subsequent seaion
Reprodactive sucoesy in —

oniginal season Number of pairs Heunite Separate Discontinee  Switus unknown

Succeeded 27 5 3 12 7

Failed 9 0 3 4 2

Reproductive success is defined here as producing at least one chick to at least 10 days old.

McGowan et al. 2014 Great Plains

Shaffer et al. (2013) reported

that birds produced 0.32 (SE =

0.27) female fledglings per
breeding female in the
northern rivers region during
a three year study.

Models the probability of
extinction

Dirks 1990

Missouri River

Nest initiation dates for piping plovers
ranged from May 1 to July 12 with 90%
of the nests initiated between May 8

Piping plover hatching success increased from 29% in 1988 to 37% in 1989.

Of 62 least terns and 66 piping plovers that fledged
below Gavins Point Dam in 1988, over 20% did so the
last week of August. In 1989 no major flooding events

Surveys were conducted in 1988 and 1989 to determine the distribution and reproductive
success of least terns and piping plovers on the Missouri and Cheyenne rivers in South Dakota.
All suitable habitat was surveyed, with research concentrated on two important areas: 1) the
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Reference

Location Nest Initiation

Nest Fate

#fledge/nest or min # adult
pairs (1.1 for stable pop) Sample Size

Years Design Strata

Nest Success

aliong the Missarl Kiver in

and June 30 in 1988 and from May 3 to
July 6 with 90% of the nests initiated
between May 12 and June 26 in 1989.
Piping plovers averaged 1.4 nest
initiations per pair in 1988 and 1.7
initiations per pair in 1989.

occurred below Gavins Point Dam and 100% of 13
piping plover chicks that fledged, did so by August 15.
Fewer piping plovers fledged in 1989 (18) than in 1988
(65) or 1987 {101) but more than in 1986 (5)
{Schwalbach 1988). Although piping plover hatching
success increased in 1989, the number of chicks fledged
per nesting pair decreased from 0.55 in 1988 to 0.26 in
1989.

Missouri River from Fort Randall Dam to Springfield, SD, and 2) the Missouri River from Gavins
Point Dam to Ponca State Park, NE.

All colony sites were revisited every 7 to 10 days to determine nest fates and to search for
new nests. Colony sites with successful nests were monitored to determine chick survival and
fledging success.

Casey JK (1996) Assessment of the North Cape oil spill impacts to the 1996 piping plover breeding season at Trustom Pond NWR. US Fish and Wildlife Service Report, Ninigret National Wildlife Refuge, Charlestown, RI

Elliott-Smith, E., and S. M. Haig. 2004. Piping Plover (Charadrius melodus). From A. Poole, editor. The birds of North America online. Cornell Lab of Ornithology, Ithaca, New York, USA. [online] URL:http://bna.birds.cornell.edu/bna/species/002/articles/introduction.
Haig, S.M. 1987. The population biology and life history patterns of the piping plover. Dissertation, University of North Dakota, Grand Forks, USA.
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kn vertebrate Prey
Reference Location Findings Sample Size Years Design
Anteau and Sherfy 2010 Upper Sticky traps deployed continuously for 12 h or more had lower catch rates than four consecutive-composited 3-hour 2 replicates in Aug 2006 and 3 replicates in Aug 2008 Summers of 2006 We conducted an experiment to examine diurnal variation in catch rates of
Missouri deployments, suggesting that trap effectiveness declined for >3-hour deployments. Thus, if sticky traps are used to index and 2008 sticky traps in relation to habitat type on a reservoir, Lake Sakakawea, and
River plover forage abundance without controlling for time of day and wind speed, data may be highly variable or estimates emergent sandbar habitat on the Garrison Reach of the Missouri River. We also

could be biased.
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Findings:

examined if sticky traps have consistent catch rates among 3-, 12-, and 24-hour
periods to determine if sticky traps could be set for an entire day to account for
diurnal variation in catch rates. Within each habitat type [dry sand/substrate
(<50% vegetation cover); wet sand/substrate (<50% vegetation cover); and
vegetated dry sand/substrate (>50% vegetation cover; hereafter vegetated)]
we randomly selected four locations (>25 m apart) for sampling.
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plovers. However, at four other Great Lakes beaches, we measured 3 to 6 times less (0.01--0.02 g/m2/hr; P < 0.01)
invertebrate biomass than at the alkali wetland beaches.

of these sites in 1988.

We sampled invertebrates at beach habitat adjacent to alkali wetlands at the
John E. Williams Nature Preserve (JWMNP), McLean County, North Dakota. This
site supported 90 breeding pairs of piping plovers in 1988 (X = 94 from 1984-
1995).

Reference Location Findings Sample Size Years Design
Catlin et al. 2012 Upper e - Two parallel transects with 2 to 4 samples each using 30 minute time intervals. 2005-2009 We compared arthropod abundance indices from artificial and natural sandbars
Missouri " as part of an evaluation of foraging habitat. We sampled in two wet substrate
River | #maew ¢ w B T3 Memie | S b o arimped csleond by e oy pied ot vy ” cover types: damp sand and mud, and saturated sand and mud. We sampled
every two weeks during the June—August chick-rearing period.
- Mamal  Engwrl  Engwi2  Emgwd  Engvid Emgws  Eng
Samdbar type
Catlin et al. 2013 Upper Predicted fledging (recapture probability < 0.05) occurred between 25 and 35 days from hatch, similar to the age of the We individually marked each chick (n = 1,192 from 1099 nests) with color bands 2006-2009 We studied the relationship between river flow and the timing of fledging,
Missouri oldest actual yearly captures within the study (26-33 days from hatch). Recapture rate varied by year and was positively and a color flag. We measured mass (+0.1 g) and wing-chord (+1 mm) every third The study was growth, and survival of piping plover chicks. We developed several a priori
River correlated with flow (Fig. 4) Survival varied by year and was negatively correlated with flow. During the period in which day until fledged. characterized by 2 structures for survival (¢) and recapture rate (p) meant to test hypotheses
most birds fledged (25-35 days), wing-chord lengths in 2006 and 2009 (high flow) were smaller than in 2008 and 2007 relatively high flow about fledging and the effects of flow on fledging. For an individual bird, we
(low flow), but this difference was largely absent by 35 days of age (Fig. 7). Masses during this period were lowest for 2006 years (2006 assumed that a recapture rate (p) < 0.05 would be equivalent to fledging. We
(high flow) and highest for 2007 (low flow); 2008 and 2009 were intermediate. and 2009) and 2 analyzed the change in wing-chord length and mass as a function of age using
relatively low flow nonlinear regression. We used a Cormack-Jolly—Seber (CJS) model in Program
years (2007 and MARK package RMARK to calculate both survival (¢) and recapture rate (p).
2008).
Assumed that increased flows equates to decreased prey availability.
Elias et al. 2000 East coast | Arthropod abundance indices were correlated with foraging rates (Spearman’s Rho = 0.81. P = 0.049, n = 9). We randomly selected a sample of beach segments where broods foraged and 1992-1993 The goal of this study was to determine whether brood-rearing quality of
us within each segment we randomly selected 2 transects perpendicular to the long beaches with ephemeral pools or bay tidal flats was superior to the quality of
axis of the beach. We sampled once a week for 7 consecutive weeks each year beaches without these habitats on the central New York barrier islands.
starting in June. We sampled each segment for 3 hr on the same day to reduce
temporal variability using sticky traps.
Le Fer et al. 2008b Missouri Invertebrate numbers were higher in saturated and moist habitats than in vegetated and dry habitats (P < 0.05). At the 2001-2003 We examined the relationship between site selection and invertebrate
River epilimnetic (constant flow release) and hypolimnetic (pulsed flow release) reaches, foraging Piping Plover chicks used abundance indices within habitats.
saturated and moist habitats more than vegetated and dry habitats, based on availability. On the Missouri River,
protected shorelines were important foraging sites for Piping Plovers during the breeding season, and sandbars with low-
lying moist habitat were important to foraging chicks.
Nordstrom and Ryan 1996 | Great The mean invertebrate biomass at two Great Lakes beaches (Platte Bay, Ml = 0.16 g/m2/hr; Long Island, Wl = 0.11 We measured invertebrate biomass and abundance at six beaches at three 1988 We assessed the potential for reestablishment of endangered piping plovers at
Lakes g/m2/hr) was similar (P > 0.05) to that at North Dakota alkali beaches (0.09 g/m2/lhr) occupied by breeding piping National Lakeshores in the Great Lakes in 1988. Piping plovers did not occupy any selected Great Lakes beaches by comparing invertebrate biomass and

abundance with that at alkali wetland beaches occupied by breeding plovers in
the Great Plains. We measured invertebrate occurrence using sticky traps
secured to beach foraging substrates.

IVest Site Selection

Reference

Location

Elevation Vegetation Cover

Slope Finding

Anteau et al. 2012b

Lake Sakakawea

SAK and other reservoirs were used heavily by plovers including during drought years (e.g., 2006, 2007), years when their natural wetland habitats
should be readily available in adjacent areas.

Anteau et al. 2014b

Lake Sakakawea

mainland.

We also examined how landform, wind fetch, and chick density influenced chick growth rates at our 2-km segment scale. We found 103 and 83
nests and banded 94 and 81 chicks, representing 30 and 36 unique broods, during 2007 and 2008, respectively. Amount of habitat at surveyed
segments with chicks that hatched averaged 5.7 ha and ranged from 0.2 to 19.17 ha (CV=0.87). Piping Plovers selected islands for nesting over the

Burger 1994

East coast US

| studied habitat use (using transects) and foraging behavior (using focal animals) at three habitats on each of three nesting beaches over a 2-yr
period (1988-1989) in New Jersey, USA.
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Reference

Location

Elevation

Vegetation Cover Slope

Finding

TABLE 2. Comparison of foraging piping plovers on the three suuly sites {1958 and 1989) in New Jeney, Each sample was 2-min
: T

observation of a Foraging Plover, Given are x +

rw— [T [—— [re——
Sumnlier of samples Hin w1 T4
Segonds spent
Freding 1061 + 21.7 K0 - 372 1R84S (0.0001)
Alerr 73 g 134 = 182 2538 (0.0001)
Caomnspecilic agpresion 2 1.5 =69 38,0 (0.0001)
Feophe within 1140 m 01 L 05 28 - 2l B20.4 (0.0001 )
Numiher off pople
Fishing 1] 1515 (il y
Sunbathing L] 151.3 (0.0001)
Walking L] AU (O] )
Number of teeding birds 09 L 25 5H92 (D.0001)

Cohen et al. 2008

East coast US

We studied Piping Plover nest site selection
on renourished beaches in New York in 2004

TABLE |. Characteristics a1 Piping Plover nests and random sites, Westhampton Island, New York, 2004

(n = 32, I-m® nest and paired random plots within 50 m).

at sites where future renourishment was

planned. Our objective was to learn if Piping
Plover nest sites differed from nearby random
sites in vegetative cover, coarse materials in
the substrate, and number of large objects
such as stones and woody debris.

Vepetaton Cuane graies

Cover (%1 Cover (%) Pl near®

Plots in* Plots i = 1 large
Pl 1ype L] SE Max >4% cover 1 SE Mar >5% cover whpet
Nest 76 1.7 457 041 9.1 26 55.6 041 0.28
Random 44 1.9 48.6 0.19 55 2.2 47.2 0.22 016

 Mean of the indes wed in our nest site selection model (0 = < 3% cover, | = S~ 100% cover)

" Mean of the lanpe ubpects (rock, shell. wood =64 mm in a1 least one dimension) index sed in owr mest site selection maoded @0 = no large objects, |

< = 1 large object). Where larpe objects were present, counts rasged from | o 3

Flemming et al. 1992

Northeast Canada

Table 3, Variety of nest type )
Brunswick and Nova Scotia, :g'ézﬂg;m&p?;:m in New

9.
_-“--—-*
No. of nesty
Nest type hﬁ?:;:'-'r&' Northery Southern
NovaScotia  Nova Scotia
Pebble 12 9
Crass 4 1 14
Mixed 3 1 34
Sand 0 H fg
_--_-_‘—_————-—-_

variety of nest types in each area.

Although nest site characteristics differed among study areas, individual plovers used a

Marcus et al. 2007

Platte River

Table 3. Subs ition and vegetation cover at Lea
what the hirds selec 1 at randos i ithin used plots (representing what was available 1o the
around nines al

d as a plot wi
Ferent (P = 0.05).

and Elkhorn rivers, Nebraska, 2000 and 2001, A w

Auractant plots

Control plots

Nesis Random

Nests Random

Fine Sand LT
PP
Coarse Sand LT
re
Small Gravel LT
re
Large Gravel LT
re
Vegetation LT
rr

The possibility of shifting nesting from active to inactive mining
areas by using a deterrent (mylar flagging), an attractant (gravel and driftwood spread on bare sand), and a control (untreated sand) was evaluated.
Experimental plots (mean 0.36 ha) were established at 18 different gravel mines, twelve in 2000 and seven (one repeat) in 2001 along the Platte
and Elkhorn rivers prior to nesting season. Of 117 tern nests, 73% were in attractant, 2% in deterrent, and 26% in control plots. Of 23 plover nests,
61% were in attractant, 9% in deterrent, and 30% in control.

Maslo et al. 2011

East coast US

We translate these results into the following pragmatic target design parameters: (1) vegetative cover: less
than 10% (backshore), 13% (primary dune); (2) shell/pebble cover: 17-18%; (3) dune height: <1.1 m; and (4)
dune slope: <13%.

We collected data on piping plover nests at 19
2008. Sites consisted of three main geomorphic

breeding beaches in New Jersey, United States, from 2006 to
types—mainland, barrier, and inlet beaches.

Sidle and Kirsch 1993

Platte River

Table 2. Numbers of adult Least Terns (LT) and Piping Plovers (PP), percentages of all individual birds using sand pits, and the number of

sandbar and sand pit nesting sites on the central and

Nebrasks Game and Parks Commission (1988, 1989, and unpublished data), and Sidle of al. 1991,

lower reaches of the Flatte River, 19881991, Data were derived from Lingle (19930, and

Central Platte Lower Plate
Number of birds % bindds on pits No.nesting sites Number of birds % birds on pits No. nesting stes
Vear LT PP LT 3 B it 1 PP LT 3 Bar Fit
108 124 9 6l 62 [3 16 497 161 26 19 2 1"
1980 194 94 94 64 I3 16 40 188 14 13 8 1
1990 176 7 a1 78 3 17 361 149 40 35 23 13
1991 158 58 87 76 3 14 265 73 30 37 35 1
Mean 163.0 805 A32 T0.0 4 158 .5 1428 275 26.0 S0.0 nz
L7 13 RS0 423 o8 18 76 3

sD 209 180 151 LE]

We found 225 sand pits of which 78 were suitable and 187 were unsuitable for nesting. Along the central Platte, where sandbar
habitat is severely degraded, birds nested at 81% of the suitable sand pits (N = 32) at least once during 1988-1991, and most birds
(61-94%) nested on sand pits. Along the lower Platte, where both sandbar and sand pit habitat are plentiful, birds nested at 60% of
the suitable sand pits (N = 35) at least once during 1988-1991, and most birds (60-86%) nested on sandbars.
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Reference Location Elevation Vegetation Cover Slope Finding
Catlin 2009 Upper Missouri Juveniles from densely-populated, engineered sandbars were more likely to breed on natural Table 1: Use vs. availability of sandbar habitat for piping plover nesting on the Missourt River during the 2005 - 2007 field seasans
River habitat the following year than those on less densely—populated sandbars, and, in general with respest to habitat modifications. Use was defined as the number of nests that were initiated on ype of habitat within each
t f b th R | d d |t t d f f . ! ;j h bt t b ! year. Subscripts on the proportion of available habitat represent selection (+ selection for, - selection nst. and = no selection)
movements of both juveniles and adults suggested a preference for engineered habitat by
adults Namral Sandbars Modified Namral Sandbars Engineered Sandbars
’ Year" W Pu, (95% CI) “Pal n “Pw (95% CT) “Pa T 0 Pu(95%CI) “Pa,
2005 87 0431 (0348, 0.510. 42 0.208 (0.140, 0.193 . 73 0.361 (0.280, 0.297
0.514) 0.276) 0.442)
2006* 48 0.2320.162 0,500 _ 31 0.150 (0,091, 0.275 128 0.618 (0,537, 0224,
0.302) 0.209) 0.690)
2007* %4 0.252(0.181, 0.384 18 0.084 (0.039, 0.161 142 0.664 (0.587, 0455,
0.323) 0.129) 0.741)

Page 37/106

Catlin et al. 2011b

Upper Missouri
River

As with the engineered habitat, vegetation was probably one of the driving factors behind
our observed selection.

Piping plovers used all habitat types in proportion to their availability in 2005 but used engineered sandbars more and managed sandbars less than
expected in 2006 and 2007. We found no evidence that managed sandbars affected nest survival, but selection against them brings their
usefulness into question.

Cohen et al. 2009

East coast US
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East coast US

Nests located on more heterogeneous substrate and on coarse-grained sand contained more shell fragments.

Johnson et al. 1997

Great Plains and
Great Lakes

Dirks (1990) found that 25% of Missouri
River nests were initiated at elevations
of 6in or less; 55% at 9 in or less; and
75% at 11 in or less above water.

Dirks (1990) found that 25% of Missouri River nests were initiated at elevations of 6 in or
less; 55% at 9 in or less; and 75% at 11 in or less above water.

Haig and Plissner (1993) repotted that 60% of northern Great Plains piping plovers used shorelines around small, alkaline lakes, 18% used large
reservoir beaches, 20% used river islands and sandbars, and 2% used beaches on large lakes.

Le Fer et al. 2008b

Upper Missouri
River

If allowing natural processes to create sandbars is not feasible, artificial sandbars should incorporate inlets and pools as suitable habitat and should slope
gently into the water. Water levels should be managed to maintain availability of these moist and saturated shoreline habitats throughout the Piping Plover

breeding season.

Sandbars on the epilimnetic (constant flow) and hypolimnetic (pulsed flow) river reaches and the shoreline of the reservoir were surveyed during
the pre-chick period (plovers selecting territories, laying, and incubating eggs, late April to late May) and the chick-rearing period (early July to late
July). Four habitat types (saturated, moist, dry, vegetation) were compared.

There was no difference in the ratio of adult plover use of protected shoreline to availability for reach (F1,21 = 0.9, P = 0.36), year (F221 = 0.9, P = 0.42)
or breeding period (F1,.21 = 1.3, P = 0.27). Most foraging adult plovers (92% * 3%) were observed on protected shoreline but such shoreline
accounted for only 58% * 5% of the available shoreline (paired t-test: t1 = -5.4, P < 0.001).

McGowan et al. 2007

Upper Missouri
River

We report on the atypical habitat characteristics of four Piping Plover nests that we found amongst young cottonwood saplings on a sandbar island
in the Missouri River along the South Dakota-Nebraska border. Atypical habitat use could have implications for estimating demographic parameters
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Reference Location Elevation Vegetation Cover Slope Finding

and management of this protected species. It is important to explore the extent to which Piping Plovers use atypical breeding habitat throughout
their range and the quality of this potentially poor habitat.

Dirks, B.1. 1990. Distribution and productivity of least terns and piping plovers along the Missouri and Cheyenne rivers in South Dakota. M.S. Thesis, South Dakota State University, Brookings, SO.

IVest Density

Reference Location Findings

Anteau et al. 2014b | Lake Sakakawea The majority (81%) of our segments had hatched chick densities less than 5 hatchlings per ha. Density of chicks hatched per segment averaged 3.8 chicks/ha and ranged from 0.2 to 27.1 (CV=1.70). Fledging-rate estimates from the density-dependent model increased with density of
hatchlings, but the slope stabilized between approximately 5-15 hatchlings per ha (Fig. 2). When we reran our analyses on segments with <5 hatchlings per ha (n=21), there was considerable model uncertainty between the full density dependent and the density independent model. We
found little support for density dependent processes influencing fledging rates of chicks when densities were <5 hatchlings per ha, which comprised >80% of areas we studied. However, there was support for density dependence influencing fledging rates of chicks at densities >5 hatchlings
per ha. Our data suggest that fledgling rates no longer increase with increasing hatchling density greater than about 10 to 15 hatchlings per ha. There was no support for the notion that chick density influenced chick growth rates, suggesting that food resources may not have been limiting
even in dense chick rearing areas.

>

t Fledglings per 2-m Segment

Count

o 0 2

s o0 15
(Chicks Hatched per ha

Haffner et al. 2009 Great Lakes The mean size of home ranges of Piping Plovers that fledged at least one chick was 2.9 £ 0.5 (SE) ha (range = 0.4-11.2 ha), and the mean linear beach distance traversed was 475 +53 m (range= 130-1435 m). Individuals used 3 times more beach area and 1.5 times more shoreline distance in 2003 than in 2004.
Females used smaller areas than males overall and during chick rearing. Home ranges were smaller on beaches with low public use, suggesting that human disturbance may cause greater movement by individual plovers and that large protected areas may be warranted on beaches frequented by the public.
1A
Table 1. Space use by breeding male and female — 20
Grear Lakes Piping Plovers expressed as minimum = © == 200
ennvex polygon (95% MCP) and lincar beach dis- 2
tance (95% lincar) for the 2003 2004 breeding E .
scasons. Data are shown for the enrire breeding sea-
son and separately for incubadon and chick-rearing i
iods, and are summanized separately for males and 24
emales when analysis suggested differencer in range
use bevween the sexes (see Table 2). .
N Mean SE Range 1000
95% MCP (bs) = B.
Season 35 29 05 04112 S
Male 17 35 07 0.6-109 g
Female 18 23 06 0.4-11.2 800
Incubation 3s 1.8 D4 01-107 9
Chick rearing 3% 20 03 0160 §
Male 17 2.2 0.4 0.2-5.5 et
Female I8 14 03 0.1-46 2 -
95% Linear (m)
Scason 35 475 53  130-1435 0
Incubation 35 340 40 50-1210 Mels Female
Chick reari S 370 [
Male h ?? 4;} zg :gg:ggg lfis. 2. Man (& SE) home range sizes (A) and mean
Female 18 317 53 100-930 hJ_'!:_u duur.m_ (B) for male and female Great Lakes
Piping Plovers in 2003 and 2004.
Hunt 2013 Upper Missouri We studied the nest success and survival of Snowy Plovers nesting on the Missouri River between Nebraska and South Dakota from 2008-2011 by monitoring nests every 2-3 days and banding adults and chicks. In our study, Snowy Plovers nested among Piping Plovers and Least Terns. Currently in our study area,
River the limited numbers of Snowy Plover pairs do not seem to be having an effect on Piping Plovers sharing the same nesting habitat. However, if numbers increased it is conceivable that Snowy Plovers could compete with Piping Plovers for territories and resources. Nest and adult survival of Piping Plovers at the same

study area were higher (DSR: 0.99, adult survival: 0.82; Catlin 2009; Catlin et al. 2011a) than Snowy Plovers in our study, but Snowy Plover chick survival was comparable or better than that of Piping Plovers, depending on the year (0.30-0.67; Catlin et al. 2011b). Because most Piping Plover and Least Tern habitat
was inundated in 2011 which had low nest success and high predation, the study sandbars had very high nesting densities, which may have attracted predators (Catlin 2009). American mink that may have been moved out of their normal marsh habitat due to inundation were responsible for the majority of
documented nest and chick predation.

Maxson 2000 Minnesota My objective was to quantify interspecific interactions of Piping Plovers during the incubation and brood periods and to determine whether these interactions were likely to be detrimental to Piping Plover reproductive success. Management activities at this site include controlling mammalian predators, placing
wire mesh predator exclosures (Melvin et al. 1992) around plover nests, and using elevated-string gull deterrents (Maxson et al. 1996) near plover nests. Protected nests have high hatching success, yet typically fewer than half the chicks fledge. Samples (30 min observations) of n = 111 were obtained during 8June-
21July 1995 and between 0600-2010 h (CST). | defined an interaction opportunity as occurring any time a plover was within five m of another species. During the brood period, | noted when Piping Plover chicks were within two m of another species and whether.any interactions occurred. These distances were
arbitrary and conservative as some interactions were initiated at greater distances. The interaction index for all species peaked during the brood period reflecting the increased aggressiveness of Piping Plovers after chicks hatched. No measure of nesting density.

Catlin 2009 Upper Missouri From our nest monitoring data, we calculated the maximum number of nests active at one time on each sandbar and summed the habitat availability and number of active nests to estimate the average nesting density on natural and engineered sandbars.
River
Cohen et al. 2009 East coast US . Wi
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Figure 10. Correlation between piping plover population growth rate (i) and
nesting-pair density at West Hampton Dunes (WHD) and the reference area
(REF), New York, USA, 1993-2004, n = 11 yr.
Wilcox 1959 East coast US Seldom will one pair nest nearer than 100 feet from the nest of another pair. Nests found were usually spaced 200 feet or more apart. If a bird is on the nest, it usually will chase away adult plovers other than its mate when they approach within about 100 feet. A Least Tern nest was only four feet from a plover’s

nest and the tern was most aggressive. The author does not say whether or not the plover nest was abandoned.
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"-Iabitat Quality and Quantity

Reference

Location

Findings

Anteau et al. 2014a

Lake Sakakawea

Using atmospheric corrected Landsat 5 Thematic Mapper Normalized Difference Vegetation Index data, we developed procedures to measure breeding habitat abundance and we developed a model to predict habitat abundance based on past and projected water levels,
vegetation colonization rates, and topography. Previous studies define plover habitat as flat areas (<10%slope) with <30% obstruction of bare substrate. Compared to ground-based data, remotely-sensed habitat classifications (<30/>30% bare-substrate obstruction) were 76%
correct and omission and commission errors were equal. Due to water level fluctuations, habitat abundance varied markedly among years (1986—2009) ranging from 9 to 5195 ha. We calculated slope for SAK on a digital elevation model(DEM; 5 m pixels) with vertical accuracy <1
m (Intermap Technologies, Inc., Englewood, CO). Specifically, slope was the maximum elevation change of each pixel to the 8 neighboring pixels; this calculation represented the maximum slope for a 5-m distance. We extracted slope values for 388 plover nests at SAK; 90% of
plover nests had slopes <10% (defined as the threshold for suitable-flat habitat). We calculated the total hectares of suitable-flat habitat area at SAK within each 1-m-elevation con-tour (hereafter contour) for each segment. We evaluated our slope threshold with a separate
sample of 1320 nests found on SAK during 1998-2005 by a monitoring crew (U.S. Army Corps of Engineers data); 93% of plover nests were situated in areas with less than 10% slopes. We used approximately half of our field observations to develop models to predict habitat using
satellite imagery (n = 2355), and the other half to evaluate the accuracy of those models (n = 2116). We classified each pixel as >30% or <30% bare-substrate obstruction. Indeed, 81% of nest locations were situated in pixels with <30% bare-substrate obstruction.
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Anteau et al. 2014b

Lake Sakakawea

We also examined how landform, wind fetch, and chick density influenced chick growth rates at our 2-km segment scale. Mean fetch for segments averaged 1.5 km and ranged from 0 to 10.4 km (CV=1.49). While holding wind fetch and density at
median values, fledging rate was 4.3 times greater on the mainland (x=3.0; 95% CL: 2.9, 3.2) than it was on islands (x=0.7; 95% CL: 0.5, 0.9). Chick fledging rate declined by -0.7 (SE=0.04) fledglings per 2-km segment for every km increase in wind

0.15
010 fetch. Based on our second-ranked model, relative chick growth was negatively correlated with relative movement (Fig. 4). Regardless, our findings suggest that quantity or quality of habitat at SAK did not appreciably limit fledging rate of plovers
% o005 on most areas during our study years. Further, if our study years are representative of long-term habitat quality, then 5-15 hatchlings per ha could be used to help define a brood-rearing habitat goal for plovers at SAK. Growth rates we
g 0.00 documented were greater than those reported for plovers on sandbars of the Missouri River near Bismarck, ND and Yankton, SD during 2001-2003 (Le Fer et al. 2008a). These comparisons suggest that forage conditions on SAK were similar to
§ 005 other areas that have been studied and perhaps are of no greater management concern than at other plover breeding sites.
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Goodale et al. 2007

Northeast Canada

Used Lidar data over a barrier beach and estuary on the south shore of Nova Scotia. Logical filters improved classification of habitat compared to standard unsupervised and supervised classification.

Canadian Journal of Remote Sensing / Journal canadien de télédétection

Table 1. Logical and hierarchical statements used in the logical filter for the intermediate and final classifications of
Johnston’s Pond.

Classification Logical statement
Beach substrate If mixed substrate overlaps sand and cobble, then classify as mixed
If sand overlaps cobble, then classify as sand
Intertidal flats If beach substrate overlaps mudflat, vegetated mudflat, or sandflat, then keep beach

substrate classification
If mudflat overlaps vegetated mudflat and sandflat, then classify as mudflat
If vegetated mudflat overlaps sandflat, then classify as mudflat
Merge mudflat and sandflat into one class (mudflat-sandflat)
Thirty metre (30 m) coastline buffer  If vegetated mudflat (from intertidal flats output) is within 30 m of the coastline, then
classify as mudflat—sandflat
Intertidal-beach classification Merge 30 m coastline buffer output with intertidal flats output
Patchy vegetation If thick vegetation overlaps sand, mixed, or cobble, then classify as patchy vegetation
Final classification Merge trees—shrubs over patchy vegetation over thick vegetation over water over
intertidal-beach classification

Table 2. Logical statements used to classify critical piping plover nesting and feeding habitats.

Piping plover habitat classification Logical statement

Critical feeding If slope is less than or equal to 3.0° and beach habitat is classified as mudflat-sandflat
or sand, then classify as feeding habitat

Critical nesting If slope is less than or equal to 3.0° and beach habitat is classified as sand, mixed, or

patchy vegetation, then classify as nesting habitat

Haig et al. 2011

General

TasLe 1. Issues addressed by avian conservation genetics.

Taxonomy (Meta) populations Landscapes

+ What are the evolutionary and * What are levels of genetic diversity, *  What are the effects of landscape features and
geographic boundaries of species, population structure, effective landscape heterogeneity on genetic diversity
subspecies, and management units? population size, or gene flow and and population structure?

= What is the extent of introgression or how have they changed over time? +  How are phylogeographic patterns of birds
hybridization? * What is the best strategy for managing changing in response to climate change?

*  Which species are represented in small populations to maximize *  Which populations or life stages are most
illegal wildlife trade? conservation of genetic diversity affected by contaminant exposure; are certain

*  What cryptic species have been (pedigree analyses)? genotypes more vulnerable?
misclassified? * What is the extent of population * In mixed-stock populations, what proportion

« How is biodiversity changing in connectivity or isolation? of each stock is being harvested or affected by
response to climate change? * Which populations would be the environmental perturbations?

: . . . ; best source for a translocation or
* What is the identity of a hybrid, = “1 ik 5 e
cryptic specimen, or the remains reintroductiont
* How do individuals and populations

of an ancient or recent specimen?
move throughout the annual cycle?

+ What is the best avian tree of life for
prioritizing biodiversity conservation * How are disease transmission

by phylogenetic diversity? pathways linked to bird movements?
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Le Fer et al. 2008a

Missouri River

We studied plovers on 3 stretches of the Missouri River (2 riverine and one reservoir) and in the alkali wetlands of North Dakota from 2001 to 2003. We tested the hypothesis that piping plover habitat quality and chick survival on the Missouri River were lower on a cold-water

reservoir and downstream from a hypolimnetic (cold-water) release dam with diel water fluctuations (Garrison Dam) than downstream from an epilimnetic dam (Gavins Point Dam). Chicks gained weight more rapidly in the alkali wetlands than on epilimnetic and hypolimnetic
river reaches. Invertebrate numbers and biomass were higher in the wetlands and epilimnetic reach, but chick survival was lower on the epilimnetic reach. Thus, piping plovers adapted to a variety of prey densities, and other factors, likely predation, reduced survival rates in the
epilimnetic reach.

T R ————— S e Mo gl g Table 2. Mean forag

ne foraging, and
b Diakots, USA, X

Dy 3-10

Table 3. Slopes of re; ta, USA, in 2001-2003. Mass
wis the mean mas
2001-2003" 200" 2002° 2003*

Site Slope SE Slope SE Slope SE Slope SE
Alkali 0.081 A* 0.002 0,086 AB 0.004 0.079 AR 0.002 0.083 A 0.002
H_q\-lunn:n\ 0076 B 0.001 0078 B 0.003 0076 B 0.002 0077 B 0.002
Epilimnetic 0.077 B 0.001 0.092 A 0.003 0.081 A 0.002 0.067 C 0.002
Resenvoir 0.078 AB 0.002 008 B 0,005 0,078 AB 0,002 0075 B 0,003
* Fysm < 0.001
*Fis < 0,001
o < 0,001
! B a0 < 0.001
*Sites with the same letter within yr (columns) are not significantly different (2 = 0.05)

Maslo et al. 2012

East coast US

We evaluated the success of a restored piping plover breeding habitat in New Jersey. We identified the major factors influencing foraging rates, compared foraging activity budgets over 3 yr at restored and natural habitats, and explored the potential of artificial tidal ponds as a
viable restoration alternative. Adult foraging rates were higher in artificial pond and ephemeral pool habitats, during low tide, and after breeding activity ended. Adult foraging rates were impeded by the presence of people and vehicles within 50 m. Chick foraging rates were
highest at artificial ponds and bay shores and lowest in dunes and on sand flats. Chick foraging rates were strongly hindered by the presence of corvids and the number of people within 50 m. In addition, at artificial tidal ponds, piping plovers spent more time foraging and less time
engaged in defensive behaviors (vigilance, crouching, and fleeing) compared to other potential habitats. Our findings support the hypothesis that artificial tidal ponds are a valuable, perhaps superior, foraging habitat.

=

by =
Mo
Y .
Fue L
o I I I I l
ae
e R A e N .
O S
-
FabRat

Melvin et al. 1991

Atlantic coast

Piping plovers that nest and winter along the U.S. Atlantic coast are threatened by cumulative impacts of habitat loss and alteration, human disturbance, and predation. Coastal stabilization activities may degrade plover habitat by altering natural processes of dune and beach
erosion and accretion. Dredging and beach nourishment projects may be beneficial or detrimental to plovers, depending on timing and location. Management strategies to reduce disturbance and mortality caused by beachgoers and off-road vehicles include fencing of nesting and
brood-rearing areas, partial or complete beach closures to pedestrians or vehicles during the breeding season, restrictions on pets, and public education. Beaches where piping plovers nest are owned and managed by a variety of federal and state agencies, county and municipal
governments, private conservation organizations, and individuals.

Root and Ryan 2004

North Dakota

We chose two alkaline wetland complexes in North Dakota to investigate long-term vegetation change (1938 to 1997) We obtained black-and-white aerial photographs (1: 7,920 scale) from the U.S. Department of Agriculture Aerial Photography Field Office and U.S. National
Archives to measure long-term changes in piping plover breeding habitats. Photographic series for all study wetlands began in 1938 and were available every 3— 15 years through 1997 (n 5 8-9 photographs per wetland). Among years, the seasonal timing of the photographs varied
from April to September.. We interpreted habitats at potential piping plover nesting beaches into five classes: (1) surface water; (2) basin substrates (unvegetated mudflats); (3) unvegetated gravel and sand beaches; (4) sparsely vegetated beaches, where substrates were visible
through the vegetative cover; and (5) densely vegetated beaches, where no substrate could be observed through the vegetation.

We correlated the five-year precipitation index with areal extent of surface water at each study site to test our a priori assumption that basin water levels were associated with precipitation. We also correlated the quantities of available, unvegetated, and sparsely vegetated upper-
beach habitats with the five-year precipitation index. During years of reduced surface water, habitat availability of lower beach increased and potentially provided substantial amounts of suitable nesting substrates.

Schapaugh and Tyre 2012

Platte River

The fundamental goal of conservation planning is biodiversity persistence, yet most reserve selection methods prioritize sites using occurrence data. We describe a method that integrates correlates of persistence for multiple species into a single currency — site quality. Site quality
is, in turn, an explicit measure of performance used in optimization. We develop a Bayesian network to assess site quality, which assigns an expected value to a property based on criteria arrayed into a causal diagram. We then use stochastic dynamic programming to determine
whether an organization should acquire or reject a site placed on the public market. Our framework for assessing sites and making land acquisition decisions represents a compromise between the use of generic spatial design criteria and more intensive computational tools, like
spatially-explicit population models. There is certainly a loss of precision by using site quality as a surrogate for more direct measures of persistence. However, we believe this simplification is defensible when sufficient data, expertise, or other resources are lacking.

Seavey et al. 2011

East coast US

Our study area encompassed the barrier island system of Suffolk County, which spans 93 km of barrier island and peninsula shoreline along the southern coast of Long Island, New York. We modeled two possible responses of plover habitat to sea level rise (SLR): static and
dynamic. We determined the extent of habitat change over the next 100 years under several SLR estimates, as well as the interactive effects of coastal development and storm surge. We found that if plover habitat cannot migrate, SLR is likely to reduce breeding areas. However, if
habitat is able to migrate upslope and inland, breeding areas could actually increase with SLR. Unfortunately, this potential habitat gain is stymied by human development, which we found to reduce migrating habitat by 5-12%, depending on SLR estimates. We also found that the
spatial configuration of developed areas mattered more than intensity of development in blocking the migration of potential habitat area. Our results raise concern over the likelihood of increased conflict between plover habitat protection and human recreation as habitat is likely
to become a larger proportion of the barrier islands in the future. Finally, our results highlight risk from the synergism between SLR and coastal storms, as we estimate that a large hurricane could flood up to 95% of plover habitat. To assure the future of plover habitat on these
barrier islands, management needs to promote natural overwash and habitat migration, while minimizing development adjacent to future breeding habitat.

Sidle et al. 1992

Platte River

We observed extensive mortality (eggs and chicks) of the endangered interior population of the Least Tern and threatened Piping Plover caused by natural flooding during the 1990 breeding season along the Platte River, Nebraska. Aerial videography of the Platte River before and
after the flood revealed a 78% reduction of perennial vegetation on sandbars. The flood scoured vegetation from sandbars and greatly increased the amount of barren sandbar habitat that nesting Least Terns and Piping Plovers use.
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Table 1. The number of monitored Least Tern (LT) and Flover (PP) mests inundsted aloag the Plaite
hﬂm‘hlﬂnmmﬂm et Missouri River, 1986-90.
No. No. Mansmum
Norsts Befoar No % No. ey Total % Dy Flow frms)
¥r Firnt Flood Flooded Flooded Renests' Floesded Flooded  NRALV®
LT/PP LT LTPP LTF LT LTPP
1es 13678 155 1% w0 o0 s
98T 1T A0 w0 L ™™
rasse I vl 43 o0 L) 3
raer [ONLY n7 3454 bk [ W
e T 28 100 100 s ELs SES 5.
"Least terns aned gping plovers renestod afier losing eggs or chicks (rom otber causes in 1966 and 1988 but
initianed no mew mests on the river aficr
red a1 US. Geological Survey gauging watioen st North Bend and Loulsville, Nebrask
ocowmrred in lase June after mos ness had hasched.
ocourted in lase May-carly June before birds had initased masy news
"The flood inundated sandbars bong the entive river and ocosrred during pesk nesting. The second
food inundased sandbars befow Salt Creek (US Army Coupn of Engineers river mile 26) and ocourred in
Late July afier most trrn but mo plover renests had hatched. The second flocd killed all chicks on sandbars.
below river mile 26.
Sidle et al. 1991 General

Burger 1994

East coast US

We summarize several biological opinions issued by the USFWS to protect the threatened piping plover. The extent of take that is not likely to jeopardize the species is that which will not cause the fledge ratio to drop below 1.44 during a given nesting season. Practically speaking,

it remains to be seen if the biological opinions will have an effect on the protection and recovery of the piping plover. It took over four years to produce the Missouri River biological opinion and during that time untimely discharges from dams frequently inundated nests in direct
violation of Section 9 of the Endangered Species Act.

Cohen et al. 2008

East coast US

TABLE 3. Habitat comparisons (neean, dunes. bay) of feeding
piping plover and presence of people at three study sites in New

Jersey.
Baigantine Huslgare Corwon’s lulet
Seconds (=50D) devoted 1o teeding
Ocean 76 + 28 106 + 22 87 = 136
Dune 50 = 20 107 + 22 BT + 41
Bay 70 + 24 149+ 16 75 + 40
Wilcoxon x® (p) 483 (0.0001) NS 6.23 (0.01)
People within 100 m (mean £ SD)
Ocean 203 £ 0.3 0.049 £ 0.6 27 v 21
Dunes 33 + 33 002 = 0.3 008 £ 0.4
Bay 1.2 + 1.2 010 = 05 303 = 20

Wilcoxon x* (p)  19.9 (0.0001) 305 (0.0001) 1LE (0.0006)

All Piping Plover nests in our study were in

Elias et al. 2000

East coast US

<50% cover with most on bare ground, but
they occurred in vegetation more often than ex-
pected based on its availability. Apparent se-
lection of vegetated nest sites may result if plo-
vers nest near vegetated upland zones away
from the water line 1o avoid flooding (Burger

Goldin and Regosin 1998

East coast US

No broods that hatched in one type of beach segment (1 km lengths) switched to another type. Eighty-two percent of broods (n = 80) foraged in 1 segment 100% of the time. Ten percent (n = 10) foraged in 1 segment >75% to <100% of the time, and 8% (n = 8) foraged in 1

segment 256% to <75% of the time. All beach segments with ephemeral pools or bay tidal flats were used by nesting plovers, whereas fewer. than half of segments without these habitats were used by birds. Proportions of pairs using ephemeral pool or bay tidal flat segments
were higher than would be expected if adult plovers were choosing segments at random.

Knetter et al. 2002

North Dakota

Tabde 2. b i
Stateline negiions in northwest N

Roche et al. 2012

Great plains Canada

(1
047
0.001
(1)
<0001

— 3 Mo, nests.

b £V of distance (Roth 1976) B OV of distance (Koth 19761

Our results suggested that the landscape pattern variables we analyzed were not associated with piping plover reproductive success. Beach habitat characteristics did not explain variation in piping plover reproductive success. The cause of year-to-year variation in piping plover
reproductive success is unknown. We suggest that managers continue using predator exclosures and urge them to protect nests as early in incubation as possible to provide maximum effectiveness. However, predator exclosures should not be used in situations where there is a

history of adult plover depredation. In these situations, temporary electric fences may be a better alternative (R. K. Murphy, personal communication). In addition, we suggest managing beach habitat to create extensive habitat that could support high densities of breeding piping
plovers wherever possible.

Sherfy et al. 2008

Missouri River

Plovers were ~3x more likely to emigrate from a breeding population following a year of poor fledging success (fledging no chicks), compared with a year of moderate fledging success (fledging two chicks); flooding helped explain Piping Plover movement. We found that female
Piping Plovers were more than twice as likely to exhibit breeding dispersal than males following both flood and non-flood years.
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A focus of the Missouri River Research Program is the need to quantify acreage of emergent sandbar habitat as identified in the Biological Opinion. Evaluate emergent sandbar and river channel habitat variables for predicting nest success, fledgling success, and nest density for

least terns and piping plovers on 4 reaches of the upper Missouri River. We are gathering data needed for a model to predict the amount of habitat available to piping plovers at various lake elevations. This model will be more thoroughly developed in future years when more data
are available.
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Sherfy et al. 2009a

Missouri River
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Figure 2. Distribastion of least tern nmd piping plover aests among laed cover classes and
the percentage of the land cover class for the Gavins Point Reach in 2006, 2006 and

Sherfy et al. 2009b

Missouri River

Our work on Lake Sakakawea for Task 5 is an example of both predictive and descriptive modeling for piping plover habitat. We are exploring ways to develop descriptive models for abundance and distribution of breeding habitat on the lake shoreline using a time series of satellite
imagery. We are also evaluating approaches for predicting habitat changes and responses by plovers to future changes in lake elevation.

Wemmer et al. 2001

Great Lakes

As expected, the tendency of pairs to search for

breeding territories when they encountered a full breed- Our model suggests the Great Lakes population has

ing site had a positive effect on population growth rates, [!‘C greatest chance of long-term ["Ik"'ﬂiﬂlk‘l“-‘k‘ if, in addi-
but assumptions about pairing and movements may tion to improving productivity, piping plovers can nest at
have the opposite effect on population trend when much higher densities and successfully colonize currently
population size is very small. For example, in the model, unoccupied habitat. Piping plovers once bred commonly
Espie et al. 1998 Great plains Canada Observed and predicted fledging success at Lake Diefenbaker from
i 19881997
]
"": Lo Year Observed Model 1 Model 11 Model IT1
g “ﬁg reproduction predicted predicted predicted
y a
& 1988 0.7 1.7 1.4 1.7
£ - 1989° 0.6 1.7 0 0.4
1 03 . 1990¢ 0.0 0.2 0 0.1
§ o0z v 19914 0.0 1.6 0.2 0.4
bof © 1992 20 1.7 1.3 1.7
WI i 1993 0.1 0.6 0 0.1
al 1994 0.7 15 0.5 0.8
a » 0 L] L] 1995¢ 0.0 1.3 0 0.3
e 1996° 0.6 1.1 0.3 0.6
Fig. 2. Scatter diagram of proportion of piping plover hatchlings that 1997 0.3 0.9 0.1 0.2
fledged and availability of chick-rearing habitat at Lake Diefenbaker Mean 0.49 1.23 0.38 0.63

on the mean fledge date (7 July). t=0.643, p=0.07, n=6.

Johnson et al. 1997

Great Plains and Great Lakes

Loss of sandy beaches and other littoral habitats due to recreational/commercial developments and dune stabilization on the Great Lakes and Gulf of Mexico are partially responsible for the decline of northern Great Plains and Great Lakes populations (Bent 1929, Cairns 1977,
Flemming et al. 1988, Haig and Oring 1985, USFWS 1985, and others). Reservoirs, channelization of rivers, and modification of river flows have eliminated sandbar nesting habitat along hundreds of kilometers of the Missouri and its tributaries in the Great Plains (Sidle et al. 1992).

Faanes 1983

Platte River

During 1979, sandbars within about 84 km of river channels were surveyed for tern and plover nests. Nest searches were initiated on 19 May and continued through 26 June. All nests, both hatched and active, were submerged by rising water on 21 June. Normal vegetational
succession created some problems interpreting the impact of vegetative growth on nest site selection. When early arrivals began selecting nest sites the sandbars were virtually bare. By mid-June, nesting cover had changed from the date of nest initiation. Thus, later nesting birds
were required to choose and evaluate habitat that was much different from that found earlier. The greater mean depth to moisture also suggested that terns preferred higher and drier habitat.

Anteau et al. 2014c

Lake Sakakawea

We examined how remotely-sensed landscape features influenced the distribution of breeding plover pairs among 2-km shoreline segments during 2006—2009 at Lake Sakakawea in North Dakota, USA. Knowledge of landscape features, such as bluffs, that exclude use by birds
refines habitat suitability and facilitates more accurate estimates of habitat and population abundance, by decreasing the size of the sampling universe.

Bent, A.C. 1929. Life histories of North American shorebirds. U.S. Natl. Bull. 146:236-246.

Cairns, W.E. 1977. Breeding biology and behavior of the piping plover (Charadrius melodus) in southern Nova Scotia. MS Thesis, Dalhousie University.

Flemming, S.P., R.D. Chiasson, P.C. Smith, PJ. Austin-Smith, and R.P. Bancroft. 1988. Piping plover status in Nova Scotia related to its reproductive and behavioral responses to human disturbance. Journal of Field Ornithology 59:321-330.
U.S. Fish and Wildlife Service (USFWS). 1985. Detennination of endangered and threatened status for the piping plover. Federal Register 50(238):50720-34.

Predation
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Catlin et al. 2011a

Upper Missouri River

We studied the effect of great-horned owl removal on piping plover hatchling survival on Missouri River sandbars (2008—2009). Owl removal increased daily survival of piping plover chicks in 2008 (b = 2.03, 95% Cl: 0.04-4.02), but this effect decreased with increasing age of the chick
(b=0.42, 95% Cl: 0.81 to 0.03). Results for 2009 were similar in direction but not significant. Survival was higher in 2008 than in 2009, regardless of owl capture, indicating that even if owl capture consistently were effective at increasing survival, overall survival resulting from trapping
may vary annually. The minimum distance between the nearest sandbar with an owl trap was 3 km in 2008 and 1 km in 2009.
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Deblinger et al. 1992

Atlantic coast

Information was obtained on 211 exclosures in 8 states and 3 Canadian provinces. Nests were discovered between 23 April and 12 July (median = 27 May). The exclosures were erected soon after nest discovery (23 Apr-28 Jul; median = 30 May). Nests hatched between 21 May and 3
August (median = 6 Jun). Nests contained 1-4 eggs when they were first located (x = 2.74, SE = 0.079). Exclosures were usually erected around nests with full clutches of 4 eggs (67%); some incomplete clutches also were exclosed (1 egg [2%], 2 eggs [8%], 3 eggs [23%]). Of the 211 nests
sampled, 64% were first nesting attempts when exclosed, whereas 25% were renests and 12% were unknown. Predation occurred at only 10% of the nests protected by exclosures. We suggest that exclosures should be made of metal mesh fence (5 x 5 or 5 x 10 cm) and supported by
at least 4 sturdy metal or wooden fence posts. Fencing should be at least 90 cm above the sand and 20 cm below the sand.
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Larson et al. 2003

North Dakota

Table 1. Financial costs (US$) and reproductive benefits of applying predator-exclusion man-
agement on piping plover nesting beaches in the northern Great Plains of North America.

ﬂml cost to protect 4 breeding pairs® F:ndglmghs
Management Transpor- B AAEV —_perpaic
technique Materials tation  Labor®  Sum perpaird  Mean SE
No protection 0 0.00 0.89 010
MNest cages a0 133 540 753 180.05 1.28 0.07
Temporary fencing 885 106 592 1,583 22413 1.02¢
Permanent fencing 1,060 106 1,004 2,170 221.43 115 032
Nest cages and
temporary fencing 965 106 608 1,679 23094 .78 on
Nest cages and
permanent fencing 1,140 106 1,020 2,266 22824 225 037

2 The average fence protected approximately 4 breeding pairs. Financial cost data were col-
lected in North Dakota and Montana during the 1996-1998 breeding seasons,

b Fledging rates were published previously by Larson et al. (2002) and represent data from
throughout the northern Great Plains during various intervals from 1986 to 1999

© Included 13.1 heipair for transportation and monitoring, We assumed that removal of
cages and temporary fencing required half as long as deployment.

d AAEV = average annual equivalent value (Farmer et al. 1988:15) using a 5% annual dis-

count rate. 1t included the costs of application, maintenance, and replacement of materials
over 50 years.

€ This fledging rate does not represent field data; it was calculated using equation 1.
f Time required 10 erect a permanent fence was estimated by Mayer and Ryan (1991).

Murphy et al. 2003b

Great Plains and Great
Lakes

To boost productivity in the Piping Plovers breeding in the northern Great Plains, predator exclosure “cages” constructed of wire mesh fence were placed over 1,355 plover nests on alkali lake beaches in Alberta, Saskatchewan, North Dakota, and Montana during 1993-2002. Nesting
plovers were killed, apparently by raptors, near cages at 68 (5%) of the nests. In contrast, no losses of adult plovers were detected at 420 nests that were not covered by cages. The predation was greatest (up to 48% of applications) when small (1-1.7 m) diameter cages with wire mesh
tops were used at sites with low (mean, 4%) or moderate (15%) tree cover within two km. In areas with low tree cover, predation decreased to 0.7% of applications/year when large (3-4 m) diameter cages with soft netting tops replaced other designs. No predation was recorded in
393 applications of small cages at plover nests along the relatively treeless North Dakota-Montana border
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Nest predator exclusio

Smith et al. 2011 General
exclusion on hatching success. We used meta-analysis to summarise results from 16 predator exclusion studies. We also investigated whether factors relating to characteristics of the prey, predator species, location and study methodology explained heterogeneity in effect sizes.
Predator exclusion using either exclusion fences or nest-cages resulted in a significant increase in hatching success. This was the case for declining as well as increasing bird populations indicating that nest predator exclusion is an effective method of increasing hatching success of
vulnerable species. Nest-cages had a larger effect on hatching success than exclusion fences, although this difference was not significant and additional nest-cage studies are required as sample sizes were small. Heterogeneity in effect sizes was not explained by any of the covariates
investigated. We derived effect sizes using Hedges’ standardized mean difference, calculated within each study as the treatment effect size relative to the variability observed for each study. We also calculated response ratios for each study, which are defined as the ratio of the
means measured in the experimental compared to control areas.
S _14 B Hedgesd
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Fir. 1. Pooled effect sises and 955 confidence intervals for studies of the
effectiveness of predator excloiunes (§ n nest-cages) for increasing b ng
success, where Hedge's d and response o (RR) were wied as the offect sice
ARG Sl KAk S St If nest-cages increase incubating adult mortality rates and juvenile mortality is high in a particular species, even if hatching success is increased by nest-cages, they may have serious detrimental effects on population growth.
Vaske et al. 1994 General

This paper examines the impact of different types of predator exclosures on Piping Plover nest abandonment. The data were obtained from state or provincial agencies. Of the 211 exclosed nests sampled, only 22 (10%) were abandoned. The exclosure construction process was not
related to nest abandonment. Exclosure size, shape, mesh size and fence height were also not significant. The odds of nest abandonment, however, were significantly higher for covered exclosures and those lacking fence post.

White et al. 2010

Great plains Canada

We describe 3 cases of predation on Piping Plover nests in Saskatchewan using 24-h video monitoring. However, caution should be taken when using video data to identify predators because a bias in visitation by certain species might exist.

Barber et al. 2010

Northeast Canada

For exclosed nests, 11/16 cases of adult mortality were confirmed to be due to predation, whereas only one of the adults on nonexclosed nests was confirmed as being depredated. However, 7/183 exclosed nests and 46/301 nonexclosed nests failed because of unknown causes.

Doherty and Heath 2011

East coast US

Table 2. Fates of excdlosed and unexclosed piping plover nests on Suffolk County Park beaches, New York, in 2006 and 2007, Predator exclosure use increased
piping plover harching success.

Fate category
b Successful Mixed-fate Abandoned ¥ dated Flooded
Hatching L
Management SUCCCss n % n L] n % n % n %
Exclosed 0.68 20 49 1 27 7 17 1 2 2 5
Not exclosed 0.56 26 39 10 15 10 15 4 2 3 5
Total 0.60 46 46 21 17 17 16 15 14 5 5

Managers could implement dummy exclosures (exclosures set at random points) to deceive predators by reducing the opportunity for associating exclosures with bird activity (object permanence; Triana and Pasnak 1981). Alternatively, exclosure use could be limited; however, egg
loss to predators can become substantial at sites where exclosure use is discontinued. In our study, overall hatching success was higher for nests that had predator exclosures because they effectively deterred egg depredation. However, the ability of exclosures to mitigate predator
impacts may be limited in some cases without the additional management strategy of direct predator removal, as both exclosed and unexclosed nests were abandoned in areas with high predator PTI scores.

Ivan and Murphy 2005

North Dakota

The percentage of chicks lost between hatching and fledging stages when no exclosures were available to protect chicks (about 50%) was no different than the percentage lost when chicks were protected from mammals. We thus attributed nearly all predation on chicks to avian
sources.

Kruse et al. 2001

Upper Missouri River

Predation accounted for nearly half of all nest loss, the remaining was due to inundation, weather, abandonment, human, and unknown.
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Larson et al. 2002

North Dakota

Tabla 5. Curment and proposed numbers of pang povers in T Greal Pians population recening Predaln euckusion manage-
mert on alkabne wetland siles and e efiect on P Mean Mpoducive KCoEss Fal kor ol plovers al skalng weland slos.

Corswrt managerrent Prepossd management
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Maslo and Lockwood 2009

East coast US

he—

The influence of human disturbance is at least as high as that of mammalian predators in our analysis. Sandy Hook, where approximately 55% of the electrified nests in our dataset were abandoned, accommodates over two million (human) visitors per year, and the beaches and
access paths are densely populated by recreation seekers throughout the breeding season.

Maxson and Haws 2000

Minnesota

Same management activitics at P (e,
predhtor wapping.  predator  exclosures)
hwve been effective in increasing hatching
suiccess of Piping Plover nests. Use of gull de-
terrents has caused nesting Ring-billed Gulls
o abandon their colony sites making those
areas available 1o Piping Plovers. Neverthe-
less, low fledging rates continue to be a ser-
ous problem for Fiping Plovers at LOTW.

Murphy et al. 2003a

North Dakota

Lest results from the use of cages in this study inspire unwarranted optimism, we caution that the cages can expose nesting adult plovers to predation. Since 1996, adult Piping Plovers have been killed by predators at cages at several areas in the northern Great Plains (up to 48% of
34-110 applications/ year in some areas; Murphy et al. 2003b). Besides the loss of at least one adult, these instances almost always resulted in complete loss of eggs or neonatal chicks.

Patterson et al. 1991

Atlantic coast
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Rimmer and Deblinger 1990

East coast US

We observed during this study that Piping Plover chicks hatching earlier in the breeding season had, in general, a higher survival rate. Our data show that chicks hatching before 1 July (the traditional beginning of summer in Massachusetts) had a 79% (78/99) survival rate compared to
a 26% (4/15) survival rate for chicks hatching after 1 July. Nest loss from predation often stimulates renesting, resulting in young, vulnerable chicks on crowded, disturbed beaches in midsummer. Although our data set is small, it suggests that protection of early nests can reduce
renesting and enhance chick survival.

Espie et al. 1996

Great plains Canada

In 1992, we found 30 nests on three different beaches and in 1993 we located 39 nests on four beaches. In total, data from 67 nest sites and 116 random sites were collected; however, slide photographs were only available for 52 nest and 111 random sites. Depredated nests were

closer to the vegetation line than successful nests.

Table 1. Description of habitat variabbes used in asalysis of
Piping Plover mest-site selection,

Table 5. Sample means and standard deviations of habitat variables for successful, flooded, and

Variabie Description

- - depredated nests.

Near water  Dustance an metres from the pest of random site
1o the Bearcst walks source F (ANOVAY

Main waser  Dumance in metres from the aest of rasdom ute

1 Lake Diclenbaker

Elevation  Elevacion of the nest or randern site Variable Successful nests Flooded nests Depredated nests 1 2
Vegetation  Distance in metres. from the nest or random site - - —
o the vegetation line X Near water 68.23 440,10 (30) 43.92+26.45 (24) 53.00+£20.53 (13)  6.06* 0.53
Pebles  Number of pebbles per squar metre ot the nes Main water 131.70+£93.64 (30) 69.29+51.44 (24) 81.62+69.13 (13)  B.66** 330
o random site
Smecs Mumber of siones per square metre at the nest or Vegetation 120.83+142.12 (30) 92.87£82.32 24) 23.83+1528 (13)  0.06 5.05¢
pandom it . Pebbles 1025.67+£354,38 (21) 105192439011 (20) 946.89+21.74 (11) 2.53* 025
Rk skt of ok per e ecke . s et o Stones 37.054+26.27 (21) 47.03+18.89 (20) 318342174 (1) 1.94 0.32
;,:f 25;:,.,;"::‘ :T;:,: :‘:‘;‘:::m :: Note: Nombers in parentheses are sample sizes.
mest or random site *1, successful vs. Mooded nests; 2, successful vs. depredated nests; *, p < 0.05, **, p < 0.01; athers p > 0.05,

Catlin 2009

Upper Missouri River

Adults and juveniles emigrated from the study area at a higher rate after the 2006 breeding season, a year when water discharge was higher, nesting densities were higher, and reproductive success was lower (as a result of predation) than in the other years. Our results suggest that
habitat creation could be a viable short-term solution to population declines in shorebird populations limited by habitat loss, but high densities and increased predation associated with habitat creation indicate that other, long-term solutions may be required. Exclosures may not be a
long-term solution to predation problems in some cases because of increased adult mortality, predator adaptation, or cost. The negative effects of predation on populations through reduced productivity often are a symptom of other problems such as habitat loss or degradation,
increased human population, or introduced species. When evaluating the effect of habitat alterations or other management interventions on a population, managers should evaluate the overall fitness consequences of these actions. For example, high use of an engineered habitat
may be counterproductive if the habitat is an ecological trap in which colonizing animals suffer reduced fitness due to low reproductive output or survival. For managed or created habitat to prove an effective conservation tool, it must both be selected for by the species of interest
and provide at least comparable fitness relative to the habitat that it is replacing or augmenting. We studied the effects of nest exclosures, habitat modification, and habitat creation by observing plover nest site selection and by comparing the success of plovers nesting on 16
sandbars below Gavins Point Dam with various combinations of these treatments. Our study did however suffer in that the placement of exclosures was not random and there were not equal sample sizes of exclosed and unexclosed nests through time or through space. The USACE
monitoring crew was responsible for the exclosing of nests and their monitoring season began after the initiation of the breeding season, nests were not exclosed until clutches were completed, and areas of higher nesting density tended to receive greater management attention (D.
Catlin, pers. obs.).

Table W nest s (% total)

hicks associated with the nes
s disappeared with

or adults and disappeared ausvide the wind

Total Fasled Fa

d x Fasled

Yeur

Nests Successfal Predation Abandoped Flooding Oonfyer *

M) 12(6.6% 18 (9.8%) T3 )

05 105 (S1.2%) 6(29%
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Includes bank crosiot, westher events. and nests stepped on by rescarchen.

more falures < 1. If eggs were miv
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ding were obvious 1o observers, Many of the unknonn ne

Johnson et al. 1997

Great Plains and Great
Lakes

Success of up to >90% when has been common when success for unprotected nests has been <25% (Rimmer and Deblinger 1990, Deblinger et al. 1992, Melvin et al. 1992).

Melvin, S.M., L.H. Maclvor and C.R. Griffin. 1992. Predator exclosures: a technique to reduce predation at piping plover nests. Wildlife Society Bulletin 20: 143-148.
Triana, E., and R. Pasnak. 1981. Object permanence in cats and dogs. Animal Learning and Behavior 9:135-139.
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Cohen et al. 2006

East coast US

We calculated juvenile return rate each
year as the proportion of marked
fledglings that returned to breed. The
rates at which juveniles returned to breed
were 0.11 + 0.06 (SE; N = 28) and 0.13
0.09 (SE; N =15) in 2003 and 2004,
respectively.

We captured and marked 66 nesting adult Piping Plovers from 2001 to 2005. In addition, 43 banded chicks fledged and 5 of those entered our sample of breeding adults in a
subsequent year. Assuming that the probability of observing an animal before it died (R’) of 0.025, apparent survival rate (S), site fidelity (F ), and resighting rates of adult Piping Plovers
at West Hampton Dunes and Westhampton Beach for 2002—2004 were (mean SE) 0.70 + 0.03, 0.83 + 0.07, and 0.97 + 0.01, respectively.

Table 1. Number of adult Piping Plovers captured and number of resightings at West Hampron Dunes and
Westhampton Beach, Long Island, NY, from 2001 to 2005,

New New Breeders Nonbreeders Nonbreeders Toral
Year caprures’ recruirs’ resighted resighted’ missed population’
2001 36 0 0 0 0 36
2002 14 1] 26 1 o 41
2003 16 3 21 10 0 50
2004 o 1 24 [} 2 33
2005 0 1 6 [ — 13

Number of birds trapped on the nest and marked in year 4.
Number of birds marked as chicks prior to year  thar nested ar our site for the first rime in year 7.
Mumber of marked birds breeding at our site in year 7 that were marked prior to year ¢ and nested at our
site in year i — 1.
‘Number of marked birds resighted in year / that did not breed at our site in year 5, were marked prior to
year 7, and bred at the site in at lcast one year prior to ycar 4.
Mumber of marked birds not resighted in year 7 but resighted in ar least 1 year after year ¢ thar were
marked prior to year /, and bred ar the site in ar least 1 year prior o year i.
Total number of marked birds known to be in the popularion in year i.

ntervals on apparent survival rate (5),
Aovers, West Hampron Dunes and

without being reported d
ar 0.0, R equal
Apil)

Vear

4 7 (the probabili

htiin

Sarvival Rosighting rate Site Bdelity

R Yea' & Sk 95% C1 sk FSE 95% CI

0.02% 2002 0714 0091 0.551-0.85 0022 0.807-0.995 94 0082 0443097
2003 0751 0.095 0.527-0.891 0.022 0.807-0 0.117 0.443-0.880
2004 0.643 0087 0051 0084 0.601-0.940
Mean 0.703 0,032 0,012 7 0069 0.

00000 2002 0731 0.092 0022 0. 000 0.
2003 0753 0091 0,022 0.797-0.999 0116 0.44
2004 0651 0087 v U060 0.635-0.994 0084 0,
Mean 0.031 0.013 0.931-0.988 A 0.058 0

0.046" 2002 0.119 4 0,022 0.813-09 7 0078 0,
2003 & 0.098 4 0.021 0.813-09 0119 0
2004 & 0087 0053 0.677-0.9 0084 0,
Mean 0.031 3 0011 0.941-0.988 TGS 0,

‘R =Th ity that a bird sighted between 15 Mar d Tater in that val

and reparted)

wind
ghted birds in the torrtory establishment period (15 March o 15

4 and that mortality during the territory catablishment periosd is

Our mean annual adult survival estimate (0.70) was similar to that for Piping Plovers in Maryland in the late 1980s (0.71;

Loegering 1992), Massachusetts in the late 1980s (0.74; USFWS 1996), and the Great Plains during a 10-yr study in the 1980s and 1990s (0.74; Larson et al. 2000).

Cohen and Gratto-Trevor 2011

Great plains Canada

Average adult and subadult survival rates during our study were 0.80 and 0.57, respectively. Adult survival declined
over time, possibly due in part to the loss of one breeding site to flooding. Male and female Piping Plovers had
similar survival rates. Based on our survival estimates, productivity needed for a stationary population was 0.75, a
benchmark used for plover management on the Atlantic Coast, but not previously estimated for Prairie Canada. In
stochastic simulations incorporating literature-based variation in survival rates, productivity needed for a stationary
population increased to 0.86, still lower than that previously estimated for western populations. Mean productivity
for our study sites ranged from 0.87 to 0.96 fledged young per pair. Our results suggest that fledging rates of Piping
Plovers in Saskatchewan were sufficient to ensure a stationary or increasing population during our study period.
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We estimated true survival and site
fidelity of adult and subadult (from
fledging to second year) Piping Plovers
breeding in Saskatchewan using mark-
resight data from 2002 to 2009. By
estimating true survival rather than
apparent survival (which is confounded
with permanent emigration), we were
able to provide more accurate projections
of population trends.

Table 1. Number of Piping Plovers caprured in
a4 f

Saskarchewan
no

Saskatchewan Ahl] number I‘L'\ll_"llll'll n

and on the wirllv.'ling grounds 2002

New Study area Winter

\I:( ‘.t'('ar LAE‘7‘.I res  resip :\- ﬂ'.\lgllllnl,:i

Adule 2002 221 0 31
172 140 65
145 245 T4
122 297 117
122 246 140
0 161 76
0 114 104
0 66 27

Subadult 21 0 2
45 i 14
15 18 9
53 14 23
28 22 23
0 12 15
0 8 17
0 6 9

Drake et al. 2001

Gulf coast

High rates of survival and strong site
fidelity throughout the nonbreeding
period suggest that this period of the
annual cycle may not contribute to the
declining population size for Piping
Plovers wintering in this region. We
documented no mortality of marked
plovers during fall (n = 705 transmitter
days), winter (n = 791 transmitter days),
or spring (n = 1208 transmitter days).

We studied movements, habitat use, and
survival rates of 49 radio-marked Piping
Plovers overwintering along the southern
Laguna Madre of Texas during 1997-1998.

We radio-marked and monitored 49 plovers between 10 August 1997 and 25 April 1998. We
obtained 1371 radio locations averaging 29.6 :* 1.3 locations/ individual. Mean number of
days between successive locations was 1.97 :+: 0.04.

Larson et al. 2000

North Dakota

Fledging success (survival of chicks to 216
d of age, Prindiville Gaines and Ryan
1988) of banded juveniles was 96% (n =
55) in 1987. Immature annual survival
was 0.318 (SE = 0.075), but true immature

The discrepancy between the previous
adult survival estimate for the Great
Plains Piping Plover population (0.664, SE
50.057) and estimates from other regions
and closely related species prompted us

We used published data plus three
additional years of band resightings, data
from banded juveniles, and a new
modeling approach to estimate local
annual survival rates of adults and

Adult and juvenile Piping Plovers were captured and color-banded at JWP nesting sites in
1984-1987 and 1985-1987. We resighted 97 adults 189 times and 26 juveniles 40 times.
Observed band loss was similar between the two resighting periods (1984-1990: 12%, n =
221 resightings [includes resightings of birds missing $1 band, which do not appear in Table
1]; 1992-1994: 8%, n =37, x2 = 0.43,df =1, P = 0.5).
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survival is probably higher, mostly due to
unknown but likely high dispersal rates.
When plovers banded as juveniles were
>1 yr old their local survival was 0.766 (SE
=0.055).

to re-examine banding data for Great
Plains plovers. Mean adult survival was
0.737 (SE = 0.092), and the temporal
variance was 0.040-0.045.

immatures for a breeding site in central TABLE . Number of Piping Plovers <
North Dakota in 1984-1994. We

separated individual encounter histories
into three data sets: birds originally
banded as adults, birds originally banded
as juveniles, and both adults and juveniles
combined.

Ledee et al. 2010

Great Lakes

Survival varied substantially by year, with
strong evidence from both trend and fully
temporal models, declining from 1998 to
2006 (Fig. 1). In any given year, however,
the 95% Cl around the survival estimate
was large and overlapped broadly with
that in adjacent years (Fig. 1). From 1998
to 2006 survival averaged 0.755 (o =
0.051); we excluded the terminal survival
rate for 2007 from this overall average
because it was poorly estimated (52007 =
0.515, SE = 0.196).

Using a Barker model and 11 years of
mark—resighting data of breeding and
nonbreeding Piping Plovers (1998-2008),
we estimated true adult survival (S),
probability of detection of breeding birds
(p), probability of detection nonbreeding
birds (R), and site fidelity (F).

Plissner and Haig 2000a

General

The metapopulation viability analysis package, vortex, was used to examine viability and recovery objectives for piping plovers.

Roche et al. 2010b Not available in
endnote library.

Great Lakes

Leg bands are commonly used to mark shorebird chicks as young as 1-d old, but little is known about the possible impacts of bands on survival of prefledging shorebirds. We used a mark-recapture framework to assess the impact of bands and banding-related disturbance on
prefledging survival in a federally endangered population of Piping Plovers breeding in the Great Lakes region from 2000 to 2008. We banded approximately 96% of all surviving chicks hatched prior to fledging, typically between 5 and 15 d of age. We used a multistate
approach in program MARK whereby individuals contributed data as unbanded chicks before capture (N = 1073) and as banded chicks afterward (N = 780). The cumulative probability of surviving through 24 d of age was 0.63 and did not differ between banded and unbanded
chicks. In addition, we found a positive effect of banding-related disturbance on survival up to 3 d following banding (beta = 0.60 Cl: 0.17-1.02), possibly due to increased postbanding vigilance on the part of chicks and adults. Our results indicate that banding has no
detrimental effect on survival of Piping Plover chicks prior to fledging and that current capture and banding methods are appropriate for this endangered species.

Roche et al. 2010c

General

populations.

Average survival estimates were higher for Great Plains populations (range =
0.69-0.81) than for Great Lakes and Atlantic Coast populations (range = 0.56—
0.71). Linear trend models indicated that apparent survival declined in 4 out of 7
populations, was unchanged in 3, and was generally highest among Great Plains
populations. Based on a post hoc analysis, we found evidence of correlated
year-to-year fluctuations in annual survival among populations wintering
primarily along the southeastern United States Atlantic Coast and Gulf Coast.
Our results indicate shared overwintering or stopover sites may influence
annual variation in survival among geographically disparate breeding

We used long-term (1998-2008) mark—recapture data on piping plovers collected from 7 separate studies located throughout North
America to conduct a range-wide analysis of after hatch year apparent survival (¢anv). Our objectives were to compare concurrent survival
estimates from disparate breeding sites and determine whether estimates followed similar trends or were correlated among breeding
populations with shared wintering grounds. Our analysis included resighting data from 2,040 AHY (after hatch year) piping plovers,
including 451 from the Missouri River, 249 from Big Quill Lake, 216 from the Prairie Coteau, 333 from Lake Diefenbaker, 286 from the
Great Lakes, 435 from Atlantic Canada, and 70 from New York.

Root et al. 1992

North Dakota

Mean annual survival of adult Piping
Plovers in the Great Plains was 0.664 (SE =
0.057), slightly lower than that reported
for congeneric specie.

Survival was estimated for the Great Plains population of the threatened/endangered Piping Plover from resightings of 352 (214 adult, 138
juvenile) uniquely color-banded individuals in 1984-1990. One hundred one (47.2%) adults (for a total of 166 resightings, > 1
location/bird/year) and 19 (13.8%) juveniles returned to the North Dakota study site in years after banding. Low return rates of juveniles
precluded estimation of survival for that age class.

Tasik 1. Program JOLLY capture-recapeure input data (Leslie Method B Table format,
Brownie et al. 1986) for 214 aduli Piping Plovers at the John E. Williams Memorial
Nature Preserve, North Dakota, 1984-19%0. Entries show the number of plovers

resighted in year § that were last resighted in year o

Year Las: Year resighted ()

resighted (1) 1984 1985 1986 1987 1988 1989 1990
19684 0 ] 1 L] 0 0 0
1985 o 16 12 L3 0 0
1986 0 51 4 3 1
1987 [} 0 L] 3
1988 0 15 5
1989 ] ]
Resighied o 3 17 63 40 26 17
Capured 8 55 m 29 10 1 0

A20




Reference

Location

Nest Survival

1 Winter Survival

Adult Survival

Study Design

Sample Size

Ryan et al. 1993

North Dakota

Table 2. Reproductive and survival rates necessary for
stabilization and growth of the Great Plains Piping Plover

Table 1. Means of Great Plains Flover raie,

adubt survival rate, and four bevels of immatare survival raie ssed

in pop with projected times.
Adult Irmmature Years to

Reproductive stervival strvival

rate or survival rates alternately

FUF with L3
held constant (dashes within columns).

rate (X = SE)* (X +SEf° (% = SEF  (min-max)’

Chicks fledged Adult Immature
0862009 066006 0-26 x gg ;:,‘{ig:_’_‘r) Population per pair survival survival
Denx006 miiecios  Status (% increase) (% increase) (% increase)
066006 120(36-148) g 086 0.66 060
ot commimtcation, Wient & Cutbber 1984 Woyte 1985, Wios | le L13GL4)
Commun, ] 3
1986, Hag 1987 Halg & Oving [967, Prindisille Gaines & Ryan  Stable 0.72(8.7) 0.65(8.7)
[, Sctaibac mgt’;zum;m 1991 1% Growth 1.16(34.8) e —
 Source Root et al 1952 . 1% Growth — 0.73(9.6) 0.66(9.7)
e oma eeptamaion, T 100 Of Sl TS oo Growth 1,19 (38.4) — —_
“w the toe = 0 based on
¥l i the it yar e mean populaton e = 0 berd o0 2% Growth  —— 074(10.7)  067(109)
of the 500 replications = @ macximum i first year alf 300 PG a Recent population decline = 7.6%; see Table 1 for sources

Aron 2005

Upper Missouri River

31.8% (Larson et al. 2000) 50.7-63.4%
(Gaines and Ryan 1988)

63.4 to 73.7% (Larson et al. 2000, Root et
al. 1992, Gaines and Ryan 1988)

Citing other studies

Catlin et al. 2011a

Upper Missouri River

Overall, our survival estimates were comparable to those from
other piping plover studies throughout the species’ range
(fledging probability = 0.02-0.78).

In 2008, 5 adult owls were captured on 5
of 6 sandbars, and in 2009 6 adult owls
were captured on 4 of 5 sandbars (3 owls
on one sandbar and 1 owl on each of 3
other sandbars. No statement on number
of owls living on each sandbar or the
number of chicks taken by owls.

We used only those chicks that were from nests with a known hatch date so that we could
accurately determine age (n = 431 chicks).

2008 - N = 222 piping plover chicks and 5 great-horned owls captured.

2009 - N = 209 piping plover chicks and 6 great-horned owls captured.

Le Fer et al. 2008a

Missouri River

There was no relationship between chick
daily survival rates and invertebrate
numbers or biomass, Coleoptera biomass,
or biomass consumption index (Spearman
rank correlation, invertebrate no.: rs = -
0.09, P = 0.4, n = 90; invertebrate
biomass: rs =-0.15, P = 0.16, n = 90;
Coleoptera biomass:

rs=-0.05, P = 0.61, n = 90; biomass
consumption index: rs=0.1,P=0.4,n=
67).

We studied plovers on 3 stretches of the
Missouri River (2 riverine and one
reservoir) and in the alkali wetlands of
North Dakota from 2001 to 2003.

Table 4. Piping plover mean chick daily survival rates = standard error in
North and South Dakota, USA, 2001-2003. Results of 2-way analyses of
variance comparing daily survival rates among sites. Sample size is the

number of broods.
Site n i SE
Allaali 23 0932 AB® 0.024
Hypolimneric 22 0.985 A 0.005
Epilimnetc 29 0853 B 0.042
Reservoir 20 0923 AB 0.025
* Site: Fygq=3.25, P=003; yr: Fy 9 =0.01, P=0.99 site X yr: Fy 94
0.97, P=045.
* Sites with the same letter are not significantly different (a2 = 0.05).

Murphy et al. 2003b

Great Plains and Great Lakes

Table 1. Predation on adult Piping Plovers at predator exclosure cages at alkali lakes in five areas across the north-

ern Great Plains during 1993-200:
ber of applications of cages (N_).

wmber of applications of cages at which plovers were killed (N ) and total num-

Hanna Reflex Lakes Stateline Lostwood Williams Preserve

Year N, M. Ny N Ny N.. Ny N My Neo
1993 0 8

1994 0 9

1995 1 20 0 2 [ 30 0 9
1996 0 17 0 21 10 51

1997 1 15 0 35 0 16 3 15
1998 0 12 3 28 0 18} 0 114 L] L2
1999 13 27 14 1l 0 103 11 125 0 3
2000 0 1 1 a5 1] 10 0 56 0 25
2001 0 75 1 T8 0 11
2002 0 73 1 5 0 1]
Total 13 13 23 156 0 395 23 573 9 190

Roche et al. 2010a

Great Lakes

Banded birds from 1992-2008. All nests have predator exclosures. In 2008, the detection probability for breeding individuals was > 0.90
during each 10-day period from mid-May through early July.

Roche et al. 2008

Great Lakes

Model based estimates:

Banded birds from 1992-2008

Sidle et al. 1992 Platte River Extremely high flows between modal nest e e i e e L T T
initiation dates and modal fledging dates N Blore o 5 M M Tt DT
X e Forst Pl H_--i_ﬂ_ _r:--u_m_ _In\:t_n_l:._dm_ _I\:-ﬁ-l .\nl v
(6 weeks later) are likely to cause severe o Lo tee L oo oo
mortality. me e s pm mo w um

LT C——————

v Mosel

-l
scess tiver e 26) aned ocoeered i
The sevmnd flooe Rllesd o8 ik oo o

Gaines and Ryan 1988

North Dakota

We used limited data on band resightings (n = 64) from this study and from Saskatchewan (Whyte 1985) and Minnesota (Wiens 1986) to calculate a minimum adult annual survival rate
of 0.634. Juvenile piping plovers disperse widely, and band sightings (and therefore survival rate data) are lacking. Therefore, we used values of piping plover juvenile survival ranging
from 80 to 100% of adult annual survival (0.507-0.634) in our calculations.

A21




Reference

Location

Nest Survival

1 Winter Survival

Adult Survival

Study Design

Sample Size

Barber et al. 2010

Northeast Canada

Significantly more exclosed (36/183) than nonexclosed nests (19/301) were abandoned (19.7% vs 6.3%, respectively; Chi-square, df = 1, P < 0.0001) and they had significantly more adult
mortality, including predation on adults, associated with them (16/183 vs 2/301; 8.7% vs 0.7% respectively, Fisher’s Exact Test: P < 0.0001).

Catlin et al. 2011b

Upper Missouri River

Nests on engineered sandbars had a 2.5-fold higher DSR than those on natural sandbars (log-odds ratio: 2.50, 95% Cl: 1.05-5.94), but nests on managed sandbars showed no difference from natural sandbars (log-odds ratio: 0.82, 95% Cl 0.42—-1.64). The model-averaged
predicted DSR for natural sandbars on the median date in the dataset was 0.98 (95% Cl: 0.80—-1.00) and for engineered sandbars was 0.99 (95% Cl: 0.88—1.00), leading to mean nest successes of 47% and 66%, respectively.

Table 2. Raw nest suc

successful nests did

ri River dusing the 2005

es disppeared with

2007 nesting seasons. Known successful neses had >1 chick assoaated w
2 days of the projected harch date. Failed nests did not have chicks assocar

the nest or the parents of the nest, Possibly
b the new o adults nd disappeared cunide

Known sucoessful

Passibly successful Failed predation

Failed abandoned

Failed flooding Failed ather™

Failed unknown

Yr Habitar vpe  Torwl nests " % n bl " % " % " L) " B "
2005 Natural 76 8 0.5 [ 79 3 9 (] 00 (V] 0.0 s
Managed L' 12 2 5.6 2 il 2 & 0 00 0 00 8
En red 71 32 2 28 0 04 2 28 1 14 5 0 J
2006 a7 14 1 21 7 149 5 106 9 191 0 00 n
31 T 1 12 ] 58 3 97 1 12 0 00 n -
7 B4 1 1 2 L 13 102 1] 0.0 4 31 X 157
2007 M 21 T 13.0 14 259 A7 [ 111 1 19 3 i
Managed 16 6 4 5.0 250 1 63 (1] 0.0 0 0.0 1 3
Engincered 141 B0 8 7 2 20.6 12 85 i 21 1 or 8 T
Tomnl 599 1] a7 [ 82 13.7 43 7 20 i3 11 18 w 162
* Indudes bank erodon, weather events, and nets steppad on by recanhers
¥ Change in prote » more fiilures classified as predarion. 1f eggrs were mi before the harch date and none of the other causes of faihure were implicated, we concluded that predation was the cise of faidure. The
other frequent causes of nest loss, abandonment and flooding, were obvious o chservers. Many of the unknown nest losses from 2005 and 2006 were probably 2 a result of predation.

Elias et al. 2000

East coast US

Estimated survival from hatching to fledging for three different habitats.

Wemmer et al. 2001

Great Lakes

Table 1

Survival estimates for piping plovers

Survival rate Adult Fledgling-age |
Empirical for Michigan® 0.73 0.24-0.312
Average other sources® 0.74 0.32-0.34

Min all sources 0.64 0.17

Max all sources 0,94 0.48

* Wemmer, unpublished data.

P Loegering (1992), Root et al. (1992), Wiens (1986), Cross,

Maclvor, in USFWS (1996).

Habitat based population model

14 years (1984-1997) of monitoring data and 6 years (1993-1998) of banding data

Cohen et al. 2009

East coast US

Catlin 2009

Upper Missouri River

Juvenile survival was negatively related to nesting
density on relatively densely populated, newly created
sandbars, and positively related to density on the less
dense, natural sandbars. We found no evidence of
density-dependent adult survival within our study area.

1 -
y=026960+ 01464
08 V=017 06397

Page 85/106,
see nest density for definition

Page 82/106

Site selected for specific characteristics.
Band/re-siting data

Banded 357 adults and 685 chicks

Johnson et al. 1997

Great Plains and Great Lakes

immature (0.60) survival rates

Root et al. (1992) estimated adult
survivorship for piping plovers in North
Dakota to be 0.66.

Hunt et al. 2013

Upper Missouri River

Estimates of daily survival rate (¢) for
chicks in the two treatments did not differ
(dsingle-capture = 0.984 + 0.006,
dmultiple-capture = 0.985 + 0.006).
Similar to previous studies, we found little
evidence of increased prefledge mortality
associated with frequent handling of
Piping Plover chicks.

Lewis and Clark Lake

We evaluated the potential for increased mortality related to frequent handling of chicks
with an experiment that compared the survival of chicks handled a single time for banding (N
= 48) to chicks handled repeatedly from hatch to fledge (N = 50) during the 2010 breeding
season.

McGowan et al. 2014

Great Plains

Overall mean juvenile survival was set at
0.52 (SE = 0.12) and was based on
unpublished analyses of mark recapture
data (D. Catlin, unpublished data) and is
similar to published values from
Saskatchewan at 0.57 (SE 0.05; Cohen and
Gratto-Trevor, 2011).

Overall mean adult survival was set at
0.78 (SE = 0.03) and was based on
unpublished (D. Catlin, unpublished data)
and published estimates (Larson et al.,
2000; Cohen and Gratto-Trevor, 2011;
Roche et al., 2010)

Modeled probabilities of extinction.

Brudney et al. 2013

Great Lakes

Average daily survival rates of chicks increased from hatch until fledging (~23 days of
age), but this pattern exhibited substantial variation among breeding sites and years.
Average (+ SE) survival to fledging age was 0.556 + 0.011. Survival declined with
hatching date (28 May-25 July). Survival of chicks was reduced by heavy rain (>1 cm)
during the first 3 days of life, but <10% of broods were affected. Chick survival
decreased with proximity of nests to trees. Because broods that hatched earlier in the

We used a 20-year database (1992-2011) of brood monitoring histories to examine factors that affect Piping Plover chick survival in the
Great Lakes population. Our objectives were to (1) estimate age- specific survival of Piping Plover chicks from hatching to fledging age (~23
days old); (2) document annual and spatial variation in survival among years and breeding locations; and (3) examine the importance of
weather, hatch date, and nest-site characteristics on chick survival. We evaluated rates and potential causes of mortality for 2,143 chicks
from 597 broods at 31 separate breeding sites.
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Location

Nest Survival | 1 Winter Survival Adult Survival Study Design Sample Size
season had higher survival, management efforts should be focused on finding and
protecting nests of early breeding pairs.
1.00
0.99
@
® 008
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c
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0.93
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Chick age (days)
hc. 2. Daily survival rates of Piping Plover chicks from 1 to 23 days of
age in the Great Lakes region, 1992-2011. Individual points denoted by
“x" represent daily survival rates under the fully age-dependent model
S o with their associated 85% confidence imtervals (Cls), filled
squares are from the three-stage model 5, o 5, and the curvilinear
line represents the logistic regression model: logit S, + B, *age, where
B, = 2.948 (85% C1: 2.868-3.028) and B, = 0.067 (85% CI: 0.059-0.075)

Loegering, J. P. 1992. Piping Plover breeding biology, foraging ecology and behavior on Assateague Island National Seashore, Maryland. M.S. thesis, Virginia Polytechnic Institute and State University, Blacksburg, VA.
U. S. Fish and Wildlife Service (USFWS). 1996 Piping Plover (Charadrius melodus), Atlantic Coast Population, Revised Recovery Plan, Hadley, MA.

Whyte, A.J. 1985. Breeding ecology of the piping plover (Charadrius melodus) in central Saskatchewan. M.S. Thesis, Univ. Saskatchewan, Saskatoon. 126pp.

Wiens,T. P. 1986. Nest-site tenacity and mate retention in the piping plover (Charadriusm elodus).Thesis, University of Minnesota, St. Paul, USA.

ISite Fidelity, Inmigration, and Emigration

Reference

Location

Findings

Gratto-Trevor et al. 2012

Gulf coast

Resightings of uniquely marked birds from 2001 to 2008 were used to determine winter distributions of 4 breeding populations of piping plover. Very few large-scale movements of individuals in winter were reported either within or between years. This study highlights the significance of geographic
regions for eastern Canada, the United States Great Lakes, the United States Great Plains, and Prairie Canada populations, and demonstrates relatively high winter site fidelity. The vast majority (97%) of birds remained in the same region, often at the same beach. Within some regions, however,
there was local movement (up to 10 km). For example, marked plovers were recorded on bay and gulf shorelines in southern Texas, depending on the suitability of each habitat, where water levels are affected by tidal cycle as well as by wind direction and intensity. For birds originating from Prairie
Canada, of 160 birds observed more than once in a single winter, only 4 cases of movements between regions were noted (2%). Approximately 14 movements (9%) were noted within regions, usually among sites in northern Texas. Considering birds from the Great Plains, 2 of 83 birds (2%) seen more
than once in a single winter moved between winter regions, and both probably represented migration. For birds originating in eastern Canada, 16 individuals were seen on more than 1 occasion during a single winter, and none moved among regions. The majority were resighted at the same beach
throughout the winter or <10 km away, whereas 4 birds (25%) moved 18-52 km. Of 150 Prairie Canada individuals observed in 2 or more years, movements among regions were reported only 6 times (4%). Of 59 birds marked in the Great Plains that were seen in different winters, 2 were observed in
different regions (3%).

Table 1. Musding becations sud il 3 ety ol mahedl, o pach broading popleien. Table 2. Percentage of individually marked pig neach breeding population cbserved in different wintering aress along the esst coast of the Unired
States and ing up i December 2008
No. chicks No. sdults o adults 20 - -
Becxding Years af umicquely uniquely vesighted  population e (N of piping plivers Bom & breeding loc differcnt wintcring an
population marking color marcked  colormarked i winsor® extimarc” Winter urea Fastern Canmds Cireat Lakes
Easstern Canada 1998303 %9 24 12 5T 0 20} 19 e ]
) (16} 56 (B4 7
o 7 i1 th n () 19 (29 14
L1% #51 5 h and Alsbama 0 (i 4 i#) 8

255 2

asualyses, pacep % i et lace Methods) nd Mexico o

Cirear | e marked

Haig and Oring 1988a

Great plains Canada

Individually marked Piping Plovers were studied from 1981-1987 in Manitoba and Minnesota relative to dispersal patterns of age and sex classes. Dispersal distances did not differ between the sexes.

Tamel Dinpomsl of brending Fiping Fioven berwses yam®

S =
P L . [—
Toutiosn Musts e amadetarye Ray | ahe Wlanibabe Shory Bearh Labe Mismse
. Lk
o o M et =
Si——. b ey, L Mansssba
Take Winaipeg
Ve arme Toent S Lake T L Bosch, Like Wonmipey 3
Lo W o Vet 1T 0 N [PRRES—— - Sundy vk

Mew Yk e P—

et

Haig and Oring 1988b

Great plains Canada

Breeding-site fidelity, territory retention, and mate fidelity were examined in a color-banded population of piping plovers breeding at five focal sites in southern Manitoba from 1981 to 1986. Between years approximately 70% of surviving adults were site faithful. Males did not return significantly
more often than females, and both sexes returned regardless of previous reproductive success. Although former mates were present in subsequent years, 30 of 37 birds changed mates. Birds that changed mates from the previous year and whose mates were present in subsequent years had
experienced poorer hatching success the previous season than those that retained mates. Birds that retained mates did not improve their reproductive success over the previous year. Five pairs that switched mates took approximately 13 +6.4 days to initiate a new clutch; 11 pairs that remained
together took 8.3 + 1.5 days. Hatching success in second nests where birds retained mates (n = 26) was 42.3%, slightly higher than success for birds that changed mates (35.7% nests produced hatchlings, n = 16). Birds that retained mates were significantly more successful in fledging chicks than birds
that chose new mates (X* = 11.6, 1 df, P < 0.005).

TasLe 1. Annual individual reproductive effort of = .
Piping Plovers breeding in southern Manitoba,  Fiowen .-':.."u.‘.'.-':«,. snd st Shoul Labey

iboba, 92 - 198! s " . " M . amr Irvieryes I ereito en i i
1982-1985. I TaBLE 3. Breeding-site fidelity of Piping Plovers in . 5y Fiiven veeding n sostbes son. TABLE 5. Compatisan of previous hatching success
Wost Shoal  Lake southern Manitok 1ous vear's ducti s, 19831985, . amang Piping Plovers that retained territories in

Like  Mansoba  Tousl naby p ¥ ssceciisin- southurn Manitoba with those that changed terri
n  Mean Range SD T RN TN 1N success. Sdmlple sizes (in parentheses) are the num- dilrsnces btmees mules 54 {ories. Sample sizes (in panentheses)are the number
o o z » ber of individuals monitored. . of individuals monitored
No. of mates 71 1.3 0-2 05 e - = e foe O -
) ; Fatsesn. L L) = P hat hatched chick
No. of pests &0 1.6 0-3 0.6 (n'.;‘:;::.m per: Previous Percentage return ::M_—.,.d mair Tian T e !m":;s;r:vi;u:l;nr‘ -
(E:ghgls;m:ftf:z;le ;g ?g g_iz ]23 N v o e Success Males Females  Overall  Clasged nure ” ;b;:.,:-.w;l::l ;:le Pattern Males  Females Combined
icks hatcl . - . peer 2 I 17 Kept vy 47 i Al ) 00042 375
; Chicks hatched 733 (15) 545(11) 654 (26)  wpmme 7 Fapt errory S e e
- Perorsita oty
Chicks fledged 94 0.9 0-4 1.4 e— ) Nests failed 765(17) 57.1(14) 677 (31)  Dummweny 4rm war sony Chnged temitory M4()  3302) 381e0
iy chicks s 200 s Kept terrivory =1 L L + Eherersces within s weer not sigeSicant (P 5 0.65)

Tapsgé. Intrayear mate and territory fidelity of Pip- N . .
ing Plovers breeding in southern Manitoba, 1542-  TABLE 7. Intrayear pair-bond retention following

1985. Sample sizes {in parentheses) are number of destruction of Piping Flover nests in southern
individuals monitored. Manitoba, 1982-1985.*
“Males  Females Overall Pair bond
% %) % —_—
Pattern ) ! i Dissolved Persisted

Changed territory 636 (22) 708 (24) 64.7 (46) Year (%) (%) "

Changed mate 407 (27)  I80(25) 3.6(52)

Changed mate 1982 583 4.7 12
Changed territory  62.5 (8) 100 {15) B88.9(27) 1983 333 667 &
Kept territory 75 00 1.1 1984 429 57.1 14

Kept mate 1985 15.0 B85.0 20
Changed territery  62.5(16) 625 (16) 62.5(32) 1982-1985 3.6 654 52

375 75 375
- s ——— * Data ropresent pairs im which at least one member of pair renessed
sk rompuin follwing mask fillurs or & stady site in Manitob.
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Hillman et al. 2012

Great Lakes

More than 7,000 Piping Plovers have been banded and monitored since 1982, yet no individual marked as a hatchling or breeding adult in the range of one subspecies has been reported breeding in the range of the other. Recent molecular genetic analyses further support subspecific taxonomic
classification of Atlantic and Interior breeding populations. On 22 May 2011, a banded Piping Plover and unbanded mate were observed nesting on North Core Banks, Cape Lookout National Seashore, North Carolina, USA. The uniquely-banded adult was a female captured as a chick at Wasaga Beach,
Georgian Bay, Ontario, Canada; the female nested unsuccessfully in its first breeding year at Tawas Point State Park, Michigan, USA and then successfully fledged two chicks in its second breeding year at North Core Banks, North Carolina, USA. The observation is the first confirmed record of a Piping

Plover dispersing from its subspecies’ range and successfully breeding in the range of the other subspecies.

Knetter et al. 2001

North Dakota

During July 1998, 4 juvenile plovers fitted with radio-transmitters departed their natal areas, on alkali lakes, in northwestern North Dakota when 24-25 days old. Only 2 were observed again and had moved 50 km southeast and south respectively. They moved again by the following day and could not
be relocated. Juveniles may migrate significant distances from natal areas within 3-4 days of attaining flight.

Stucker et al. 2010

Great Lakes

Between 1995 and fall 2005, we obtained 434 observations of banded plovers sighted during migration or winter. We were highly confident of the identity of 154 individuals (x— = 3.1 + 3.9 observations (+SD), range 1-31 observations). Among these 154 birds, we also confirmed 51 pairs and 45
parent-offspring combinations. Observations were categorized into three seasons as follows: fall migration (n = 152), winter (n = 219) and spring migration (n = 63). Eighty-five plovers were observed during one non-breeding season (e.g. fall 1998 through spring 1999) and the remaining 69 individuals
were observed 22 non-breeding seasons (mean = 2.6 + 0.97 nonbreeding seasons (SD)). Of 63 individuals observed recurrently, 33 (52%) exhibited intra-seasonal winter site fidelity, with two or more sightings reported within 3.5 km of initial and subsequent geographic locations within a winter
season. Among those 63 individuals, 53 (84%) were documented in subsequent winter seasons, with 30 individuals (62%) identified as inter-annually site faithful in 2-7 winter seasons following their initial observation (x bar = 2.6 £ 0.97 winters (SD)). Moreover, 91% of intra-seasonal site faithful birds

were also interannually site faithful.

Cohen et al. 2006

East coast US

We captured and marked 66 nesting adult Piping Plovers from 2001 to 2005. In addition, 43 banded chicks fledged and 5 of those entered our sample of breeding adults in a subsequent year. Assuming that the probability of observing an animal before it died (R’) of 0.025, apparent survival rate (S),
site fidelity (F ), and resighting rates of adult Piping Plovers at West Hampton Dunes and Westhampton Beach for 2002-2004 were (mean SE) 0.70 + 0.03, 0.83 + 0.07, and 0.97 + 0.01, respectively.

Table 1. Number of adult Piping Plovers caprured and number of resighrings ar West Hampron Dunes and .I
Westhampton Beach, Long Island, NY, from 2001 to 2005.

New New Breeders Nonbreeders Nonbreeders Toval

Year captures’ recruits” resighted' resighted missed population’
2001 36 1] 0 0 o 36
2002 14 0 26 1 o 41
2003 16 3 21 10 o 50
2004 1] 1 24 [ 2 33
2005 o 1 [ [ — 13

‘Number of birds trapped on the nest and marked in year 7.

*Number of birds marked as chicks prior to year 7 that nested at our site for the first time in year 7.

Number of marked birds breeding ar our site in year i thar were marked prior to year / and nested ar our
site in year § — 1.

‘NMumber of marked birds resighted in year 7 thar did not breed at our site in year 7, were marked prior to
year £, and bred ar the site in ar least one year prior to year 7.

Number of marked birds not resighted in year 7 bur resighted in ar least 1 year after year ¢ that were
marked prior to year /, and bred ar the site in at least 1 year prior vo year i.

Total number of marked birds known to be in the population in year /.

Site fidelity during the period of territory establishment averaged 0.827 + 0.069 (SE). Given this high site fidelity, ensuring the survival of adults is important for maintaining local populations. Although the 2002—2004 average was high, site fidelity was apparently lower in 2003 than in 2002. This
decrease in site fidelity may have been related to several years of habitat loss and increasing predation of nests or chicks, as reported in a partly concurrent long-term study at our site. The species-level effect of local dispersal due to anthropogenic habitat loss depends on the fitness of dispersers, and

is currently unknown for Piping Plovers.

Cohen and Gratto-Trevor 2011

Great plains Canada

Average adult and subadult site fidelity
5 o,

T

Parameter

Adul = AHY, Subadult = Hedee to second year,

Ledee et al. 2010

Great Lakes

We obtained encounter histories for 150 (82 females, 68 males) AHY Piping Plovers uniquely marked at the Great Lakes from the breeding season of 1998 through the winter of 2007-2008. These 150 birds were resighted 324 times in the breeding season (x™ = 2.2, SD = 2.1 detections per bird) and
147 times in the nonbreeding season (x™ = 1.0, SD = 1.2 detections per bird). Although resightings represent at least one live encounter on the occasion i, or in the interval i to | + 1, all breeding birds and >40% of all resighted wintering birds were encountered multiple times during each detection
period. The majority of winter resightings were from the southeastern Atlantic coast from Carteret County, North Carolina, to Miami-Dade County, Florida or the eastern coast of the Gulf of Mexico from Collier County, Florida, to Mobile County, Alabama. The birds’ fidelity to the area of the Great
Lakes in which they were monitored was high (x™ =0.91, 95% Cl 0.66—0.98), with evidence of an increase through time that we attribute to increased intensity of monitoring. Annual return of emigrants (F’) was 0.198 (SE = 0.118).

fidence intervals from Barker moc (F), marvival (5), and

FIGURE | Model-averaged parnmeter cstimates and 95% confid
nonbreeding detection probability (1) of Piping Plovers (n = 150) af the Great Lakes from 1998 1

Wiens and Cuthbert 1988

Minnesota

Distances between nests in successive years were not normally distributed with extremes of 0 to over 15,000 m; the median was 41 m (N = 31). Most (84%) of the movements were less than 200m and occurred within one breeding locality (e.g., Morris Point). Large extremes occurred when birds
nested at different localities in successive years. Comparing nest-site tenacity for birds that bred successfully to those that failed, the median year-to-year movement was 24 m and 297 m, respectively (Mann-Whiney U = 35, p = 0.12; excluding all birds that reunited).
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Roche et al. 2012

Great plains Canada

2. Movement ame

SASKATCREWAN

mber of interannual mov securred betwoen i

total interannual movements per transition
il Lake
ks Diefenbhader W

Origin

Mesman poshabila) fus

Destination Big Quill Lake Chaplin Lake Missouri Coteau Lake Diefenbaker

Big Quill Lake 154 (5% 2(1%) 2 (0.5 B(1%) ot Lt Cotens
140 (84% 6(1%) 57 (8"
2(1%) 198

'I|.|-I".. 22013%)

Chapdin Lake
Mis

B(1%
651 (90%

Chaplin Lake is ~¥80 km south of Lake Diefenbaker Our results support this “individual success” effect, suggesting that Piping Plovers were far more likely to move among the study areas following years of poor reproductive success (i.e., no chicks fledged) than following years of moderate reproductive
success (i.e., two chicks fledged). Moreover, Piping Plovers that experienced poor reproductive success during a flood year were even more likely to disperse in a subsequent year than following reproductive failure in a nonflood year.

Catlin 2009

Upper Missouri
River

Johnson et al. 1997

Great Plains and
Great Lakes

Following nest failure, most plover pairs remained intact but moved their territories (Haig and Oring 1988b). Breeding site fidelity for piping plovers ranges from 15% in Nova Scotia (Cairns 1977), to 70% in southern Manitoba (Haig and Oring 1988a), to 92% in Minnesota (Haig and Oring 1987).
Philopatry does not differ significantly between males and females (Haig and Dring 1988a), although males may return to previously used breeding sites slightly more often than females (Haig and Oring 1988a). Natal site-fidelity is lower than adult philopatry. The percentage of one-year-old plovers
returning to natal sites ranged from 4.7% in New York to 20.2% in Minnesota (Wilcox 1959, Wiens 1986). On the Platte River, 18% of plover chicks returned to their natal colonies to breed (Lingle 1993c).

Cairns, W.E. 1977. Breeding biology and behavior of the piping plover (Charadrius melodus) in southern Nova Scotia. MS Thesis, Dalhousie University.

Felio et al. 2010: Two birds banded in Nebraska (Light Blue Flag) were found nesting in the study area in June and July.

Haig, S.M. and L.W. Oring. 1987. Population studies of piping plovers at Lake of the Woods, Minnesota, 1982-87. The Loon 59:113-117.

Lingle. G.R. 1993c. Site fidelity and movements of least terns and piping plovers along the Platte River. Nebraska. Pp. 189-191 in K.F. Higgins and M.R. Brashier, eds., Proceedings. The Missouri River and its tributaries: Piping plover and least tern symposium. South Dakota State University, Brookings.
Wiens, T.P. 1986. Nest-site tenacity and mate retention in the piping plover. M.S. Thesis, U. of Minnesota, Duluth MN.

bverwintering Habitat

Reference

Location Findings

Haig et al. 2005

North America During the winter 2001 census, 2,389 piping plovers were observed at 33.5% of potentially occupied sites (n = 352). Of these, 56.8% had <10 birds present. More than 80% of sites with piping plovers present
had <10 birds.
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Haig and Oring 1985 North America Distributional data were gathered via direct censuses by the author and coordination of census data collected throughout North America between 1982 and 1984. In January 1983, all Texas coastal beaches

from Corpus Christi to Galveston were surveyed for potential winter sites. From January to April 1984, 1228 km of Gulf of Mexico beaches, sandflats, and mudflats were ground-surveyed from Campeche(
Mexico) to the Florida Keys for presence of Piping Plovers. An additional 960 km of coastal habitat, from Tampico to Matamoros( Mexico), were air-surveyed (for proper habitat) and later ground-censused
where access proved feasible. A census of all shorebirds was carried out in 742 km of the surveyed habitat deemed most productive for Piping Plovers. In November 1984, additional surveys and censuses
were carried out on beaches and tidal flats from Rio Lagartos to Campeche (Yucatan) and from Corpus Christi to Brownsville (Texas).

Tasie 2. Winter distribution and population estimate of Piping Plovers in the United Tasie 3. Ocourrence of Piping Plovers throughout their winter range ] A
States. Location Estimate Year Source ] P,
L 1\ *‘ {
_— Baharas Rare 1981 R. Noron*
State Estimate Year Barbados Rare 1984 M. Hume
Bermuda 6-a 1983 D. Wingate*
Alabama B0 1984 Dominican Republic Rare 1931 Wetmore and Swales 1931
Florida 135 1984 Cuba 10+ ::2
Georgia 15 1983 1 e
Louisiana 33 1984 |3| w :::‘: y
Mississippi 51 1984 204+ 1984 This study
North Carolina 100 1983 1 1983 Voous 1983
South Carolina 20 1984 Puerio Rico Rare 1983 Raffacle 1983 —in
Texas 400+ 1984 Virgn biands B2 im ) Ve
Total B34+ 1984 West Indies Rare 1982 R Norton®
* J. Fussell, pers. comm. e s i e e ot e
Haig and Plissner 1993 North America Over 1,000 biologists and volunteers from 10 nations collaborated in the 1991 International Piping Plover Census. Approximately 2,099 sites were censused yielding the highest number of breeding (5,482

adults) and wintering (3,45 1 birds) Piping Plovers ever recorded Most winter birds occurred in Texas (55%) and along other United States Gulf Coast sites (93%). Among winter birds, 5 1% used ocean beaches,
43% used sand or algal flats in protected bays, and 6% used areas where protected bays met ocean beaches. Breeding birds were widely distributed in small populations in the Northern Great Plains/Prairie
(63.2%) and on the Atlantic Coast (36%). Few birds (N = 39) remain on the Great Lakes. Habitat use among breeding birds varied considerably across the species range. While most Atlantic (93.9%) and Great
Lakes (100%) birds used sandy beaches, 59.6% of Northern Great Plains/Prairie birds used shorelines around small alkaline lakes, 18.2% used large reservoir beaches, 19.9% used river islands and adjacent sand
pits, 2% used beaches on large lakes, and 0.4% used industrial pond shorelines.
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Reference Location Findings
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Mexico Gulf T 1 4 Sada 3 Samad Eaviians -] 3
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s Y e [ Gtten o 3 i
Covman taands H i H Masden “'.::'ZE’Z‘." 'r'?il‘ o [
: — Y [ 8 i3
s %,mm.m...iﬁ."_'
7 =y i
R —_— — s us m
Lt 12:18 bhs] s Fts e HEIFRR
Ledee et al. 2008 Gulf coast The purpose of this study was to investigate the relationship between the distribution and abundance of the piping plover and its nonbreeding habitat along the Gulf of Mexico coastline. We identified sites
consistently used by wintering piping plovers and quantified landscape and anthropogenic features within a subset of those locations. Using published literature from 1871-2003, we documented that piping
plovers consistently winter at 49 locations on the U.S. Gulf of Mexico coast (Marco Island, Florida to Padre Island, Texas). At 31 sites, we conducted a remote analysis of aerial photos for 11 features (e.g.,
intertidal area, urban area, beach). Linear regression was used to test correlations between plover abundance and landscape characteristics. We found that certain shoreline features (e.g., landform, inter-tidal
area, total area) and measures of urbanization (e.g., urban area, length of roads) were significantly correlated, positively and negatively, respectively, with piping plover abundance across the Gulf of Mexico
coastline.
Drake et al. 2001 Gulf coast We radio-marked Piping Plovers wintering along the coast of southern Texas to determine seasonal variation in habitat use, movement patterns, amount of area used by individuals (home-range size and core
area), and survival rates during the nonbreeding period. We conducted our study on South Padre Island and on adjacent mainland tidal flats from Port Mansfield south to the Rio Grande River. South Padre
Island is bordered to the west by the hypersaline Laguna Madre and to the east by the Gulf of Mexico. Plovers remained within the southern Laguna Madre during fall, winter, or spring.
Gratto-Trevor et al. 2012 Gulf coast

Stucker et al. 2010

Resightings of uniquely marked birds from 2001 to 2008 were used to determine winter distributions of 4 breeding populations of piping plover. Although considerable overlap exists, a distinct pattern in
winter distributions was evident. Birds originating from eastern Canada wintered farthest north compared to other populations. Most individuals from the United States Great Lakes were found in South
Carolina and Georgia in winter, whereas birds from eastern Canada were found primarily in North Carolina. Although the great majority of birds marked in Prairie Canada were observed wintering in Texas,
particularly southern Texas, breeding plovers from the United States Great Plains were more widely distributed on the gulf coast from Florida to Texas.
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Population Trends through Time

piping plovers, or 2) contributed funds, equipment, or supplies to on-site protection efforts,

Reference Location Observed Trend Study Design
Calvert et al. 2006 Northeast Annual population censuses suggested moderate growth in abundance between 1998-2003, but vital rate estimates indicated that this temporary growth may be replaced by declines in the The endangered eastern Canadian breeding population of Piping Plover was estimated at only 444 adults in
Canada long term, both in southern Nova Scotia (As = 1.0043, As = 0.9263) and in the Gulf of St. Lawrence (A4 = 0.9651, As = 0.8214). 2005, and extensive effort has been invested in conservation activities, reproductive monitoring, and marking of
o o g e S gL 3 individual birds, providing a comprehensive data set on population dynamics since 1998. We used these data to
e bt build a matrix projection model for two Piping Plover population segments that nest in eastern Canada in order
to estimate both deterministic and stochastic rates of population growth (As and As, respectively).
Gratto-Trevor and Abbott 2011 | North Regional counts from the International Piping Plover Breeding Census during 1991, 1996, 2001, and 2006.
America
As noted, most regions measure the effectiveness of their conservations actions by achievement of productivity goals (number of chicks fledged per pair). However, fledging rates are subject
to several types of inaccuracies, including determining exactly what constitutes a “pair” (e.g., must it have a nest that has been found; whether renests are known and excluded from pair
calculations or not). Accurately assessing the number of chicks that have fledged from each nest may also be a problem, depending on vegetation, changes in brood habitat suitability, and
timing of brood visits versus fledging. For example, a recent study in Saskatchewan using individually marked chicks, showed that even with experienced personnel and in both large and small
alkali wetlands, chick fledging rates were underestimated by over 20%, on average, based on observations of “unfledged” chicks in subsequent years
Haig and Plissner 1993 North Change in status from previous censuses was difficult to determine. New populations were found in Montana, Colorado, and Saskatchewan, Canada; however, the distribution gap between Over 1,000 biologists and volunteers from 10 nations collaborated in the 1991 International Piping Plover
America Atlantic and Northern Great Plains/Prairie Piping Plover distribution grows as numbers decline in Minnesota; Manitoba, Canada; and the Great Lakes. Census. Approximately 2,099 sites were censused yielding the highest number of breeding (5,482 adults) and
TABLE 5. Changes in numbers of Piping Plovers at specific breeding areas wintering (3,45 1 birds) Piping Plovers ever recorded
o o T o % (hange % Chamge
Dute Date 1995 st est wad
Loubion ot ot It et Ind en Ind eat orzams 191 bl
Atlantic Coast
Newfoundland 1968 30 1984 4 7 72 +75
Cadden Beach, Nova Scotia 1976 s6 1983 2% 20 64 2
Maine 1976 48 1982 12 38 21 +217
Rhode Island 1945 80 1983 20 47 a1 138
Connecticul 1980 40 1983 34 &7 +68 +97
Long Island, New York 1930 1,000 1983 200 338 66 +69
New Jersey 1980 118 1983 64 280 4137 L3138
Delaware 1978 80 1984 18 10 KR 44
Maryland 1972 85 1984 2 35 9 +40
Cireat Lakes
Michigan 1979 17 1982 14 39 49 179
Wisconsin 1900 140 1983 6 1 - 55 -83
Northern Great Plains/Prairic
Big Quill Lake, Saskarchewan 1978 210 1984 186 151 28 19
Chain Lakes, Alberta 1976 50 n.a na 9 72 na
Lake Manitoba, Manitoba 1980 27 1984 9 3 89 67
Lake of the Woods, Minnesota 1982 44 1986 il 13 70 59
Niobrara River, Nebraska 1981 92 1983 100 110 +20 +10
E o i R
Hecht and Melvin 2009a Atlantic Table 1. Number of nonfederal cooperators, total number of sites occupied by United States Atlantic Coast breeding piping plovers, number of sites with We calculated expenditures and hours of staff and volunteer time dedicated to monitoring and managing the
coast <5 pairs, and percent breeding pairs at sites with <5 pairs, 2002. United States breeding population of Atlantic Coast piping plovers (Charadrius melodus) in 1993 and 2002 and
; - N ; X . considered implications for recovery of this management-dependent species. Using state reports to the USFWS,
No. nonfederal cooperators No. occupied breeding sites o " . L _ X . S .
— o breeding pairs at sites we tallied the total number of tabulated sites that supported breeding pairs in 2002, as well as the proportion of
State State agency Local government Private Total With <5 pairs with <5 pairs each state’s population that nested at sites with M5 breeding pairs. We counted the number of cooperators,
ME 2 2 7 20 17 7 defined as governmental agencies, nongovernmental organizations, or private landowners that 1) paid full- or
?II{ l 0 0 2 2 ‘g” part-time staff to monitor or protect piping plovers, or 2) contributed funds, equipment, or supplies to on-site
M/ 2 10 6 109 84 8 B )
RI . . 5 13 - 14 protection efforts in 2002.
2T 1 0 1 8 7 77
NY 2 7 4 84 64 35
NJ 2 3 1 28 18 29
DE 3 0 0 2 2 100
MD 1 0 0 1 0 0
VA 2 0 2 7 1 1
NC 2 1 2 7 6 35
All states 19 24 25 281 208 30
* State and local government agencies, nongovernmental organizations, or private landowners that 1) paid full- or part-time staff to monitor or protect

A27




Reference Location Observed Trend Study Design
Hecht and Melvin 2009b Atlantic Census totals more than doubled, from 790 pairs in 1986 to 1,749 pairs in 2006, concomitant with sustained intensive management. Population growth was greatest and most rapid in the Breeding pairs in the U.S. and Eastern Canada were censused annually from 1986 through 2006, and productivity
coast New England and New York-New Jersey recovery units, while increases were more modest in the Southern and Eastern Canada units. Periodic rapid declines in the Southern and Eastern (chicks fledged per breeding pair) was reported annually for varying proportions of the population.
Canada units raise concerns about long-term risks of extirpation. The Atlantic Coast population became less evenly distributed between 1989 and 2006, with the percentage of the population
breeding in New England increasing from 21.5% to 36.2% while declining proportionately in the other three recovery units. Overall productivity for the Atlantic Coast population 1989-2006
was 1.35 chicks fledged per pair (annual range = 1.16-1.54), and overall productivity within recovery units decreased with decreasing latitude: Eastern Canada = 1.61, New England = 1.44, New
York-New Jersey = 1.18, and Southern = 1.19. Within recovery units, annual productivity was variable and showed no sustained trends. There were significant, positive relationships between
productivity and population growth in the subsequent year for each of the three U.S. recovery units, but not for Eastern Canada. There was a latitudinal trend in predictions of annual
productivity needed to support stationary populations ( A = 1.0) within recovery units, increasing from 0.93 chicks fledged per pair in the Southern unit to 1.44 in Eastern Canada.
bociedot i s et i i ronl e
McGowan et al. 2011 Missouri Using a two-stage population model (that annually split the population into three habitat types in order to
River 1 Low survival, no density isolate the habitat where take was permitted) for piping plovers in the Great Plains, we found that when the
g " Spindthis 7 population is in rapid decline or when there is no density dependence, the probability of quasi-extinction
g 12 B m’;:':"- wi daralty o increased linearly with increasing take. However, when the population is near stability and subject to density-
20 v s e e dependent survival, there was no relationship between quasi-extinction probability and take rates. We note
; i ::,.n.;.r...' i however, that a brief examination of piping plover demography and annual cycles suggests little room for
5 d s g rvival, e/ gty L compensatory capacity. We argue that a population’s capacity for demographic compensation of incidental take
" dependence e eeesmmeseas P should be evaluated when considering incidental allowances because compensation is the only mechanism
E ) whereby a population can absorb the negative effects of take without incurring a reduction in the probability of
* 2 : survival in the wild. With many endangered species there is probably little known about density dependence and
0 g - : . - : . compensatory capacity.
o 2 4 1] L ] 10 12 14
Percent of eggs taken
HAg. 2. The smulated percent decline in median abundance at 30 years, relative to
the no-take scenario, under 05 (baseline), 2%, 4%, 6%, 8%, 10%, 12% and 14% of eggs
inddentally taken for piping plovers in the Great Plains, with low or high adult
survival, and with or without density-dependent juvenile survival.
Plissner and Haig 2000b General et o At ot piping plaves mctapore . The metapopulation viability analysis package, vortex, was used to examine viability and recovery objectives for

Table 3

Pop
Results of Grent Lakes Great Plains Prasne baschne model

Athintic metapopulation  Athntic Canada  New England  Mid-Atlantic  Southern Region

Metapopulation  Grewt Lakes  Manioba and

N Misoun River Nebraka  Colorado
Rake of the Woads v

1000
729,11
0,006

and Colrau

1.000 1000 1000 1000
s 29.07 447 £ 8.8 750 & 1468 0L 1389 5325955
0022 0,000 0014 0021

-0 Tahle §
s
g Persstence and wae of Great Lakes Great Plains populations at reproductive success (RS) = 1.7 and RS =20
RS = 1.7 fledged per pair RS= 2.0 fiedged per pair
a Population Probability of surival for Mean final Probability of mrvival Mean final
a 100 years (SE) popuanon wse® (SE) for 100 years (SE) population axe* (SE)
A Metapopulation 0958 (0,009) 69454 (40,35) 0,958 (0,002} 2398, 77 (T291)
i o “ *s Gireat Lakes 0328 (0.021) B4.73 (T.02) 0,798 (0.018) 181,01 (500}
O- 18 CHRY Loy .. Manitoba and Lake of the Woods BH70 (0.015) 14,08 (3,95) 0.9% (1,007 185,10 (3.26)
e - - + . - _— Misoun: River Cotean 0904 (0.013) 41723 (M.69) 0.99% (0.002) 167119 (66.91)
. = - - - - Platte River, NE 0884 (0.014) 17188 (7.32) 0,998 {0.007) 366,43 (660}
s Colomdo 0755 (0.019) 23,44 (0.64) 0,952 (0.006) 12.06 (0.44)
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piping plovers.
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Reference Location Observed Trend Study Design
Haig et al. 2005 North Results indicated an 8.4% increase from 1991 but only a 0.2% increase since 1996. Regional trends suggest that since 1991, number of breeding birds increased on the Atlantic Coast by 78% Censuses were conducted during 2 periods, corresponding to mid-winter and mid-breeding seasons. The
America (2,920 birds; 12.4% increase since 1996) and by 80% in the Great Lakes (72 birds; 50% increase since 1996). However, plovers declined 15% (2,953 birds; 10% decline since 1996) in Prairie breeding census was conducted from 3 to 16 June 2001 for all regions except the U.S. Atlantic, which was
Canada/U.S. northern Great Plains. Subregional trends since 1991 reflect a 32.4% decline in Prairie Canada (972 birds; 42.4% decline since 1996), a 2.5% decline in the U.S. northern Great completed from 26 May through 3 June. The breeding census recorded 5,945 adults at 777 of 1,892 sites
Plains (1,981 birds; 24% increase since 1996), 5.5% decline in eastern Canada (481 birds; 14% increase since 1996), although a 66.2% increase on the U.S. Atlantic Coast (2,430 birds; 12% since | surveyed.
1996). While numbers were down in much of the U.S. northern Great Plains since 1996, an increase (460%, 1,048 birds; 67.7% increase since 1991) was detected on the Missouri River.
E
gos
: 04
§o:
E 0.1 = |
QRN
Haig and Oring 1985 North s et Distributional data were gathered via direct censuses by the author and coordination of census data collected
America throughout North America between 1982 and 1984. Since there are no population estimates for the species
prior to this paper, it is impossible to quantify a comprehensive increase or decrease in numbers of Piping
Plovers.
Plissner and Haig 2000a General Baseline models indicate that while Atlantic Coast populations, under current management practices, are at little risk of near-term extinction, Great Plains and Great Lakes populations require | The metapopulation viability analysis package, vortex, was used to examine viability and recovery objectives for
36% higher mean fecundity for a significant probability of persisting for the next 100 years. piping plovers. Reproductive success was operationally defined as the number of fledged young per pair and
o e e i i e - was derived for each population from annual productivity estimates (Atlantic Coast, 1991-1995, Table 1) and
= - - various local studies (Great Lakes and Great Plains, Table 2). Mean overall baseline productivity for the Atlantic
metapopulation was 1.37 fledglings per pair and 1.25 fledglings per pair for Great Lakes and Great Plains piping
: 2 plovers. Based on similarity of habitat types, environmental variance in reproductive success on the Great Lakes
and Atlantic coast was based on a coefficient of variation of 0.4, used for earlier Atlantic Coast models. Slightly
! higher variance, CV of 0.5 was used for the Great Plains populations, where habitats are more variable.
b . f-lag=
Roche et al. 2010c General We used long-term (1998-2008) mark—recapture data on piping plovers collected from 7 separate studies
. located throughout North America to conduct a range-wide analysis of after hatch year apparent survival (dany).
1 M Our objectives were to compare concurrent survival estimates from disparate breeding sites and determine
' Ti"‘-“—‘—-é:.:::___‘— \/ whether estimates followed similar trends or were correlated among breeding populations with shared
K | A , By . wintering grounds. Our analysis included resighting data from 2,040 AHY (after hatch year) piping plovers,
: N w including 451 from the Missouri River, 249 from Big Quill Lake, 216 from the Prairie Coteau, 333 from Lake
- ! A ¢ 1§ Diefenbaker, 286 from the Great Lakes, 435 from Atlantic Canada, and 70 from New York.
¥r
Muswun Hover
Root et al. 1992 North Since then the Great Plains population has continued to decline, from an estimated 1500 pairs in 1985 to < 1100 pairs in 1990 (Great Lakes & Northern Great Plains Piping Plover Recovery We estimated survival of Piping Plovers in 1984-1990 at the Chain-of-Lakes wetlands in the John E. Williams
Dakota Team, unpub. data). Memorial Nature Preserve (JWMNP), McLean County, North Dakota. Mean population size was 90.4 pairs (range
= 46-152) during our study (Mayer 1990), making the site one of the largest concentrations of Piping plovers in
the Great Plains.
Ryan et al. 1993 North
Dakota Table 3. The effect of population growth rate and management

delays on Piping Plover population growth to y levels.

Projected  Population Years to
| Manag populati growth recovery (95%
S e initiation year size” rate confidence limit)

Figure i Comgrarison of count data and simbaied Immediate 1500 2% 30 (26-34)
Sttt reprves st st Coormachn sroms kg Immediate 1500 1% 51(37-61)
= bl efate Poputation simeiatons Y. Delay 1 year 1386 1% 64 (47-94)
repreemied by cpen cicies = [immature v = Delay 5 years 1010 1% 118(88-144)
07 (amtealt ssarvivanl)): chosed circles = [immature

survivel = 08 {atult sarvival) . oen triangles =

fimomatiare srvivesl = 015 fasult survival)]; closest “ Based on simulations under recent demographic conditions (with
e il gl i e survival = 0.60), see Table 1 for data

sapuares
Sew Tabie 1 for survival and rare data
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Reference Location Observed Trend Study Design
Aron 2005 Upper = USCOE Monitoring Program
Missouri o5
River E“" s
e 3
i !
s‘x s
o+ | + + + + + + + + +0
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Cohen et al. 2006 East coast The population at WHD and WHB in 2001, 2002, 2003, and 2004 included 53, 54, 40, and 28 pairs, respectively. The data do not suggest that survival or site fidelity are a consistent response Our objectives were to estimate adult survival and site fidelity of a declining Piping Plover population on Long
us to population size. Island, New York, to determine if survival or site fidelity changed over time as the population declined, and to
0o . document dispersal within and among breeding seasons.
Cohen and Gratto-Trevor 2011 | Great plains | We estimated that a productivity of 0.75 chicks fledged/pair would be required to maintain a stationary population in our study area, given our model-averaged estimates for adult and = e R e
Canada subadult survival averaged across the entire study period. In stochastic simulations using a CV of 0.09 for the survival rates, the productivity needed for a stationary population increased to ok o
0.86 (95% confidence bounds 0.29-1.82) and, in simulations using a CV of 0.2 for survival rates, the necessary productivity increased to 1.16 (95% confidence bounds 0.09 to 4.62). Mean
productivity from 2002 to 2009 at Big Quill Lake, Lake Diefenbaker, Lake Chaplin, and the Coteau was 0.87, 0.96, 0.88, and 0.88, respectively.
We used mark-resight data from 2002 to 2009.
Maxson and Haws 2000 Minnesota
Sherfy et al. 2008 Missouri This work is focused on developing standard protocols for monitoring biological changes in response to ESH management actions. The monitoring program is intended to provide a basis for understanding positive and negative outcomes of management actions, inform future decisions about implementation
River of ESH projects, and provide for adaptive management through feedback to subsequent management decisions.
Sherfy et al. 2009a Missouri
River
Sherfy et al. 2009b Missouri
River
McGowan et al. 2014 Great Plains | We simulated extinction probabilities of piping plovers in the Great Plains and estimated the relationship between extinction probability and various demographic parameters. We tested the fit of regression models linking initial abundance, productivity, or population growth rate to extinction risk, and then,
using the regression parameter estimates, determined the conditions required to reduce extinction probability to some pre-defined acceptable threshold. An initial abundance of approximately 2400 females with an expected mean population growth rate of 1.0 will limit extinction risk for piping plovers in
the Great Plains to less than 0.048.
Genetics
Reference Location Findings
Miller et al. 2010 General Analyses included individuals from 23 U.S. states and Canadian provinces and were based on mitochondrial DNA sequences (580 base pairs, n = 245) and 8 nuclear microsatellite loci (n = 229). Our findings provide support for separate Atlantic and Interior subspecies (C. m. melodus and C. m. circumcinctus,
respectively). Birds from the Great Lakes region were allied with the Interior subspecies and should be referred to as C. m. circumcinctus. Population genetic analyses illustrated stronger genetic structure among Atlantic than among Interior birds, which may reflect reduced natal- and breeding-site fidelity of
Interior individuals. Furthermore, analyses suggested that Interior birds previously experienced genetic bottlenecks, whereas there was no evidence of such patterns in the Atlantic subspecies.
Haig et al. 2011 General Funk et al. (2007b) measured adequate gene flow among Great Basin and Pacific Coast Snowy Plovers (Charadrius alexandrinus), but banding information suggested quite minimal movement between these inland and coastal areas. As a result, a distinct population segments was defined under the ESA on the

basis of demographic isolation rather than genetics. A “subspecies” is generally defined as a breeding population that has measurably distinguishable genotypes or phenotypes (or both) and occupies a distinct geographic area within its species range.

Funk, W. C., T. D. Mullins, and S. M.

Haig. 2007b. Conservation genetics of Snowy Plovers (Charadrius alexandrinus) in the Western Hemisphere: Population genetic structure and delineation of subspecies. Conservation Genetics 8:1287-1309.
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betection Probabilities

Reference Location Findings
Upper Missouri e e - s S seas Vi " [
Shaffer et al. 2013 River Nest Detection: —™—*—* - s ou-am BB Chick detection:

Brudney et al. 2013

Great Lakes

Each brood (n = 126) was treated as a sample unit, and 29 daily encounter occasions were included to estimate daily survival (i) and detection probabilities (pi) from hatch until 6 days past our definition of fledging. Model-averaged daily detection probabilities ranged from 0.709 to 0.962, depending on age
and year, with an overall mean (+ SE) of 0.908 + 0.016.

Roche et al. 2014

Upper Missouri
River

We individually color-marked, recaptured, and re-sighted 1,635 interior least tern chicks and 1,318 piping plover chicks from 2006 to 2009 at 4 study areas along the Missouri River and investigated effects of observer-, subject-, and site-level covariates suspected of influencing detection. Increasing the time
spent searching and crew size increased the probability of detecting both species regardless of study area and detection methods were not associated with decreased survival. However, associations between detection probability and the investigated covariates were highly variable by study area and species
combinations, indicating that a universal mark-recapture design may not be appropriate. We conducted mark-recapture of piping plovers at SAK in 2006—2009, at 37 sandbars at GRR in 2007, and at 31 sandbars at GVP in 2008-2009. Mark-recapture of least terns occurred at 37 sandbars at GRR in 2006—
2007, at 31 sandbars at GVP in 2006—-2009, and at 4 sandbars at LCL in 2007—2008. Following chick banding, we revisited each sandbar or shoreline site every 2—3 days and resighted or recaptured chicks. Searches were conducted systematically in a grid formation.

The location of vegetation on a sandbar (or lakeshore) along with the shape of the sandbar itself, can have serious consequences on the ease at which resighting or recapture occurs, with large sandbars punctuated by several discrete vegetated areas offering some of the most logistically difficult conditions,
and narrow unvegetated relatively small sandbars some of the easiest. Given that 1) increasing search times is probably more cost effective than adding additional team members to a crew, and 2) increasing search times increased the probability of detection for both species at all study areas, the most
efficient means by which to increase overall daily detection probability would be to increase the length of site visits.
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Not Used

Reference Location Findings
Piping plovers observed in
Abbott 1916 North Dakota Nebraska “potholes” in 1916.

Observed eight occurrences of
piping plovers moving their nest
Wiltermuth et al. 2009 Lake Sakakawea and eggs during incubation.
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Appendix B

Literature Review Table for Terns

Tabulated results from the literature review for terns are presented by the following categories:

Reproductive Success

Prey

Nest Site Selection

Nest Density

Habitat Quality and Quantity
Predation

Stage Survival

Site Fidelity, Immigration, and Emigration
Overwinter Habitat

Population Trends through Time
Genetics

Detection Probabilities.

For convenience, the images inserted in the category tables have been placed in an accompanying
appendix (Appendix G) so that they may be viewed in full size.

References are listed as “not used” or by the category in which they appeared in the table.
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Tables

Information within the light orange cells was used in the parameter table.

heproductlve Success
Citation Location Nest Initiation Nest Success Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Sample Years | Design Strata
Size
Akcakaya et al. 2003 California | Massey et al. (1992; Table 2) We examined a metapopulation model for the California least tern that can be used to predict persistence of populations along the Pacific
reported the age that 186 banded coast and the effects of various management actions. We used the model to estimate the effect of reducing predation impact, an important
adults were first known to breed: source of reduced fecundity, in various populations. Apart from restricting human access to nesting sites, most management efforts have
age 2 for 58 adults, age 3 for 75 concentrated on predation. In the model, each cluster of nearby colonies is defined as a population. Within each population, the model
adults, and age >4 for the includes age-structure, year-to-year changes in survival and fecundity, regional catastrophes (strong El Nifio/Southern Oscillation [ENSO]
remaining 53 adults. Based on events), and local catastrophes (reproductive failure due to predation).
these numbers, we calculated P2 =
31.2% (58/186), P3 = 71.5% ([58 + TR ':;’:”L;; e 1E 2a
75]/186), and P4+= 100.0%. ) ) )
Fig. 3. Fraquency distribution of Nedglings par par for ol pop-
wiations af Calfornia besst tern in Calfornia, USA, and Baja
Cakfornia, Mexion, fram 1971 10 15998 combined. Each xaalue
|5 ther Lppse limit of 1ha class represented by the venical bar
for that walue; thus, all data in the “0.0° dass 5 eactly zam.
14 .
. 2 .
5
Lol . A
; os
o8 .
u‘d;ﬂ oT 080 OB OB4 OB 0B85 000 n:: oM
Survival from (1) 40 ©
Fig. 4. Number of Siedglings per pair of Califomia least term in
year & in the North San Diego population (Califorria, USA), as
a function of the adult survival rate from year = 1 1o Hin Camp
Pendlaton (which is part of this population) for years
19861294, The coefficient of corelation is —0.12 (SE = 0.44),
T amabmmpcinem gt
Fig. 7. Comelation in the number of Sedgings per pair betwesn
populations of Callorna least torn. The points show e
ohpersed corrslalion amoeng seversl populations wilh com-
piete data sets. The curves shaw the low (dashed), medium
{sak), and Figh (dofad) complation-astance WNckons used
in cur modal
Aron 2005 Upper 58.7%; 488 (11%) lost to Predation 0.93; 4645 1986- | USCOE Lake Oahe; Fort Randall River; Lewis and Clark Res.; and Gavins Point River
Missouri 55.1%; 200 (4%) abandoned 0.65; nests; 2004 Monitoring
River 34.2%; and 757 (16%) unknown 0.81; and 11055 Program
52.7% 0.88 eggs
Bailey and Servello Northeast Fledgling residence times decreased relative to fledging The objectives of the present study were to measure chick survival and fledgling residence time (FRT) at three Least Tern colonies in Maine

2008

date at all colonies, and the trend for maximum values of
FRT, which may be an indicator of the maximum time to
departure, varied from approximately 30 d in mid-July to
15 d in early to mid-August. The highest one-d counts of
fledglings underestimated fledgling production by 21-30%
for the two sites with high chick survival. Methods based
on multiple counts also tended to underestimate fledgling|
production. Fledgling residency patterns limit the utility
of count methods for estimating fledgling production and
fledging success.

and examine the accuracy of single or multiple counts of fledglings for estimating fledgling production and fledging success. Chicks were color-
banded at age zero to one d in 2002-2003 to estimate chick survival using mark-resighting methods and to examine relationships between
fledging date and FRT. Colony sites were searched for banded chicks and fledglings every one to three d from just prior to fledging until their
disappearance from the vicinity of nesting areas at three colonies. Data on numbers of banded fledglings known alive on each survey date
were used to simulate single or periodic counts of banded fledglings for the purpose of comparing estimates of fledgling production and
success based on count methods with known values.

Table 1. Chick survival estimates for three Least Tern breeding cologies in Maine, 20022003,

Chick survival () b d on mark-
resighting analys

of banded
£ ] Dhaily
(= SE)

Number
Colony of chicks banded

Crescent SurfLaudholm Beach 946
Higgins Beach 62
urf Beach A% 015

Cresces

'Chicks were clasified as Medglings when age was 221 d.
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Citation Location Nest Initiation Nest Success Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Sample Years | Design Strata
Size
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Fipure 1. Resighting probabilities (p and 95% CI) for
banded Least Tern Bedglings for 30 survey daves (29 re-
sighting intervals) at Crescent Surf-Landholm Beach in
2.
Brooks et al. 2013 South Measures of nest success (n = 257 Predation was the principal Daily survival rate (DSR) of nests and chicks was examined at four natural nesting sites in Cape Romain National Wildlife Refuge, South
coast nests) ranged from 0-93% among cause of identifiable nest loss, Carolina, 2009-2010.
colony sites. The DSR of nests was | accounting for 47% of nest
primarily related to colony site, but | failures when the two years of
year and estimates of predation risk| data were pooled.
also were related to DSR.
Figure 2. Cause of nest loss for Least Terns (|
antillarum) in Cape Romain National Wildlife
South Carolina, 2009-2010.
Brunton 1997 Northeast Breeding success dropped from 0.56 chicks per nesting attempt during 1987 to 0.08 chicks per nesting attempt during 1988, 606 nests | 1987- | A permanent, Edge and center of colony
primarily due to increased predation. Abandonment levels were proportionally equal for center and edge. Abandonment 1988 alphanumeric

decreased slightly during 1988 when Black-crowned Night-Heron predation was most intense. Pledging success was significantly|

lower in the center compared to the edge during both years (ML x2, = 45.8, P < 0.001, Table 1). Hatching success did not differ
between center and edge nests across years (ML x2, = 3.0, P > 0.08, Table 1).

TABLE |. Hatching and fledging success. and causes of nest failure within regions of the colony during 1987

grid was
established in
the Sandy Point

anet 1ok Least Tern
o - colony, West
T Edp Come Tad __7 B Em‘ _ Twd
Hutching suceess - Haven,
# Egps hawchedinest i
Lo s i i " om e an Connecticut and
o e 007 o8 08 o ? consisted of 10
eging sucotss
# Chicks hawhedines
( - n 0.94 1]4‘; gﬁ'ﬂ o, i% DOQ\ 0.06 X 10 m quadrats’
oses Cit 035005 037-04s ossjlﬁ.ﬂ 00017 000-002 u.u‘:'f?ﬁ)s with a central
(Toal # chicks) (136-152)  (142-174)  (298-310) (21-42) 1-9) —49) .

Camses of il marker (brick
Hegons ' A ” > with the grid
Crows 7 o T 19 2 41 .

= @) 08 coordinates).
I{umim 2 i 3142, o o © 3\ . . .
] B N &4 , N " This grid made it
(%) 4.9 0.3 .
Ahandoned 24 n a6 1l 16 27 pOSSIble
(%) (32.2) .
Unknown s 19 2 13 17 30 to record the
(%) 16.8) 1.9
Tota fuiled nests a5 @ 143 139 230 31% presence and
(% of cach region) (28.6) (25.3) 26.2) (57.2) (65.8) (62.4)
Wumber of nests 161 384 545 243 606 location of all
P ————r—Ty
nests.
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Citation Location Nest Initiation Nest Success Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Sample Years | Design Strata
Size
Conway et al. 2003 Texas " Table 1. Nesting parameters of interior least terns nesting in the Prairic Dog Tow| 13 1998 | Approximately | Habitat of successful vs. unsuccessful nests.
- N the Red River in Childress County, Texas, 1998, successful 4.5 km of the
A e Nesting parameters Least tern nest and 7 Prairie Dog
ja
. g n Total number of nests (n) 20 uncessessf Town ForI.< of .
=1 B 8 Successful nests (1) 13 ul nests the Red River in
o B 1| & Abandoned nests (1) 2 Childress
L . - Mests with unknown stat 5
an0 | snam | saism | R:i n:: Jmﬁ {ﬁ; us () 65 County, Texas,
s 1, Crvmtpy f s s n i (4 of s Mayficld cstimate (%) 0.7 were surveyed
B e Clutch (x) 2.25 for nesting terns
Range 1-3 onlune?2, 3,4
Mests located on gravel subsirate (n) 5 v
Mests located on sand substrate (r) 15 9; 10, 11, 17, 22,
Nest dimensions (north 1o south) (em) (x) 9.7 29, 30 and July 2
Nest dimensions (east to west) (em) (x) 10.2 :'j 8 1998. All
Mést depth (from nest rim to nest bow] bottom) (cm) (X ) 1.9 ands, .
adults were
counted on each
visit. Nest
searches were
executed by
locating adult
terns
performing
distraction
displays and by
intensively
searching
suitable non-
vegetated
habitats for
nests.
Dugger et al. 2002 Mississippi High spring flows (April and May) were not associated Our objective was to determine whether least tern reproductive success was directly associated with annual hydrology on the LMR. We
River with increased tern reproductive success (Table Il), but

the number of FLP decreased with increased mean and
maximum July water levels (Table Il and Figure 3). None
of the tern reproductive parameters were significantly
associated with the hydrologic variables we developed to
reflect flood timing or duration (Table II1).

Table 1. Estimstes of least tem reproduction cn the L
12 From Semie

MR from colomies adacent 1o
Mimouri during 19861993 (19861985; da

k

and Resken, 1997)

Year Mo puirs No. fledgling  Chicks/pair  Fladglingspair

1986

monitored least tern nest colonies along the LMR adjacent to Missouri at river km (Rkm) 1521-1334 between Cairo, IL and the Missouri—
Arkansas border from 1986 to 1992.

wl

|
"l
=~
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Citation Location Nest Initiation Nest Success Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Sample Years | Design Strata
Size
Dugger et al. 2000 Mississippi Based on survival rate estimates and number of known Our purpose was to estimate chick survival from hatching to fledging, for Least Terns nesting at two sites on the Lower Mississippi River in
River pairs producing chicks we estimated 0.72 and 1.0 Missouri, using mark-recapture methodology. We banded 110 Least Tern chicks during 1995 on sand island nesting colonies situated at river
fledglings/pair were produced at Rkm 1431 and Rkm kilometers (Rkm) 1431 and 1481 on the Lower Mississippi River.
1481, respectively.
Tame 3. Fledging success of Interior Least Terrs reported as
per breeding pair (FLAPR]).
A FL/PR F!.angl:‘. {m)?
Missourt Rover {Montana) o7
Fort Peck Reservoar 1.3
Yellowstomne Reservoir oz
North Dakota 0.6
Miszour! Bver® (South Dakota) nd
Missourt Rver (South Dakeota) 0.4
Cimarron Biver (Kansas) 0.5
Lower Mississippl Rver (Missouri) oy
Lower Misisippl Rver (Missouri) 0LBS
3 Biefiers to numiber of years or sites In avemge.
* Below Gavirs Poant Dam.
¢ Below Fort Bandall,
Elliott et al. 2007 California Table 1. Mean nest inidaton dages | 2005 Ce e o e for e damets ooy ) Results on breeding
Poimi Least Tern colony from 200020 — — — - o s B chronology, clutch size,
) .. o . “ egg fates, and hatching
Yeur Meznn nest initiation date £ 4 ; 1
.| success were only
k] 5 June £ 18 . i -l compared for years 2000-
0000 o i e 5 | 2004. When possible,
002 o i
o0 oot mean clutch size and
0 1 .
IO Fipure 3. Beeeding e (edglings | b pie mean hatching success
] SO (4~ I Nine . Vo of Eoposm e hnges estimates from previous
“ are noted: 1 - electric fence was erecied: 1997 - Na-
emabmcingmc 50 01 002000 val Al Scation clasure; 2004 - chain link fence erecied.) years were taken from
e e ST g et e ot clutch size = 1.9 (S.E. CDFG annual monitoring
-0.05) reports and compared to
’ the 2000-2004 results.
S
Figure 4. Frequency disaibation of breeding sucoess
(fiedpfings breeding pair) at the Alameda Point Least
Tern coloay from 19762004, (Noce: due salid line repre-
senws the mean, and the dashed lines represent = 1 SD
of the mean._ )
Fancher 1992 California
Breeding pairs and fledgling production were estimated by direct counts made during several
colony visits per year. However, these methods have varied between census takers, sites, and
years. However, since the late 1970's, relatively standardized techniques and comprehensive
coverage have produced more reliable estimates of breeding pairs. Estimates of fledgling
production are likely to have been less accurate than the breeding pair estimates due to
complications of timing and frequency of visits by the census takers.
Jenniges and Plettner | Platte . During the study period a total of 647 Least Tern nests were A total of 639 Least Tern chicks were observed to have fledged from these | Monitoring of nests occurred at three | Managed and unmanaged sandpits
. . q q nests. Production of fledged chicks per nest for each type of nesting site . . . .
2008 River observed; 473 at managed sandpits, 125 at unmanaged sandpits, ) . ; constructed riverine islands in the
- > R were unmanaged sandpits 0.56 fledglings/nest, managed sandpits 1.13 3
3 and 49 at constructed river islands. chicks/nest and islands 1.04 chicks/nest. Overall, 647 nests produced an central Platte River and at seven
i. Hatching success for those nests was 38% on unmanaged sandpits, | estimated 639 fledglings for a ratio of 0.99 fledglings sandpits along the central Platte River
i per nest. Using the definition that pairs are equal to the maximum number

[+

Figure 2. Nest initation dates for Least Terns m sives|
monitored along the cemral Plame River, Nebraska)
1991 o 2005,

65% on managed sandpits and 71% on constructed riverine islands.

Pk T Tlhe TR

1. Regression analysis of

Platte River, Nebraska,

of active nests (incubating adults) and broods (adults with chicks) present
there were 553 pairs total for a fledgling per pair ratio of 1.15. Nest success
and fledgling survival was significantly greater at managed sandpits than
unmanaged sandpits in the 1994 to 1997 time period.

Table 4. Least Tern reproductive outpat a nesting sices monitored. Successful nests are those th
ane g, successful broods are thase hroods where at least one chick Hedged.

Estimated Number of Number

Successful successful initial chicks of chicks|

Management type Total nests ncsts broods clmerved fledged
Unmanaged sandgits 125 18 a2 101 54
Man; snckpits 473 309 254 679 534
Managed river iskands 49 85 m 74 a1
Total 47 a2 814 a4 19

Management activities at the
managed sandpits and created islands
included vegetation control measures
to maintain the bare sand nesting
substrate, people management and
predator management. Predator
control measures included electric
fences at all sites with nesting birds.
Of the nests observed 125 were on
unmanaged sandpits, 473 were on
managed sandpits and 49 were on
islands.
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Citation Location Nest Initiation Nest Success Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Years | Design Strata
& Table 3. Nest success for Least Terns nesting at sites monitored 1991-2005. Success shown a8 o  Tuble 5. Fedge ratos for Leas: Teras at sites manitored slong the cenral Platse River. Resul Lo f
the Mayfield estimate with 953% confidence intervals caleulated. per nest and fedglings per pair. A pair i defined as the maximum aumber of nest and broods pre —
“ phe visit, =
= Nurmber Apparent Mayficld Mavficld — ———— —— = ::__
I:\ Management e of nests NESE SUCCess nest SHeCess Bower 95% .1 Management type Numbes nests Number of pairs Fledglings pernest  Fley :Z
E" Unmanaged sandpits 125 8% % e o e 5
" Managed sandpits 173 65% 6% i9 7 L0 e -
" Moo riverine isknads 1 1% B0, 56% 647 558 099
2 ! Tostal 647 6% 61% 3T%
Figure 5. Nest inidaton dates for Least Tern nesis m
managed sandpits, unmanaged sandpits and creased is|
lands 19941997
Kirsch 1996 Platte The distribution of nest initiation | Productivity did not differ between habitats but varied significantly among sites. Nest success, fledging success, and fledglings | examined habitat selection and productivity of least terns to determine if terns selected habitat according to suitability (as indicated by
River dates and rates of colony-site per pair averaged 0.54, 0.28, and 0.47, respectively. Key factor analysis revealed that chick survival had a greater influence on productivity), what factors affected habitat selection and productivity, and if estimated productivity could support this population. Natural
turnover were similar on both production of fledglings (on both sandbars and sandpits) than did failure to produce a maximum clutch size or egg mortality. sandbar habitat and sandpit sites created by gravel dredging adjacent to the river were compared with census data from 1987-1990.
habltats_ Table 13. Nest and fledging success, and fledglings per pair for least tems on sandbars and sandpits along the lower Platte River, Nebraska, 1987-90.
e, T SR L S R e et e o Nest success Fledging sucoess. Fledglings per pair
No. of study colonies Sandbars Sandpits Sandbars Sandpits Sandbars ndpits
Year Sandbars  Sandpits E SE z SE i SE 2 SE E SE E] SE
1987 3 5 0.49 025 0.46 018 014 0.04 037 021 0.21 012 028 0.08
1988 4 3 072 0.14 072 012 027 0.02 0.24 0.13 073 015 055 0.23
1989 [ 6 0.41 0.08 054 0.06 035 0.10 0.38 011 0.57 017 0.50 0.06
1590 6 7 0.44 0.05 0.64 012 012 0.08 0.33 0.05 0.25 0.16 0.64 0.14
Kirsch and Sidle 1999 | Central US Fledging success ranged from 0.00 to 2.33 fledglings/pair,| We compiled data from published and unpublished surveys of interior least tem abundance and productivity for 1984-1995. Census
and was <0.51in 9 areas. Fledging success estimates information included dates, numbers of adults and nests observed, locations of nesting areas, and census method. Productivity information
were available for interior least terns in 22 local areas for | included numbers of pairs and nests monitored, frequency of visits to colonies, fledglings per pair or nest, estimation methods, and definition
-1 year. Fledging success was extremely variable, and used for “fledged”.
least terns failed to produce fledglings in >1 year in
several of the areas. Mean fledging success for 9 local
areas was less than the 0.51 (0.06-0.49) fledglings/pair
needed for population maintenance. Fledging success
was marginally higher than 0.51 (0.52-0.54) in 3 areas and
exceeded 1 (1.22-1.60) fledgling/pair in 5 areas. Based on|
available fledging success estimates, there is no evidence
that productivity within the interior range caused recent
increases in tern numbers.
Koenen et al. 1996 Oklahoma Least Terns (P < 0.001) selected nest sites on ridges more than See Table | 1991- | We evaluated two management methods to increase nesting success of interior LeastTerns at Salt Plains National
expected in the fenced exclosure with ridges from 1991 to 1994. 1 1994 Wildlife Refuge, OK from 1991-1994. Nest ridges were constructed from existing substrate and designed to provide

During this study, nest success for Least Terns on ridges ranged from
0.23 to 1.00 (Table 1). There were no differences (P > 0.05) in nest
success between Least Terns nesting on or off ridges from 1991 to
1994. Least Tern nests in the fenced exclosure had higher nest
success (P < 0.05) in 1991 than nests outside of fenced exclosure.
From 1992 to 1994, there were no significant differences in nest
success inside and outside of the exclosures.

elevated habitat safe from sheet flooding. Solar-powered electric fences were built to reduce predation by mammals.
Least Tern nests on and off ridges were located inside and outside fenced areas and revisited every 3-4 d to quantify
nest success using the Mayfield Method and determine causes of nest failure.
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Kruse et al. 2001

Upper
Missouri
River

TasLE . Productivity summary for Piping Plovers and
Least Terns nesting on the Gavins Point and Fort Randall
river reaches of the Missouri River, South Dakota, 1991
and 1992,

Least Tern

354
179 (50.6%)
80 (22.6%) o
330 %
Bl(24.5%) ™

Piping Plover

238
128 (53.8%)
61 (25.6%)
368
57 (15.5%)

Total Nests
Total Destroyed
Predation
Chicks Hatched
Chicks Fledged

Appancal nesting soceess of caged nests (=86,
%) dgher (e U001} than f
%), OF 33 caged st fhat

reasons, and 9 (275 ) were bost dise o husan distur-
bance, sandbar erosion, weather, of unksown causes.

44 least tern nest with unknown fate were excluded from analysis. Apparent nest success was 49.4%, fledge rate was 0.32.

May-
Augu
st 7 days
1991
and

1992

Nest were
visited every 5-

Leslie et al. 2000

Oklahoma

Least terns produced 192 nests, 118| ==
chicks, and 80 fledglings in 1992 at
12 colonies compared with 345
nests, 285 chicks, and 143 fledglings
in 1993 at 20 colonies. Loss of nests
to flooding was greater in 1992
(46% of 77 nests lost) than 1993
(9% of 133 nests lost). Overall loss
of chicks was greater in 1993 (50%)
than 1992 (32%).

| census methods were 0.50-0.66 in 1992 and 0.48-0.70 in

Estimates of fledglings per breeding pair from the four

1993.

TaBLE 1—Numbers of adult breeding pairs and fledglings per breeding pair of least ter
of successful nests, median-date method, probable renests subtracted from the total numb
airhoat surveys (see methods for description) on the Arkansas River, Oklahoma.

Census methods

Successful
nests

Probable

Year Category Median date renests

1992 1407 166 159
0.59 0.50 0.52
2122 299 296

0.67 0.48 0.48

Adult pairs
Fledglings/breeding pair
Adult pairs
Fledglings/breeding pair

1993

* Considered a minimal estimate of adult pairs because it did not account for unsuccessf

We monitored breeding activities of least terns to determine effects of hydropower and flood-control operations of Keystone Dam from
1992-1993. Flows in 1993 scoured and elevated existing sandbars and created new sandbars, resulting in an expansion of nesting habitat that
was associated with an increase from 12 breeding colonies in 1992 to 20 colonies in 1993. Estimates of adult least terns increased from 125-
166 breeding pairs in 1992 to 212-299 in 1993.

Lombard et al. 2010

South
coast

Overall daily nest survival (+SE)
excluding managed colonies was
0.92 £ 0.03 (period survival = 0.18).
Daily nest survival of managed
colonies (fenced) was significantly
higher (0.97 + 0.02; period survival
=0.51). Nest success, the
probability that at least one egg
hatched per nest, was positively and
significantly influenced by colony
size. As reported by Birkhead
(1997), nest success was highest in

large colonies.

TABLE 1. Daily and period nest survival for Least
Terns at St. Croix, U.S. Virgin Islands, 20032006,
Period nest sur e daily nest survival ex-
trapolated to 21 days. Estimates summarized by
habitat (substrate), year, and colony size. Managed
colonies = exclosure or platform. Small = 10-30,
medium = 40-90, large =110 nests. Standard errors
were adjusted for design effect.

The period survival of chicks
was 0.30+0.11.

Daily nest
survival

Period nest

Category survival

Habitat
Salt flats
Sandy beach
Offshere cay
Industrial
Managed
Year
2003
2004
2005
2006
Colony size
Small 0.876(0.041)
Medium 0.883 (0.023)
Large 0.927 (0.001)

0510 (0.017)
0.936 (0.036)
0.929 (0.005)
0.929(0.016)
0.968 (0.023)

0.138
0.252
0.215

0.511

0.902 (0.025)
0934 (0.025)
0.923 (0.012)
0.906 (0.023)

0115
0.242
0.188%
0.127

0.062
0.074
0.204

From estimates of nest and chick survival we estimated
that 269 fledglings were produced during this study,
equivalent to 0.06 chicks fledged per nesting attempt (n =
4640 nests) and 0.15 chicks per breeding pair (n = 1744
pairs).

We report nest and chick survival and colony-site dynamics of the Least Tern. These results are the first for the Caribbean and were derived
with likelihood-based approaches from 4640 nests and 44 chicks fitted with transmitters monitored in 52 colonies at St. Croix, U.S. Virgin
Islands, 2003—-2006. All nesting sites were surveyed every four days from mid-April to mid-August.

Massey and Atwood
1981

California

Usually egg laying begins the first
or second week in May after the
terns have been in the area for 1-
4 weeks, and the first wave of
laying is complete in 10-14 days.

All of the eggs in the first nesting wave at Anaheim Bay hatched
successfully, but only 82% (44/54) in the second wave hatched. Four
nests were apparently abandoned after laying, as no bird was ever
seen incubating the eggs. Two others were deserted during the
incubation period. One was abandoned early; the other, a renest

The minimum number of fledglings per maximum number|
of breeding pairs is ascertained for each colony whenever
possible. If a colony has produced 1.0-1.5
fledglings/nesting pair, success is considered good,0 .5-

1.0/pair is a moderate success, and 0-0.5/pair is poor.

A large-scale, long-term
program of banding Least
Tern chicks in southern
California was begun in
1976 and has continued

In 1980, a group of late-nesting birds, many of them banded and color-banded, presented a unique opportunity
for study. Most of the banded birds were identified as 2-yr-old terns nesting for the first time; several were
older, renesting pairs that had failed earlier at a colony close by. The chronology of the second wave, age
composition, clutch size, behavior of 2-yr-old parents, fledging success, and postfledging dispersion were
documented.

A8




Citation Location Nest Initiation Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Sample Years | Design Strata
Size
By mid-June, when most of the containing the last eggs laid in the colony, was abandoned after 25 | The number of chicks fledged from the initial nesting each year since, with 259
chicks have hatched, a second and| days, the eggs still unstarred. Two eggs failed to hatch at nests group at Anaheim Bay in 1980 could be estimated only chicks banded in 1976, 297
usually smaller group of courting | where the other egg hatched: one of them was infertile; the other roughly; approximately 5-10 youngsters probably fledged | in 1977, 407 in 1978, and
and nesting terns is often did not survive pipping from 8-10 nests, with success characterized as moderate. | 612 in 1979. Since 1978,
observed. The second period of [t B i e T R e P Fledging success could be gauged with greater accuracy | chicks at major colonies in
egg laying is more prolonged than T _ for the second wave. All chicks were banded with red Los Angeles and Orange
the first, and hatching may anodized service bands and were distinguishable from counties have been color-
continue throughout July and first wave chicks. We were able to document a minimum | banded with a year and
occasionally into August (Atwood of 19 fledglings and possibly as many as 35. Thus, the colony code, so that many
etal. 1977, 1979) second wave at Anaheim Bay showed moderate success | returning birds are now
. with a minimum of 0.58 fledglings/pair. The 10 nests in identifiable in the field as to
the second wave where at least one parent was a 2-yr-old| age and natal colony. In
bird produced a minimum of 8 fledglings. The ratio was 1980 we began to color-
0.8, considered a moderate success. band adults individually as
‘TapLe 4. Fladging success nl several California Least Tern colonies of varying sizes i they were trapped,
- - - Minimum  Fledglings’ e Awwn |
Number of number of nesling L
Colany nesting pairs fledglings  pais R
Venice Beach 150-165 240 1.45
Huntington Beach T0=90 85 0.94
Los Cerritos 7 & 0.86
Bolsa Chica 2026 15 0.58
Anaheim Bay {total) Ji=4 24 0.56
First wave 8-10 H 0.50
Second wave 33 19 0.58
Second wave (nests of 2-yr-old birds) 10 B 0.80
* Minismum number of fledgings'madimum number of neslng pairs
Schuetz 2011 California Fledgling productivity was positively associated with 1988- | | assembled data on California least tern population size, clutch size, and fledgling production at 27 breeding sites
clutch size (p < 0.1). At the mean clutch size (1.79 eggs), 2009 throughout California using California Department of Fish and Game (CDFG) breeding season surveys (1988-2009).
California least terns fledged 0.50 young. At two standard
deviations above and below the mean (1.38 and 2.20
eggs), terns fledged 0.39 and 0.65 young. Fledgling
productivity decreased inconsistently from 1988-2009.
g | HCE Evnaany | ‘!M;:.Ii.‘mm." .'.'q_umlw_' ,u_mm;rl e {*
358 e NG [P SR I L N
T T e
b "“- e | B wie ol o 4 ,‘\ i
T T e T i
Shaffer et al. 2013 Upper = pepra— Tables 9 — 21 (pages 130 - Gavins 2006- | Stratafied USCOE % of population over time
Missouri s Hoponad 134) Point, 2008 Random
. emeral  fpearsm  Maved . .
River 1006 s-n 7 Garrison Habitat
alllllbd)l o BIAEFREE Ak T GE-BS ]
e B Reach, searched every
07 m  m and Lake 2-3 days from
e s o Sakakaw mid-April-
17=33 41
P =) ea early Aug
Sherfy et al. 2008 Upper o Gavins 2007 Stratified High or low use based on USACE data
Missouri == ] = Point, sample
River e atae M M Garrison
rocsn - ' Reach, and
Lewis and
Clark Lake
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Citation Location Nest Initiation Nest Success Nest Fate #fledge/nest or min # adult pairs (1.1 for stable pop) Sample Years | Design Strata
Size
Sherfy et al. 2009a Upper = T s e ot (o) e e Lo ) gt Gavins 2008 | Stratified High or low use based on USACE data
Missouri : | " B—T Point sample
. speces o sanmarmpe  Tommess  swssssu SPOTR FIOE maure umeoun
River ”.I,._- e = T = = and.
= e " " s o " 2 Lewis
e MEEEY e = = e B = and Clark
o B s E " 1 0 s 2 Lake
o = aa a B = e
Sherfy et al. 2009b Upper Table 7. Numbers and fates of least tem and piping plover nests on the Gavins Point Gavins 2009 Stratified High or low use based on USACE data
. . Reach in 2009. .
Missouri ! pYrr=— Point sample
River !
] l.' Total Nests Successnu R Fromane Falure Urinown
—. Least Tem 136 = L] 1 kx] 5
Piping Plover 134 T2 15 o %8 8
Totad 330 163 pmd 1 13 13
idle and Harrison Central US The interior least tern’s annual reproductive success varies greatly along a given river or shoreline (Table 6). Because tern’s use 1985- | This plan summarizes available biological data, details various actions to stabilize and/or restore the interior least tern,
1990 ephemeral habitats, they are susceptible to frequent nest and chick loss. Consequently there are great local differences in 1988 and establishes criteria to remove it from the federal list of endangered species.
productivity.
Table 6 Some exsmples of the preductivity of interior least terns
Locsstons vesr sss bt ot ' heoithees’ cocce
Missouri 1938 0.62 0.42 7-10 days 100% Mayer and
River 1989 0.56 0.21 . - Dryer 1989
Forth Dakota
Missouri 1986 0.20 7-10 days 100% Sehwalbach
River 1967 0.64 - " 1988
South Daketa
Missouri 1988 0.36 0.44 7-10 days 100% Dirks 1990
River 1989 0.51 0.55 " "
South Dakaca
1987 0.57 0.29 2-3 days 9% Eirsch 1987-89
Platte River 1988 0.67 0.71 " lLby - -
River 1989 0.43 047 " agw 1521, Hardy 1957, Sctiles 1935). Thompson (1982) presented the following
Hebraska longevity data for coastal least terns revealed by band recoveries:
Cimarron 1982-83 0.18  1.09-0.36 Schulenberg Percentage of Recoverles
Riwver and Pracek
Kansas 1084 0-5 T4 percent (58}
5-10 L] £ {7}
3:;: St;:::u 1987 g‘g?r 3 ’1‘; 1-3 days Hill 1987 10-15 10 s:::::t {8y
15-20 4 percent {3}
=20 3 percent
Smith and Renken Mississippi Average clutch size among years Untimely floods had the greatest impact | Average indices of fledging success were 0.86 Reproductive parameters of interior Least Terns were estimated during the 1986-1989 breeding seasons at Mississippi River colonies in
. upon Least Tern reproduction. We . . . . L . . L . T . . . .
1993 River ranged from 2.09 to 2.48 eggs. Nest oﬁserved that risin: water levels fledglings/pair during 1986-1988 and 0.2 fledglings/pair in| Missouri, lllinois, Kentucky, and Tennessee. Population indices ranged from 275-499 breeding pairs during the 1986-1989 breeding seasons.
success, the probability a nest will destroyed 41% of 92 existing nestson 2 | 1989. If we assumed that production of 0.5-1.0
hatch at least one egg, averaged July and 13 July fledglings/pair was necessary to maintain tern
G 1986, and 40% of 436 nests on 19 June . . .
0, = . g
§SA during 1986 19.88,. |t1est SUCCeSS| 959" Coyote predation on eggs was populations, outj est.lmates of Product!(?n appeared to be
in 1989 (51%) was significantly documented in 1987, 30 of 31 nestson | adequate to maintain population stability.
lower than previous years because one island were destroyed. Nest L‘;;;Lr?:;-:;ﬂ?:;:;vdmi“ paramesers for interior Least Teras nesting in the Mississippl River
of a flood durine the peak of predation by coyotes also was verified at o~
. g N p . six other colonies during 1988 and 1989.|  Ferdutis
nesting. Average chick production | All-terrain vehicle disturbance of tern T 1 = -
was 1.5 chicks hatched/pair during | nestsand youngalso hampered = ) o 053
1986-1988, but only 0.7 chicks successful tern reproduction. In 1988, Fagauriival e Datan Doan bt s
’ : ATVs passed through or near 25 nests, Chatchsize 239a 2374 2a5m 209¢
hatched/pair in 1989. 18 of which failed. We also observed bl 0038 003%) 00 fos6)
Chick production® 7l 168
two instances in which chicks or adults - Pl ['u'.'ﬁg“, 8 ]r:vU; ogm @
were killed by ATVs. In 1988, ATV users g N » 0e
E— 0 = s :
killed two chicks that had recently Yotal nurmber of
hatched in a nest. nests peryeart ol w i o
*Estimates with the same letter are not significandy different at P=0,03, using LSD tests (SASI98S).
No. o (:R:‘",‘,ﬁ",?:;ﬁ‘ pair. Yearly comparisons made using Chissquare tests.
Tniudes s s s
Stucker et al. 2013 Upper '"f':E"CE of habitat features °"f"TSt fate.—We determlizeld thegates of 95% °ff nests. NESLSUCCGSS W:“S greater Z" constructed sandbars (70%, n = 675) than on natural We documented habitat characteristics and fate for 869 Least Tern nests during 2006-2008; 71% were discovered before clutch completion.
. . sandbars (37%, n = 149). Nest failure was ~25% more likely in the presence of any wet substrate in the surrounding area. . . . .
Missouri B ) : Y P 2 & Eighteen percent of nests were located on natural sandbar habitats and 82% on constructed sandbar habitats. We categorized nest fate as
”
River successful (at least 1 chick), unsuccessful, or unknown.
TasLe 2. Counts of Least Tern nests and surrounding-area habitat assess-
ments on natural and constructed sandbars on the Missouri River, by year
and point type (nest or surrounding area.
Natural Constructed
Year Nest Surroundingarea Nest Surroundingarea  Nesttotal
2006 64 64 208 208 272
2007 52 52 212 212 264 - :
2008 40 40 293 286 333 Percent pusiie
Total 156 156 713 706 869
Szell and Woodrey Mississippi | p=ismemsmmmmmmmamsmw=====" Both nest success, the proportion of nests from which at minimum | Reproductive success averaged between 0.28-1.27 The reproductive ecology of the Least Tern was examined at four nesting colonies along the Lower Mississippi River during the 1995-1997
2003 River one egg hatched, and hatching success, the proportion of eggs that | fledglings/clutch.

hatched, were significantly higher in 1995 (97% and 94%
respectively) as compared to 1996 and 1997 (~40%). Predation and
untimely flooding were the largest negative impacts upon successful
tern reproduction.

breeding seasons. Nest success, hatching success, and reproductive success were calculated in order to estimate productivity and evaluate
reproductive status. Nesting colonies varied in size from 172 to 550 nests, with average clutch sizes ranging from 1.9-2.7 eggs/nest.
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Zuria and Mellink
2002

Northwest
ern Mexico

The colony flooded almost entirely
during the highest tides, forcing
the terns tore-nest several times.
We counted 4 nesting waves: mid-
May, early June, early July, and
late July. The first was composed
of early breeders. The second
corresponded to the peak laying
period and may have had
newcomers as well as re-nesters.
The third and fourth waves
probably were composed
primarily of re-nesters, because
the colony flooded almost entirely

We studied two colonies, La Purinera and Punta Banda, during the breeding season of 1995 (April to September). We located nests by finding
incubating adults from a distance and by walking through the colony early in the mornings.

in mid-June and mid-July.

Dirks 1990 Missouri

River

Least terns arrived in the Gavins
Point area on May 14, 1988 and
nests were initiated from May 22
to July 30, 90% of which were
initiated between May 28 and July
14. In 1989 least tern nests were
initiated from May 17 to July 17
with 90% of nest initiations
occurring between May 26 and
July 5. Least terns averaged 1.8
nest initiations per pair in 1988

and 1989.

Surveys were conducted in 1988 and 1989 to determine the distribution and reproductive success of least terns and piping plovers on the
Missouri and Cheyenne rivers in South Dakota. All suitable habitat was surveyed, with research concentrated on two important areas: 1) the
Missouri River from Fort Randall Dam to Springfield, SD, and 2) the Missouri River from Gavins Point Dam to Ponca State Park, NE.

Sixty-seven least terns fledged in 1989 compared to 20,
93 and 65 in 1986, 1987, and 1988, respectively. The
number of least tern chicks fledged per pair increased
slightly from 0.44 in 1988 to 0.55 in 1989.

Least tern hatching success increased from 36% in 1988 to 51% in
1989.

All colony sites were revisited every 7 to 10 days to determine nest fates and to search for new nests. Colony sites with successful nests were
monitored to determine chick survival and fledging success.

Prey

Citation

Location

Findings

Carreker 1985

North America

This model was developed with information obtained from the published literature and communications with professional biologists familiar with the species and its habitat requirements. This model does not directly measure the availability of fish. As an alternative, it is assumed that a
suitable nesting habitat in close proximity to abundant and/or diverse aquatic habitat is a desirable nesting site for least terns.

The stomach contents of 49 least terns coll ected in New Jersey, Florida, and Louisiana consisted of 43.1% silver anchovy (Engraulis eurystole), 6.8% menhaden (Brevoortia tyrannus), 6.3% mummichogs (Fundulus heteroclitus), 5.0% Crustacea, 1.1% silversides (Menidia spp.),' and 37.7%
unidentified items (McAtee and Beal 1912). In California, northern anchovy (Engraulis mordax) usually was the most commonly dropped fish followed by topsmelt (Atherinops affinis), jacksmelt (Atherinopsis californiensis), and deepbody or slough anchovies (Anchoa compressa,™.
delicatissima) (Atwood and Kelly 1984). In Mississippi, Hays (1980) found Gulf menhaden (Brevoortia patronus) and bay anchovy (Anchoa mitchilli) most frequently dropped at a least tern colony. In addition to these two species, emerald sleeper (Erotelis smaragdus) and rough silverside
(Membras martinica) were dropped at colony sites in Texas (B. C. Thompson, Texas Parks and Wildlife Department, Austin; letter dated 9 August 1984). Burroughs (1966) found sand lance (Ammodytes spp.), herring (Clupea spp.), and hake (Urophycis spp.) dropped in least tern colonies in
Massachusetts. Hardy (1957) found dropped river shiner (Notropis blennius) on the lower Ohio River and determined this species to be the dominant food of least terns in that area. Schulenberg et al. (1980) collected plains killifish (Fundulus kansae) most often at colony sites in Kansas.

Schweitzer and Leslie 1996

Oklahoma

We examined foraging patterns and success of the least tern nesting on a salt flat in north-central Oklahoma during the 1992 and 1993 breeding seasons. Our objectives were to 1) estimate whether there were limited quantities of forage available to breeding least terns, 2) examine least
tern use of bodies of water adjacent to the salt flat, and 3) identify fish species brought to colony sites and in bodies of water adjacent to the salt flat.

Mean feeding rate was 2.0 £ 0.3 fish/h, and overall time between feedings was 24.5 + 2.2 min. Although not statistically different, fish were brought to nests containing two chicks more frequently than to nests with one chick (2.3 + 1.0 fish/h vs. 1.9 + 0.2 fish/h; P = 0.51). Mean estimated
length of fish brought to nests was 2.9 + 0.4 cm. Young chicks (<2 days old) were offered and consumed a greater percentage of small fish than older chicks (>3 days old). Fish in the greatest size class (>3.1 cm long) were only offered to, and consumed by, adult least terns. Our
observations during the 1992 and 1993 breeding seasons at Salt Plains NWR suggested that because chicks did not consume all fish offered to them, adult least terns supplied chicks with enough small (<4 cm) fish at suitable intervals (2 fish/h) to meet their energy requirements.

TanLr 4 dy depah! icm) of fish collecied in colony sics and waterways wpsircam sl the sl
s

TaeLE |—Acceptance’ of fish in different size classes by different-aged least 1ern chicks. A dash means that no Tamas —Number and wscoess (55 of beast terns foraging of the s But during dderent perunds of dhe bcerd
fish of the size class were offered 1o the indicated chick(s). ng wasn

Size class of fish (cm)?

Age of chicks (days) =13 (n=0) 1420 =6 21-26m=17) 2730 =1) >31°@m=5 .
=71 100% 100%: 50% 0% — 9
2m=1) 100 100 1% - _ i
5= 1) 100% 100% 100% - - e

10 = 2) - — 100% - — i
12(n=1) — — 100% - - o

! Expressed as a percentage: number of fish consumed + number of fish offered
% Size (length) of fish estimated relative to bill length of adults

* All fish in this size class brought to nests were consumed by an adult,

* Number of chicks

Stucker 2012

Upper Missouri

As a plunge-diving piscivore, Least Terns also rely on ready access to appropriately sized slender-bodied fish: <52 mm total length for adults and <34 mm total length for young chicks. This study evaluates 1) the shallow water (<1.5 m) fish community near river and mechanically created
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Citation Location Findings
River emergent sandbars during three nesting seasons (2006-2008), 2) nest-scale habitat selection to determine if nest habitats differ between constructed and natural sandbars, and it evaluates the consequences of this selection on nest success, and 3) the potential associations between
specific habitat features, at differing spatial scales, associated with airborne and foraging Least Terns. Effort focused on the 95 kilometers of Gavins Point Reach of the Missouri River, between Yankton, SD and Ponca, NE during the Least Tern nesting season in 2006-2008. We sampled fish
within 15-16 areas every two weeks from late May - July to document the relative abundance, species richness, and size classes of fish. Using systematic surveys on sandbars every 2-3 days, we detected and tracked 869 Least Tern nests until eggs hatched or failed, on constructed and
natural sandbars. Successful foraging sites (N=416) were compared to a paired nearby random location to evaluate evidence of habitat selection.
Fish relative abundance was negatively related to depth. Catches were dominated by schooling species. Significant differences in the fish communities between the sandbar types were not detected. See Stucker et al. (2012) below for figures.
Tibbs and Galat 1998 Mississippi Spatial and temporal availability of small fishes, as forage for interior least terns was compared to the least tern reproductive period during 1993 and 1994 in the lower Mississippi River, Missouri. Timing of forage availability and least tern reproduction was also related to river stage and
River temperature regimes. Four deep-water habitats (main channel, secondary channel, side channel, and connected slough) and two shallow-water habitats (main-channel interface and side-channel interface) were sampled. A total of 67245 fish 510 cm TL were collected in the six aquatic
habitats, 34882 during 1993 and 32363 during 1994. Mean ranked fish catch differed between seasons (p<0.005) and among habitats (p<0.0001). Catch-per-volume and richness were highest in shallow-water habitats in both years. Highest catches in deep- and shallow-water habitats
occurred between 56 and 64 days after peak spring flows in both years. Water temperature was increasing rapidly during the spring flood peak each year.
T Tabie I1I. Mean taxa richness of coblected fish (+ 1 5.10.) and number of repiicates T i I
i within six aquatic habitats, years, and seasons combined, i the lower Mississippl River,
bt categeey Senvr Missour, river km 15351334, during 1993 and 1094
:'::':": T — r:'":‘ — Hahetat category Aquatic habitat Total richness Replicates
[— [ T5e 148 & Deap-water Main channel 13 ;‘
b Secondary chanmel 11 £
a Side channel 14 £
A Connected sgough 11 =
R . i Shallow-waier Main-channel interface 17
T : N o '" . Side-channal interface 16
. - Mazns within = column with the same letter on the right are not different (p . 0.05) when ranks are i i i e
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Figure 5. Least Tern dropped prey collected at Alameda
Point from 1981-1982, 1984-1995, and 2000-2004.
(Years 1981-1995 from Collins (1995).)

Figure 6. Least Tern breeding success and the percent-
age of Engraulididae in the dropped prey. (Each point
is labeled with the two-digit year. * = possible outlier.)

Stucker et al. 2012

Upper Missouri

Least terns rely on ready access to appropriately sized slender-bodied fish: <52mm total length for adults and <34mm total length for young chicks. We studied the shallow-water (<1.5 m) fish community near river and mechanically created emergent sandbars during three nesting seasons

River (2006-2008). We sampled every 2 weeks each year from late May to July within 15-16 areas to document the relative abundance, species richness and size classes of fish. Fish relative abundance was negatively related to depth. Catches were dominated by schooling species, including
emerald shiner, sand shiner, spotfin shiner and bigmouth buffalo. Significant inter-annual differences in relative abundance were observed, with generally increasing trends in intra-seasonal relative abundance of shiners and the smallest size classes of fish (<34 mm). Significant differences in
the fish communities between the sandbar types were not detected in this study. Results suggest that mechanical sandbar habitats host comparable fish communities at similar levels of relative abundance.

Table V. Measures of fish species and relative sbundance during fish sampling in areas of shallow-water habitat near emergent sandbars of Table II. Fish size class, fish body kength (TL) and relationship
the Missouri River (RKM 1213-REKM 1331), 2006-200% with least tern bill kength
Mechanically created River ereaied Fia d Size Class Fish length Relationship to least
Species 3305 3.4 (03) 003 0.86 (TL, mm) tern bill length
Count of fish* 21 40.3) [7.0] 22(02)[85] 031 0.59
Count of shiners* 15 0.3) [3.7] 1.7 (02) [45] 032 0.58 0 <0 <1 bill
08 0.2) [1.2] 0.9 (0.1)[15] 067 0.43 1 2133 1 bill
11 40.2) [1.9] L1(00)[19] (1] 09 1 -
o7 :o 1j {L.O% 0.310.1:%1.1} 019 0.67 2 34-46 =1 bill
1240.3) [2.3] L4 (02)[32] 059 0.45 3 47-52 2 bills
4 =52 >2 bills
1 squencs means (dandard emons) [hack-frans rmed means) sre preserted by emergent sandbar type, with msocisied Fied and kevel of
“Leadt squsre means presented ave the means of the average of the included covariste, depth, 0.6l m. Least tern bill length is estimated as 26 mm (Thompson er al., 1997),
Citation Location Findings
Leslie et al. 1997 Oklahoma We investigated attributes of 5 colony sites of least terns nesting on the Arkansas River from Tulsa to Muskogee, Oklahoma, in 1992 and 1993. We tested hypotheses that least terns selected areas to nest with the lowest amount and height of vegetation and nested near driftwood or

similar debris. River flows prior to the nesting season in May 1993 scoured all sandbars, removing vegetation and increasing abundance of driftwood.

Table L Moand
d ptnde ok
B0 nents ol 3 colomben o e Arkansdt River, Oklahorna, 1991

prisicn closest Table 2. Mean distance (m) from nests (V) o the narmowest and widest water
barriers from the shores of sandbars 1w the river bank at 5 least tem colonics on the
Arkansas River, 19921993,

Distasee 1o Dhslanse 1o
e il madesr
waner barmuer waies b
Year Calosy N I SR x SE I
1592 Anchoe Stone [] 1842 542 4013 5.16 <0.001
Jor Creek ] 1043 imn 354 5.18 <0.001
Tt 10 317 4.61 38.5 6,00 0.457
1993 Jos Creek 28 03 261 573 4,78 =21
Ceslar Creck 9 142.4 639 s 5.68 <0001
Cowers L] 103.7 in 358 6.70 <0.001
Huwy. 104 21 1024 38 130 1 <0001
Fern Min. 14 1623 13,00 48.7 LR x] <0.001

L —

P ————————————
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Marcus et al. 2007 Platte River s
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Tevvmt (P 0.05),
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The possibility of shifting nesting from active to inactive mining areas by using a deterrent (mylar flagging), an attractant (gravel and driftwood spread on bare sand), and a control (untreated sand) was evaluated. Experimental plots (mean 0.36 ha) were established at 18 different gravel
mines, twelve in 2000 and seven (one repeat) in 2001 along the Platte and Elkhorn rivers prior to nesting season. Of 117 tern nests, 73% were in attractant, 2% in deterrent, and 26% in control plots. Of 23 plover nests, 61% were in attractant, 9% in deterrent, and 30% in control.
Schweitzer and Leslie Oklahoma We measured habitat features in 12 active (23 nests) and four inactive (< 2 nests) colony sites on the alkaline flat at Salt Plains NWR, OK in 1992 and 1993.

1999

Sherfy et al. 2012

Upper Missouri River

We evaluated nest-site habitat selection by least terns on constructed and natural sandbars by comparing vegetation, substrate, and debris variables at nest sites (n % 798) and random points (n % 1,113) in bare or sparsely vegetated habitats. Odds ratios for habitat variables indicated that
avoidance of habitat features was the dominant nest-site selection process on both sandbar types, with nesting terns being attracted to nest-site habitat features (gravel and debris) and avoiding vegetation only on constructed sandbars, and avoiding silt and leaf litter on both sandbar
types. We collected habitat data at 798 least tern nests (n % 699 on constructed sandbars and n % 99 on natural sandbars) and 1,113 random points (n % 849 on constructed sandbars and n % 264 on natural sandbars). Vegetation tended to be more abundant on natural than constructed

sandbar

Sidle and Kirsch 1993

Platte River

Table 2. Numbers of adult Least Terns (LT) and Piping Plovers (PP), percentages of all individual birds using sand pits, and the number of
sandbar and sand pit nesting sites on the central and lower reaches of the Platte River, 1988-1991. Data were derived from Lingle (1993a), and
Nebraska Game and Parks Commission (1988, 1989, and unpublished data), and Sidle et al. 1991,

Central Plaue Lower Platte

Numberofbirds  %birdsonpits  No.nestingsites  Number of birds % birds on pits No. nesting sites
LT PP LT PP Bar Pit LT PP LT PP Bar Pit

1988 124 96 61 62 6 16 497 161 26 19 24 11
1989 194 94 94 64 6 16 409 188 14 13 38 10
1990 176 74 a1 78 3 17 361 149 40 35 23 13
1991 158 58 87 76 3 14 205 78 30 37 35 1
Mean 163.0 80.5 83.2 70.0 4 15.8 390.5 142.8 27.5 26.0 300 1.2
SD 299 18.0 15.1 8.2 L7 L3 85.0 42.3 10.8 11.8 76 (]

We found 225 sand pits of which 78 were suitable and 187 were unsuitable for nesting. Along the central Platte, where sandbar habitat is severely degraded, birds nested at 81% of the suitable sand pits (N = 32) at least once during 1988-1991, and most birds (61-94%) nested on sand pits.
Along the lower Platte, where both sandbar and sand pit habitat are plentiful, birds nested at 60% of the suitable sand pits (N = 35) at least once during 1988-1991, and most birds (60-86%) nested on sandbars.

Carreker 1985

North America

The 1east tern habitat model considers the ability of the habitat to meet the food and nesting needs of the species as an indication of overall breeding season habitat suitability. This model was designed to address the major habitat variables that affect the occupancy of potential nesting
sites by least terns throughout their range, as indicated by the literature.

Table 3. Habitat varisbles between successful and non-successful interior least tern nests in

Conway et al. 2003 Texas Table 2. Habitat variables between i least tern pests and random sites in the Prairic i i i
Dog Town Fork of the Red River, Childress County, Texss, 1998, e Povicie Dog Town ek of the Red River, Childreas Conary, Tocss, 008,
- . e - Success (n = 13) Noo-success (v = 7)
Nests (n = 20)  Random (s = 20] . X = —_— X
Habitat variable ) SE (@) SE ¥ r Habitat varishla ! x) £ (0 SE F r
" - r P Distance to upland (m) 2632 343 3417 50.7 103 032
EE::::E: :3 55‘.1&;532.»; 2?3.‘; 22:? 2153; 2; ; g 3‘9 3#3 Distance to vegetation (m) 1.9 2.76 8.23 2.46 0.52 048
Distance o mudflat (i) W] 256 972 268 001  ogy  Distance lo mudflat (m) 181 274 ges 618 003 08
Distance o waler {m) 1983 352 1955 347 001 o095 Distance to waer m) 1964 451 2030 552 005 OB
Vertical cover? 1.0 0 1.0 0 000 1.0 Vertical cover™ | 1o 0 1.0 0 000 10
Relative elevation 14.2 29 14.9 28 0.01 0.94 Relative elevation 13,7 3.97 155 212 0.3 057
1. Micans followed by the same Ietler in the sam row did not vary (7 > 0.08). " L. Means followed by the same letier in the same row did not vary (P > 0.05).
2. Vertical cover measure using Robel pole (Robel et al. 1970) from cach of the cardinal 2. Ventical cover measure using Robel pole (Robel et al. 1970) from each of the cardinal
directions, 4 m from the nest and/or random poinl. directions, 4 m from the nest and/or random point.
3. Relative clevation measured as the difference between the nest/random sites and the mean 3. Relative clevation measured as the difference between the nest/random sites and the mean
elevation of the river bottom generated from random transects elevation of the river bottom gencrated from random transects.
Jenniges and Plettner Platte River Most data from the central Platte and 80% of the nests reported in this paper were on areas managed specifically for the successful nesting of Least Terns and Piping Plovers. The number of nests on natural river formed islands without mechanical modification; 17 nests in 1979 all flooded

2008

before fledging (Faanes 1983), 36 nests between 1985 and 1990 of which 18 hatched and produced no known fledglings (Lingle 2004) and post-1990 all but two nests have been on human created habitats with no estimate of success. The only documented successful fledging of Least
Terns from central Platte River islands comes from islands where the bare sand nesting substrate was created by some human activity such as vegetation clearing.
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Kirsch 1996 Platte River Least terns did not strongly select siteswith distinct sets of features of either habitat, and they did not occupy most of the apparently available habitat of either type.
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Stucker 2012 Upper Missouri River We found 866 of 869 nests on barren sandy substrates (86% dry sand, 14% wet sand) that were largely devoid of vegetation. Among these nests, the annual percentage on dry or wet sand substrates did not differ between natural and constructed habitats. We observed proportionally

more nests among wet substrates on natural sandbars (24-51% wet sand) compared to constructed sandbars (7-17% wet substrate) in each year. Among nests, significant differences were observed in substrates, amount of debris, and measures of vegetation between natural and created
habitats, and between microhabitat at nests and the surrounding area. In general, Least Tern nest sites had coarser and larger substrate materials at the nest, more debris, and shorter and less vegetation compared to areas within the 3 m surrounding area. Nests in constructed habitats
had a greater proportion of coarse substrates and less vegetation or debris than naturally created habitats. We determined fate, success or failure, for 95% of nests. Nest success among constructed sandbars (70%, n = 675) was greater than that observed among nests on natural sandbars
(37%, n=149).
Table 4. Count of Least Tem nests and surrounding area habitat assessments
included in study by point type (nest. surounding area) on natural and constructed

sandbars, for year of the study.
Matural Constructed
Swrounding Suroundnz
Year Mest Mest Mest Total
Area Area

' ;lgwe 2. Photographs demonst;ﬁu.g range of habitat variability atcieast Temnests

2006 64 54 208 208 m on constructed sandbars at time of discovery. Each nest is swmrounded by a 1-
m? quadrat frame. a). Nest in wrack bine. with abundant small debns, nest
furniture, and limited vegetation on wet sand and silt substrate (BM 827); b)

2008 40 40 293 286 333 Nest with nest furniture, small debris. n contact with the nest bowl,

2007 52 52 12

1
=
1
&

consolidated moist sand substrate with surficial pebbles (BM 770); ¢ Dry,
unconsolidated sand substrate (no vegetation, no debns) (FM 7335).

Total 136 136 713 706 869

Stucker et al. 2013 Upper Missouri River We documented habitat characteristics and fate for 869 Least Tern nests during 2006—2008. Eighteen percent of nests were located on natural sandbar habitats and 82% on constructed sandbar habitats. Several habitat characteristics of nest sites and surrounding areas differed between
natural and constructed sandbars (Table 3). We found 866 of 869 nests on barren sandy substrates (86% dry sand, 14% wet sand) that were largely devoid of vegetation. Among these nests, the annual percentage on dry or wet sand substrates did not differ between natural and
constructed habitats, except in 2008 (X? = 46.3, df = 2, P < 0.001), when 46% of nests in natural habitats and 7% of nests in constructed habitats were located on wet sand. We observed proportionally more nests among wet substrates on natural sandbars (24-51% wet sand) than on
constructed sandbars (7-17% wet substrate) in each year. In general, Least Tern nest sites in natural habitats had slightly more vegetation than created habitats, with nest sites exhibiting less vegetation than surrounding areas. We suspect that Least Terns appear to key in on areas of
greater pebble concentration, extending >3 m from nest. Nests on constructed sandbars were in areas with more cobble, gravel, and pebble than the surrounding areas. Similarly, nests on natural sandbars were in areas with more sand and less silt than surrounding areas. Although
management of debris to encourage nesting in higher areas is possible, manipulating wet substrates under current water-management strategies aimed at increasing discharge through the nesting period will likely be contrary to evolved nest-selection patterns.

Faanes, C. A. 1983. Aspects of the nesting ecology of Least Terns and Piping Plovers in central Nebraska. Prairie Naturalist. 15(4): 145-15.
Lingle, G. R. 2004. Platte River Recovery Implementation Program Draft Environmental Impact Statement Response. Submitted to The Central Platte Natural Resource District. April 28, 2004. Grand Island, Nebraska.

West Density

Citation Location Findings
Akcakaya et al. 2003 California We examined a metapopulation model for the California least tern that can be used to predict persistence of populations along the Pacific coast and the effects of various management actions.
In our analysis of fledgling data from several sites, we did not detect significant density dependence.
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Schweitzer and Leslie 1999 Oklahoma We measured habitat features in 12 active (23 nests) and four inactive (< 2 nests) colony sites on the alkaline flat at Salt Plains NWR, OK in 1992 and 1993. Pooled internest data from 1992 and 1993 indicated that least tern nests were distributed randomly ion active colony sites.
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habitat Quality and Quantity

Citation Location Findings
Sidle et al. 1992 Platte We observed extensive mortality (eggs and chicks) of the endangered interior population of the Least Tern and threatened Piping Plover caused by natural flooding during the 1990 breeding season along the Platte River, Nebraska. Aerial videography of the Platte River before and after the flood
River revealed a 78% reduction of perennial vegetation on sandbars. The flood scoured vegetation from sandbars and greatly increased the amount of barren sandbar habitat that nesting Least Terns and Piping Plovers use.
r:: :ﬁmwulmm-lummm- [
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Smith and Renken 1991 | Mississippi | Habitat characteristics of interior Least Tern colony sites in the Mississippi River valley adjacent to Missouri were examined during 1985-1989. During 1985, Least Tern nesting colonies were located on sand islands and sand bars that differed from unused sand islands by the length of time sites were
River continuously exposed above the river. Sites used by Least Terns were more likely than unused sites to be continuously exposed for at least 100 d during the period 15 May-31 August. Colony sites did not differ from unused sites in general habitat type (sand island, sandbar on wooded island or sand

island accreted to the shore), nor in the amount of vegetation cover (< or > 10% vegetation cover). Within the study region, only one unused site that appeared to be suitable for tern nesting could be identified. The majority (87%) of 2027 nests located during 1986-1989 were on fine (52%) or coarse
sand (35%) substrates. Fifty-two percent of 1690 nests located in 1986-1989 were <25 cm from a stick or other drift material.

A.l5




Citation Location Findings
Taste 1. Mean = SE of habitat characteristics of interior Least Tern colonies and unused
"1 [ 3 vawsea islands or sandbars in the Mississippi River within the region where Least Terns nest
. 1 {Lower River Mile 827 to Upper River Mile 300, and sites outside the breeding range
l .IC:L‘:;I« PF
é . {Upper Rives Mile 31 1o Upper River Mile 361).
i Outside
N Unused breeding
=1 Colonics islands region
o {n = 14} (m = 24} (n = 48}
Mean days of continuous exposu
.@ o m  m o m i duarinigyls Mc;y-lsl -\.usguslpu * 101.6 & 4.0 BT £ 41 A4 = 3K
It 1. Do f e Lot Tor scbie s o it by caeory of Mean % vegetasion cover 9 +42 522 168 £ 123
days of continuous exposure, lower Mississippi River, 1985 —_— —
Leslie et al. 1997 Oklahoma | We investigated attributes of 5 colony sites of least terns nesting on the Arkansas River from Tulsa to Muskogee, Oklahoma, in 1992 and 1993. Nests at all colony sites surveyed were situated on sandbars at maximal distances to the narrowest water barrier from shores of sandbars to the river bank. Our
results suggest that river flows that elevate sandbars before the nesting season ultimately will enhance recovery of endangered least terns on the Arkansas River by reducing losses of nests to flooding, retarding establishment of vegetation, and increasing abundance of driftwood.
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Sherfy et al. 2008 Upper A focus of the Missouri River Research Program is the need to quantify acreage of emergent sandbar habitat as identified in the Biological Opinion. This Task focuses on least tern use of natural and newly created habitats. In 2007 we also recorded habitat characteristics associated with locations where
Missouri successful foraging was observed and a nearby (€200 m) randomly selected location. Characteristics collected at each of these sites included GPS location, water depth, temperature, turbidity, and fisheries landscape information. This information will help us describe and define least tern foraging
River habitat.
Sherfy et al. 2009a Upper "y
y MF_JP . B isisise Table 9. Numbers (n) of least tern and piping plover nests where habitat characteristics
Issourt were evaluated on the Missouri River in summer 2008.
River .
i Study Area Fover Mies SpecEs v Neaswremets
: Gavins Point T54-795 Laast Tem 192 -
Plping Plover 223 "
E:E{r;l] 1| Lewls & Clark Lake E26-832 Least tem 140 2
: ol Plping Plover £l "
Lake Sakakawea 1390-1508 Plping Plower 83 o i i, S w
r'u-u 'J‘:w-\Adu.uu-.-rl.‘p.'w--u.mm...-xx_mm Least Tam 79 I, 40, Jrend, 8
Sherfy et al. 2009b Upper This report describes the field methods that were used in 2009 and provides an overview of the data that were collected. Formal analyses and generation of research products are being conducted to adequately address each Task objective.
Missouri
River
Carreker 1985 North A review of literature pertaining to the least tern indicated that habitat for the three subspecies can be characterized by the same environmental variables.
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Kirsch 1996 Platte Terns tended to use river sites with large midstream sandbars and a wide channel, and large sandpit sites with large surface areas of water relative to unused sites on both habitats. Terns apparently did not use all potentially available sandbar and sandpit sites because discriminant function factor
River scores for used and unused sites overlapped broadly for both habitats. Terns did not prefer one habitat over the other. Although proportions of available sites used were greater on sandpits than on the river, proportions of available sand used did not differ between habitats. Proportion of terns using
each habitat was similar to proportion of available sand on each habitat.
N Table 21. Summary of habitat variables at least tern colony
Table 20. Summary of habitat variables at least tern cOlONY  gjes on sandpits along the lower Platte River, Nebraska, 1987—
sites on sandbars along the lower Platte River, Nebraska, 1987-  gp,
90.
Wetodnswee  Dgmuresin
Mo, Distance bo bank % of colony éuﬁ "-’i‘ etationt
Year sites (m) area® flaoded Year No. sites by water [m?
1987 3 5-25 05 1987 5 25-75 5-200
1988 4 25-120 0-10 1988 3 25-75 40-200
1989 6 85-165 80-95 1959 6 25-75 10-200
1990 & 0-190 0-100 1990 T 25-75 25-400
* That part of a calony site that terns actually used for nesting, beood-
% That part of & nesting site that terns actually used for nesting, i..E...a feeding chicks, and loafing.
brooding and feeding chicks, and loafing. Abundant vegetation = >50% cover and >80 em tall.
Stucker 2012 Upper During 2007-2008, successful foraging sites (N=416) were compared to a nearby random location (N=416) to evaluate evidence of habitat selection during successful foraging. We also used systematic surveys in 2006-2008 to identify Least Tern airborne locations within the river corridor (2006:966 sites,
Missouri 2007:2940 sites, 2008:2003 sites). Observed nest success among constructed sandbars was 1.8x greater than that recorded among nests on natural sandbars, but a greater proportion of nests on natural bars were in or adjoining moist habitats where they were frequently destroyed. Historically,
River scoured habitats and the comparative abundance of debris within sites may have been a cue indicating safe habitats as river stage decreased. Water management regimes during this study favored survival of nests on higher elevation sandbars which included limited areas of wet substrates, typical of

mechanically constructed sandbars. Within the greater landscape, Least Tern airborne locations within the river corridor were best explained by multi-scale logistic regressions; birds concentrated in areas with higher proportions of sandbar and wet sand habitats (200 m radius), while avoiding trees (50
m radius). When applied to a reserved sample of random locations, results suggest that in any given year, 40-97% of river corridor habitats were likely unsuitable for airborne terns. Despite the surficial visual uniformity of many aquatic habitats on the Missouri River, successful foraging (bird observed
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retrieving fish from water) by Least Terns was associated with shallow, slack-water microhabitats adjacent to emergent sandbars and within areas with a greater proportion of sandbar habitat.
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During 1979, sandbars within about 84 km of river channels were surveyed for tern and plover nests. Nest searches were initiated on 19 May and continued through 26 June. All nests, both hatched and active, were submerged by rising water on 21 June. Normal vegetational succession created some
problems interpreting the impact of vegetative growth on nest site selection. When early arrivals began selecting nest sites the sandbars were virtually bare. By mid-June, nesting cover had changed from the date of nest initiation. Thus, later nesting birds were required to choose and evaluate habitat
that was much different from that found earlier. The greater mean depth to moisture also suggested that terns preferred higher and drier habitat.
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Butchko and Small 1992

California

This paper documents the development and results of the predator control strategy in 1988 through 1991 in a major colony at Camp Pendleton Marine Corps Base near Oceanside, CA. It is offered as a case history which may be useful to resource managers as they plan a predator control program for a
wildlife resource of their concern. The goal of the program was to make the colony free of all known and potential predators during the tern nesting season. The 1988, leghold and raptor traps, shooting, gas cartridges, and baited eggs were used 7 days a week, and tern nesting results were
outstanding. An estimated 246 pairs fledged an estimated 365-409 birds. Virtually no nests or birds were lost to predators. In 1989, raptor control efforts were expanded to include pole traps for owls. An estimated 163 nests producing only 67 fledglings (Massey 1989). The primary reason for this was

considered to be that ground squirrel and harrier control was done reactively rather than proactively. In 1990, 293 pairs fledged and an estimated 275 - 335 birds (Belluomini 1991a). In 1991, 328 pairs fledged an estimated 377 birds, which was the highest ever recorded at Camp Pendleton (Belluomini
1991b). While many factors contributed to this success, the reduction of predation is considered to be a major factor.

Lavers et al. 2010

General

We review predator removal studies focusing on observed demographic responses of bird populations to the removal campaigns. From the 800+ predator removal programs identified, a small fraction (n = 112) reported demographic responses of bird populations. Change in productivity was the most
commonly reported response, which on average increased by 25.3% (2.5 SE) with predator removal. The predicted increase in productivity resulting from predator removal alone was insufficient to reverse the predicted population decline for 30-67% of bird species considered, suggesting that in many
cases, removal of predators must be performed in combination with other conservation actions in order to ensure a stable or increasing population.

Shwiff et al. 2005

California

Approximately 17% of the state’s breeding populations of the least terns remain at the Camp Pendleton Marine Corps Base near Oceanside, CA. This paper presents an empirical analysis of annual, fixed-cost budgets expended for reproduction-monitoring and predator-removal activities to protect this
shorebird. The ex post study covered the inclusive 7-year period between 1995 and 2001. Mean net current annual reproduction-monitoring and predator-removal budgets were US$80,115 and US$78,178, respectively; annual fiscal data were converted to bproxyQ variables of personnel time (h) for
analysis of economic effects. Mean time spent in reproduction-monitoring (3.12 h/day) and predator-removal activities (6.96 h/day) differed greatly. Expenditures for both reproduction-monitoring and predator-removal staff hours were associated with greater counts of tern eggs and adults, with
increased monitoring hours predictive of finding more tern nests and fledglings and increased predator-removal hours linked with fewer fledgling counts. Economic variables showed that the greater monitoring dollars invested in hours used to measure tern reproduction, the more Fledglings counted.
Regression analysis was used to obtain the estimates of the coefficients, and from this we were able to formulate equations to forecast the number of adults, nests, eggs, and fledglings, given fixed increases of 25%, 50%, and 100%, in the economic variables. Total nests and fledglings were influenced
most by monitoring hours. Even 25% increased funds for this activity was forecasted to yield 105.6% and 38.6% more nests and fledglings counts, respectively (Table 6). New nests lack prey items so it is not necessary for predator removal staff to invest more time in protecting these nests until the
presence of eggs. The difficulty in protecting fledglings is reflected by the negative sign on the coefficient for predator removal hours in the fledgling forecast. Fledglings are mobile, erratic, and vulnerable to a multitude of predators; this makes protection complex and time consuming. In many cases,
predator-removal staff increases their daily work hours, but remove fewer predators. This explains the negative relationship between forecasts of greater funds for predator removal hours and the fledgling’s variable.

Table
Predssor.semoval and mprodnction-maniioring badgets

Yewr 2003 Dolhs®
Pmduor Rk  Momitr Rmk

Table 6

Percent increase forecast for the dependent variables as a result of an increase in the independent variables

Development stige

dependent variabl:

Scaled independent variable

Monitor hours (%) Predator-removal hours (%) Total hours (%0}

25 0 oo 25 a0 o0 25 50 100

Adults Th 14.1
Total nests 105.6 2115
Eggs 42 8.5

Fledglings 386 77.2

4.8 1 16.7 8.1 16.1
29 S84 17l 12 26 5.5
10.4 0.8 415 42 %4 6.7
429 LR ) 171.7 249 498 5

&
5

* Adjasted for inflion

Fig. 2. Schamisic of e Tem Reg mdction Sysmem sd ssemesion of bislogiea), eccmmmic, mssceelagca, 0d oher varibles

Brooks et al. 2013

South
coast

The DSR of nests was primarily related to colony site, but year and estimates of predation risk also were related to DSR. Predation was the principal cause of identifiable nest loss, accounting for 47% of nest failures when the two years of data were pooled (n = 257). For failed nests, cause of failure was
classified as abandoned (eggs were cold and/or moisture was seen on the eggshell), depredated (signs of predation such as broken eggshells and yolk stains and/or evident predator tracks leading to the nest scrape), overwashed (cup next to a study nest contained saltwater, marked eggs found in
wrack debris that was recently deposited), failure to hatch (hatching never occurred although parents continued to incubate through subsequent nest observation intervals), or unknown (empty scrapes were observed before estimated hatch date and no sign of predation or overwash were evident). All
other causes of nest loss (i.e., nesting substrate such as a shell rake collapsed and human error) were defined as ‘other’. Nest fate was recorded as undetermined for nests where there was no clear evidence of success or failure. Cape Romain NWR has trapped mammalian nest predators although to
date these efforts have not occurred consistently across years or locations. Control of avian nest predators, if a desired approach of the Refuge, would prove far more difficult and likely require efforts to remove animals individually.

Brunton 1997

Northeast

The spatial and temporal patterns of breeding success of Least Terns were studied within a large colony at Sandy Point, Connecticut, an ocean beach on the East Coast of North America. Contrary to the ‘selfish herd’ hypothesis, nests located in the center of the colony suffered from significantly higher
levels of predation and had correspondingly lower hatching and fledging success than nests located at the edge (particularly during 1988). Causes of chick mortality were difficult to determine once chicks reached a week old and left the immediate region of the nest. Chicks older than one week moved
to the salt marsh area adjacent to the colony where long grasses presumably provided shelter.

There were no significant differences between years in nesting densities for the two regions (edge: Mann-Whitney U = 5; center: U = 8, n, =12, n2 = 12 in both cases). However, there was a significantly lower nesting density in the edge region compared to the center for both years (1987: Mann-
Whitney U = 52; 1988: U = 65, n, =12, n2 = 12 in both years, P < 0.01). Edge nests maintained a stable density throughout the nesting season, which may in part be due to the definition of edge. Center region densities peaked in early June during both years with slightly higher densities observed during
1988. There was no significant correlation between nesting densities and the proportion of nests that failed for either edge or center areas (edge: r =-0.31, P > 0.10; center: r = 0.25, P > 0.60), suggesting that other effects such as predation may be more important.
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Citation Location Findings
Koenen et al. 1996 Oklahoma Coyotes are major egg predators of Least Tern and Snowy Plovers and were the only mammalian egg predator identified on the alkaline flats from 1991 to 1994. About 5-60% of monitored tern and plover nests have been lost to coyotes annually from 1977-1994 at Salt Plains NWR. Annual nest success
for Least Terns was increased by electric fences only during 1991. However, pooling the four years of data effectively reduced the standard error and demonstrated an overall efficacy of electric fences to improve nest success of Least Terns. Although fences proved to be effective at reducing predation
on Least Terns and Snowy Plovers, there were a number of problems associated with fences on the alkaline flats.
Kruse et al. 2001 Upper Predation accounted for nearly half of all nest loss, the remaining was due to inundation, weather, abandonment, human, and unknown.
Missouri Chick shelter were not used and chicks ran past shelters to use vegetated areas or driftwood to escape predators.
River
Leslie et al. 2000 Oklahoma Predation was confirmed at only one colony in 1992; 18 nests and 10 chicks (Table 2) were lost to canine (Canis sp.) predation between 21 and 24 July 1992. Five episodes of predation were confirmed in 1993. Seventeen nests (13% of 133 losses; Table 2) were lost to canine predation at three colonies,
and three nests were lost to a domestic dog (C. familiaris) at another colony. Additional mammalian predation was indicated by the loss of 11 nests in a single episode at another colony. We observed a redtailed hawk (Buteo jamaicensis) capture one chick on 19 July 1993. Combined losses of nests and
chicks to predators were greater in 1992 than 1993, but it is likely that many losses to predators went undetected, particularly in 1993 (Table 2). In all cases of confirmed mammalian predation in 1993, depths of water barriers between colonies and the vegetated river bank were <15 cm. However,
presence, width, or depth of water barriers did not completely deter canids.
Szell and Woodrey 2003 | Mississippi | In addition to the direct flooding of nests, river level fluctuations also influence the degree of predation a colony site experiences. Sandbars remained isolated from the main shoreline for a greater portion of the incubation period during 1995 because river levels remained high. High river levels
River decrease the potential for mammalian predators gaining access to the colony sites via dikes or accreted shoreline. Raccoons gained access to the sandbar early in the season when river levels dropped sufficiently causing the sandbar’s attachment to the riverbank shoreline. The loss of 154 nests (41%)
on Porter Lake Dikes in 1997 was also due to shoreline accretion and subsequent Coyote (Canis latrans) predation. St. Francis Dikes was the only colony site that had consistently high nest and reproductive success across years. Such success may be attributed to the sandbar’s “isolation” throughout the
nesting season (water flowing around it throughout the summer), thus reducing the likelihood of mammalian predation. Barred Owls attacked incubating Least Tern adults during the evening, taking both adults and juveniles as indicated by foot tracks often leading to a pile of tern feathers and
mandibles. Foot tracks were also found leading from one nest to another. Such “foot-hunting” behavior has been noted in this and other owl species (McMillian 1998). Because Barred Owls are considered opportunistic predators and are known to nest typically from March through April (Mazur and
James 2000), it is likely that juvenile Barred Owls would be fed Least Tern chicks.
Kirsch 1996 Platte Most egg mortality was caused by predation on sandpits and by flooding on sandbars. Predation was suspected as the major cause of loss for chicks on both habitats. Path analysis revealed no strong or consistent correlations among mortality, numbers of nests and chicks, track trails of intruders into
River colonies, and habitat variables at colonies on either habitat.
Table 17. Mean frequencies of track trais at Ieas!rlem colony sites on sandbars and sandpits on the lower Platte River, Table 19, Spearman rank comrelations of proportions of least tem chicks known alive on each visit and numbers of chicks
Nebraska, 1987-90. The nesting period ran from nest initiation to when 75% of the nests became Inactive (hatched or destroyed). et atchod at & ooty w ) y $it8s on the o
The chick rearing period followed the nesling period and ended when the last chick f X ::'ﬂ::llaéy;:ur:l'arﬂco:s”:.m'::m:;ﬁg;zw&imﬁ:gfxmg ;ag::ym;;:;mmn;: gwmwh.eﬂsl:wﬂ &‘Eﬁmrﬁsﬂuwy of different types of track trails on sandbar and sandpit colony sités on the lower Platte
trail types and other variables were Spearman rank, and all other correlations were Pearson product-moment.
Total season Nesting Chick rearing Unused sites® Frequency of track trails
Habitat Year n 3 SE ] SE 3 SE ] SE Ne egif:': s Frequency of track trails — Habitat ]);‘lﬁglsl e Owl ATV gt Al tack
o~ Terrera ™
Sandbar 1987 3 076 0.19 0.82 0.22 0.44 0.10 Habitat Number Predation  ment predator Human owl ATV rquipr!\;m All trails Sandbars Prf(,pnn[ing of (h)igkg alive  —0.002 —0.010 0.007 —0.225% —0017
1988 1 0.68  0.16 088 023 030 008 Sandbars_Ne 0317 0574 0107 0303 0233 0113 0.3 n = 156 visits _ .
1989 6 066 028 071 034 074 046 O Depredtod eggs 0.288 Qe G103 -014d Sae Number of chicks batched 0242 0497 0306* 0561 0569
19890 6 1.34 0.38 057 0.26 2.08 1.10 2.50 0.50 Abandoned eggs 0.039 0143 —0027 -0.02¢ -0.037 o = i8stes
Sandpit 1987 5 039 004 046 014 032 012 Sandpits  Nests 0049 0B3* -0306 0268 0182 0013 0220 —o1g5 P Prpoiimelebickealive S0 0023 0106 -0 0016 0172
1988 3 047 007 037 003 070 025 Depredated eggs 0148  -0357  —0018 0284 -0392 0433 0235 Number of chicks hatche : - ’ .
1989 6 0.87 0.22 o,sé 0.23 103 0.36 Ahfndnmd eggggs ~0.529% 0459 0247 -0324 0433* —0.308 x[,., : 18 Sr“eh“ ke hatched 0222 0367 0226 0386 0050 0413
1990 7 166 040 145 054 173 087 304 087 T— -
* Significant cosrelation, P < 0.05 i
* Data from unused sites were collected in 1990 from 3 sandbar and 4 sandpit sites. ** Significant correlation, P < 0.01. *+* Significant correlation, P =< 0.01,
IStage Survival
Citation Location 1t Winter Survival 2" Winter Survival Adult Survival Study Design Sample Size
Massey et al. 1992 California The years that produced the smallest percentage of returning adults were 1982-1983. In 1982,208 chicks were banded but many did not survive to fledge. The This study encompasses the years 1983 to 1989, when we checked Venice nests systematically to find and color-band all banded,
productivity ratio was 0.4, and only 2% returned as adults to breed. In 1983, the productivity ratio was back up again (1.0) but very few fledglings of that year breeding adults. Table 2 shows the age at which 186 banded adults were first known to breed. While many bred at age two years,
survived the two-year interval until age of first breeding. the largest age group was the three-year-olds. The few that were trapped at age equal to or greater than five years presumably
TABLE 4. Demogruphic analysis. ] began their breeding lives elsewhere and later emigrated to Venice. The overall survival rate for adults, once they had returned to
S I P e Lo T TS B S o Y St 15 demas o — breed, was 0.88. When “young breeders” were separated from “older breeders,” survival rates were 0.81 and 0.92, respectively.
S S _ Batimaie Inierel il Tl TALE 2. Age of adults at Venice Beach when first trapped on nests {134 oF identified by color code (325
. wr o —~ -; . o - 194 T s e Return rates n= 186,
Cadorna Hatchling® EN 016 (013, 0.18) 0.03 0.01, 0.05) = ———— — e — - -
Numberof beeeding pairs 715 K32 1000 IS0 0067 1030 LJ64  L046  L00) 960 Ges 1353 140 Voung breederst 5 081 {0.72, 0.8T) 082 (0,66, 0.96) [r— _ Ape trramt B _
o tegieg e ms e s em o Older brecderst 5 09z (088095 0 10,68, 089) MEE i ] i i v y ¥ ¥ W
0 066 0% 08T 0% 062 Diemographic parametcrs Trapped Etl ] 7 & 5 2 2 0 1
Hatchling productivity** Py 1.00 (0.54,1.20) 0.98 (088, 1.05) Identificd by
40 & W4 WE 168 1% Breeding lifett L 963 (6,55, 14.48) a.97 (3.46, 8.10) colar code Bl n o o o a L o L
- s na N 14 _I.\Lellrll_s pr\_)dyc_u_\ﬂ'ﬂ F, 1.49 (0,93, 2.34) 01 0.06, 0.30) Toesl ss_z 75 7 6 5 N 2 2 (1] 1
0 L2 1) (1) ] Pt oF chickn bateed m Veasoe that esrm a2 sbalts tn Beeed Percent n 40 20 iz 27 11 11 o 0s
s B M EEEREERSN R -
i - . E'fm&;“"ufﬁ .éa‘f‘n?’ﬁ.ﬁﬁ'iam.-u 5, 4 5 - 5 TABLE 3. Return rate of banded adults breeding a1 Venice (both known and unknown age).
By om0 1 e Bout e, - o o T 3 1o T
Total !l:llll;' 0 7 e 42 58 59 64 %6
Total possible returns’ 0 S 48 &5 &9 74 04
New birds 56 1 23 1" 145 40 32
Return me (%) - &6 88 0 &6 1 73
Besvival 03% Conldescre -
Mg L] eshimaie Inirrval e e ot ot o o 3 emhancied ease of b W
2 il 1,82 (060, 0.93)
3 73 0,80 (0,72, .84}
4 4 1,910 (083, 0.9)
5 52 0,92 (085, 0.08)
& 43 093 (045, 0.04)
7 43 057 (078, 0.96)
1 11 087 (076, 0.97)
B 0 0,92 (080, 1.00)
10 1] 0.76 (050, 1.00)
1L k- 1.00 (100, 100
12 2 0.60 (0,17, LO0)
Renken and Smith 1995a Mississippi | During the non-breeding season, Least Terns migrate to and winter in Central and South America (U.S. Fish and Wildlife Service The estimated adult annual survival rate was 85% (SE = 0.057; During 1987-1990, 194 adult Least Terns were color-banded to estimate the adult annual survival rate
River 1990). It is not known what mortality factors affect adult Least Terns in that region, but incidental hunting and pesticides may 95% Cl = 0.73-0.95). During our studies, adult Least Terns died

pose threats to the survival of adults on the wintering grounds.

terrain vehicle in 1984.

from several different causes. At least eight adult terns were

killed by Barred Owls at one colony during 1988. We identified
the predators from foot tracks at kill sites. Another three adult
terns were shot in 1991 and another adult was killed by an all-

for the population in the lower Mississippi River valley. A total of 103 resightings were compiled and
40% (78) of the 194 banded adults was resighted at least once during 1988-1992. Program JOLLY was
used to calculate an adult annual survival rate. Model B, which assumes a constant survival rate and
time-specific capture probabilities was the most appropriate model for the data.
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Tams e Misisippl River
Whittier and Leslie 2009 Oklahoma A minimum estimate of chick survival over a 19 day period (assuming lost signals = mortality) was 5% of chicks surviving to the Our objectives were to estimate survival of chicks and study their movement patterns. In 1999, we
end of the study period and a high (assuming signal failor) of 27%. Five chicks fledged, six died, and fate of the remaining 14 was attached radio transmitters to 25 chicks and tracked them for 2-19 days depending on retention of
undetermined. Although chicks appeared to allocate a substantial part of their daily movement to nocturnal periods, average transmitter. Because fate could not be determined always when signals were lost, a high and low
rates of diurnal (7.6 m/h) and nocturnal movement (12.5 m/h) did not differ. Chicks primarily moved toward stable sources of estimate of survival was calculated. Kaplan-Meier estimates of survival were calculated first by
water. assuming that all lost signals represented mortalities, and second that these transmitters failed and
B o e (D e S o (e ol e sy smiend chicks were alive.
were tracked for <3 doys and never moved 30 m from the nest.
Mowe men t pattern All chicks Fledged Diied Unknown
Traweler (travel in a definite direction; = = 5) M4 0 20 60
Wanderer (wander mandomly from the nes = 4) 66 36 14 50
Sedentary (remain in the vicinity of nest; m = 2) 10 50 50 (]
Aron 2005 Upper 16% (Massey et al. 1992) 85.3 —94.1% (Thompson 1982) 85.3-94.1%; 88%; and Citing other studies
Missouri 85% (SE =5.7%, n = 194)
River (Thompson 1982,
Massey et al. 1992,
Renken and Smith
1995a)
Bailey and Servello 2008 Northeast Chick survival estimates were 0.73, 0.74, and 0.14 for the three colonies. Chick survival was estimated using mark-resighting data and methods for estimating survival when
Table 3. Esimaces of toial numbers of banded fedglings and fledgling success for three count methods compared individuals cannot be observed for > one period. In the present study, chicks generally could not be
";;“::“' [ku:dm”&m";:;:dﬂ:::::: 'ﬁmﬂﬂﬁ amalyses at peo Least Tera breeding calo- observed between day two and just prior to fledgling age. Consequently, resighting data were analyzed
. ) £ F : relative to chick age rather than survey date, and four age intervals were used in the analysis to produce
Crescent Surf-lausdholm an estimate of chick survival: 0-20 d (chick interval), 21-23 d, 24-26 d, and 27-29 d, except that the chick
liezch Higgins Beach interval for the analysis was 1-20 d for Crescent Surf as noted earlier.
i MNo. chicks banded = 96)  [No. chicks bandesd = 62) Tabie 1 . Less —
Mo of Fledging Mo, af Flexdging
fedglings SLOCES Medglings success'
Based on total banded Hedglings® T 0.78 i 0.7
Based on highest daily number of banded fledglings 5 058 LV 052
[single high-count method)®
Based on highest daily number of banded Aledglings plus o1 0.95 36 ]
highest mumber 14 o hefore and after the highest count
Based on Thompson and Skck (1984) method 6l LGS 20 e
'Fledging swocess is mlculated a5 number of Aedglings divided by the number of chicks hatched (e, no. of
chicks banded for this analysis).
*Total numbers of banded fedglings present during the nesting season were caloulated from chick survival es-
timates for the interval haich io ledging and known numbers of chicks banded. Note: estimates of iotal number of
banded fledglings based on mark-resighting anahyses and ol numbers of individual banded fledglings identified
in feld murveys were nearly identcal for the two colomies { 70 ve. 71 and 46 v, 44, respectively).
*The number of banded Aedglings potentially present on a single day on a resighting survey (Table 1).
‘Cownty + (Count, - 055 [Count,] ) where: County = the potential number banded fledglings in the second week
af the fledgling period, Count, = the potential number of banded fledglings in the fourth week of the fledgling pe-
ricdd. Mo fledglings were present in subsequent twoowesk perods.
Dugger et al. 2000 Mississippi | The mean daily survival rate for Least Tern chicks at Rkm 1431 was 0.951 (SE 0.03) with 95% confidence intervals of 0.899— Finally, although estimates of Our purpose was to estimate chick survival from hatching to fledging, for Least Terns nesting at two
River 1.003. Mean daily survival rate for Least Tern chicks at Rkm 1481 was 0.972 (SE 0.03) with 95% confidence intervals of 0.911- Least Tern survival from fledging sites on the Lower Mississippi River in Missouri, using mark-recapture methodology. We banded 110
1.034. Estimated survival of Least Tern chicks throughout the entire 17-d fledging interval was 0.43 at Rkm 1431 and 0.62 at to age at first reproduction are Least Tern chicks during 1995 on sand island nesting colonies situated at river kilometers (Rkm) 1431
Rkm 1481. still not available for any tern and 1481 on the Lower Mississippi River. We used Program JOLLY to compute survival point estimates,
. population, estimates of chick their associated variances, and goodness-of-fit tests for Jolly-Seber open population models.
[ ¥ 7 . . . .
T .EI.Ih-I_i: 1 i-.';u.'lliﬂ.'.u-. | ﬂljglng success reported as a percemtage of the nmumber of hatched curvival can be used to
CIECks that Uecged. decompose current estimates of
F sub-adult survival from hatching
ledging to age at first reproduction. For
Species accex Location source example, we can divide Massey et
Great Skua (Catharacts shra) TEH-95.3% Hamer et al. {12491} EL S£1T992) estl.maltfe of c;m:o;rna
Glancous winged Cradl (Lawrier mlavioesorns) LE-TA% Hun: and Huemt (1976} teazs 3 ernosti;vn;a rom t? ¢ tmg
Bomeate Tern [Sterma dnr;;g'.?.'&'ﬁ 90%-97%  Nisbet et al. (1995) o IZF( 1 )| Y our estimates
Commaon Tern (Sema Strmmds) e Langham (1972] Zstcirr:;tesz;vlj:zs:igrr:s:l:\fi:z:]l
Common Tern 62.3%TE 9% Lelroy and LelCroy (1574) : X
Common Tern B3 MNisbet (15TE) from fledging to age at first
Common Termn 0% |'_'“|_",!._,‘. —— I:lEIHEI'I reproduction of 0.26-0.37.
Arctic Tern (Sierma paradicaea) 0% Lttlery et al. [1985)
Least Tern 13%-62%  This Study
Lombard et al. 2010 South This model yielded a daily survival probability of 0.95 + 0.02 for a period survival estimate of 0.30 + 0.11. We report nest and chick survival and colony-site dynamics of the Least Tern. These results are the first
coast for the Caribbean and were derived with likelihood-based approaches from 4640 nests and 44 chicks

A.19




1 Winter Survival

Citation Location 2" Winter Survival Adult Survival Study Design Sample Size
fitted with transmitters monitored in 52 colonies at St. Croix, U.S. Virgin Islands, 2003—2006. All nesting
sites were surveyed every four days from mid-April to mid-August.

Sidle et al. 1992 Platte Extremely high flows between modal nest initiation dates and modal fledging dates (6 weeks later) are likely to cause severe T s s ooy e eosteets e e Mt Brew, T

River mortality. Sa % N Meem Ted% DhTeekes
v T i e e e ey R

Lrer LT LT 1.!:‘" LrTr LTer

T T -
o S B OB B o w o
I
L.e2un ievre sl pipineg pheers temestod afier kg, rgn o chicks from oaher cousts b 1986 aed] 1989 bot
s measared o U5 Grvdogiad Surer goonh 2t Morh Bend s Ll Kl
“Flooding coourred in ke June afee most ess had s b,
T ok o b ey oo b et it nd eed g pes aring, The scend
e e e e T i e ot ol
el

Akcakaya et al. 2003 California Tabie 2. Hasching to fedging surival rale of Calicmia leas! lern at Venios beach, Caliloria, USA. L e e a0 ot ' e We examined a metapopulation model for the California least tern that can be used to predict

Faramerir : o years  EWS0 yoars Fsferance o caculaion persistence of populations along the Pacific coast and the effects of various management actions.
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Citation Location 1°* Winter Survival 2" Winter Survival Adult Survival Study Design Sample Size
Brooks et al. 2013 South The probability (+ SE) of a chick surviving from hatching to fledging = 0.449 + 0.01 (n = 92 chicks). DSR of chicks was negatively Daily survival rate (DSR) of nests and chicks was examined at four natural nesting sites in Cape Romain
coast related to tide height and rainfall. National Wildlife Refuge, South Carolina, 2009-2010. Daily survival rate of chicks was estimated
Tahle 3. Daily survival rate (SE) and probability of suc- I through banding and re-sighting efforts but was restricted to Middle White Banks due to logistical
ceas for Least Tern (Stomwls ansllarum) wess im Cape T constraints at other colony sites. We banded 1-2 day old chicks at Middle White Banks with a unique
mlﬁﬁ;’:ﬁﬁﬂf;m' j:lfil:m!:,ﬂ;:; e _:.a.! . color-band combination (2009: n = 35; 2010: n = 57). After the first day of banding, 2-hr observations
rate raised 0 an exponent equal w ?1 jincobation 1| : were conducted every 2-5 days to re-sight banded chicks. In 2009, re-sight surveys were conducted by
days). All estimates were calculated by using coefhi- one or two observers simultaneously, and in 2010 two or three observers conducted re-sight surveys
cients and sandard errors of the mosi-supporeed mod- .
el from Tahle L. o . simultaneously.
Diaity Probability I —
Wariahle Best Sorvival af Swooess
cﬂlﬂﬂ_\' ﬂu o (8) Rainfall
Lighthouse Isksnd D06 [ OU006) . 5-. .
Cape lsland 0450 [0L00%) w gl :
Micdle White Banks 00996 (0.001) b e .
Year : ::J . -
FHH 0.959 (0.003) ;
2010 07T (0.DaL) .
Predation risk REREERI L
N 986 [0L001) 0.749 ‘ e
Yes 0916 (0004) 0160 i i) chik i Cap R Nadons V.
life Refuge, South Carolina, 2009-2010.
Kirsch 1996 Platte Mortality of young and productivity did not differ between sandbars and sandpits, but varied tremendously among colonies Available habitats of both types were characterized and quantified using aerial See table.
River within both habitats. This variation and the small number of sites studied would make it difficult to detect a small difference in videography (1989-90), and habitat use was assessed from census data (1987-90).

productivity between habitats. Chick mortality also was slightly density dependent on sandpits; reasons for this relationship
remain unclear because there were no strong, consistent correlations between number of chicks, disturbance by predators or
humans, and chick mortality.

Table 14, Comparisons between sandbars and sandpits of instantaneous rates of laying, egg, and chick mortality for least tem
young along the lower Platte River, Nebraska, 1987-90.

Habitat
Sandbar Sandpit
Maortality rate n £ SE " i SE Student's ¢ df P
Laying 19 0.216 0.017 21 0.207 0.024 0.320 38 0.751
Egg 19 0.548 0.083 21 0471 0.082 0.661 38 0513
Chick 18 0.873 0.077 19 0722 0.075 1.394 35 0.174
Owerall 19 1.225 0.066 21 1.082 (.048 1.785 38 0.087

Productivity of adults and causes and correlates of egg and chick mortality were
estimated (1987-90).

Thompson, B.C. 1982. Distribution, colony characteristics, and population status of least terns breeding on the Texas coast. Ph.D. Dissertation. Texas A&M University, College Station. 124 pp.

IS'ite Fidelity, Immigration, and Emigration

Citation Location Findings
Boyd and Thompson 1985 | North The observation of one nest in the Quivira National Wildlife Refuge, Kansas, producing young from a four year old female banded in Port Lavaca, Calhoun Co., Texas, approximately 1250 km S of QNWR and a four year old male banded at QNWR demonstrates that genetic mixing is occurring
America naturally between members of these adjacent populations. The magnitude of such mixing cannot be estimated from this single event, but the low probability of a band recovery/return for this species (ca. 0.5%) suggests that it could be a reasonably prevalent phenomenon. Site tenacity of the
Least Tern is only 50-55% at QNWR (Boyd, unpubl. data), whereas populations on the west coast experience 90-95% site tenacity (Atwood, pets. comm.). Both Atwood, with Least Terns, and Austin (1951) with Common Terns, suggest that the birds tend to disperse more from less stable nesting
sites.

Lott et al. 2013 Central US We compiled data from > 200 published papers and reports into a Geographic Information System (GIS) for additional analyses. We define a breeding “population” as a collection of nest and/or colony locations that are “connected through frequent dispersal, occupying a collection of habitat
patches that lack large intervening areas of nonhabitat relative to dispersal distances.” We used ILT breeding colony locations from 2002 to 2012 and dispersal information to identify 16 populations and 48 subpopulations. More than 90% of ILT and >83% of river km with suitable nesting habitat
occur within the two largest populations.

Results of Least Tern dispers| studies @ A sdulty [Atwood] &
: % ~ T
i & WA sduts (atwood)
g E * & A achults [884)
E &0 + AC chicks (BOL)
. W @ Cimmarron psuity
: % :‘31 @ Plame aduins
:‘i " & Mesiuipps adulis
& ILT aduls [884)
< ,E-. & Miashuippl chicks
-+ ILF chech | DOL)
Renken and Smith 1995b Mississippi During 1987-1991, 194 adult and 1,674 juvenile interior Least Terns were banded during the breeding season within a 210 km stretch of the lower Mississippi River. We attempted to resight Least Terns in subsequent years (1988-1992) to determine site fidelity (the return of a bird to the colony
River where banded) and distances terns moved from banding sites. Forty percent (78) of all color-marked adults and 1% (19) of all banded juveniles were resighted at least once following banding. Adult Least Terns did not display strong site fidelity. Terns were as likely to use another colony in a
subsequent year even when the original colony site was available (above the river surface), or they had nested successfully at the original colony. Our observations support the notion that birds inhabiting unpredictable and variable environments will display little site fidelity toward breeding sites.
Even though Least Terns showed little site fidelity to a colony, terns tended to return to the same general region of the river. Most (97%) adult terns moved approximately 9.1 km (median distance, rang = 1.5-80.0 km) from the original banding colony. Least Tern chicks also displayed little site
fidelity for their natal colony. Only one of 19 resighted chicks returned to its natal colony site in a subsequent year. Some adults and a chick banded within our study region dispersed 300-1000 km from the Mississippi River valley.
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Citation Location Findings
Atwood and Massey 1988 | California From 1973 to 1983 a total of 5,425 Least Tern chicks were banded The degree to which Least Terns exhibit year-to-year fidelity to particular colony sites, as well as fidelity toward their natal colony sites, was examined using banding recoveries from 328 known-age birds (banded as chicks) obtained
in California. From 1983 to 1986, individuals at Venice Beach had high rates of return (annual rate of return = 78%) to colony sites where they had nested during the preceding year; of those few birds that switched colony sites between successive years, most (92%) moved only short distances from
the previous area. Least Terns also showed a significant tendency toward nesting at their natal colony site.
TABLE 2. Fidelity to natal colony sites in Least Terns.
Dipserved recov- Expected recoveries
cnies from natal from natal colony
Colomy* Year Toul recoverics colony site il x
TABLE 1. Numbers of Least Tern chicks banded in California, 1973 to 1984, gg {:gi i'; I; :;E lggg:‘
— HB 1985 15 5 2.52 2.93
Coony o — = — - = — — = = = HB 1986 2% 9 3.69 8.90*e
HB 4 35 15 9 105 66 61 69 104 vh o5 phy N S i
o - - - 2 - IRl
VB - - - - — 12 168 8 213 178 173 47 333 133‘; i: 33 :2'25 %.1)"1'(15“
T - - s a4 n - - - 19 48 40 7 b : ST
MISC 87 421 30 151 159 355 360 401 277 633 596 VB 1986 50 _30 14.55 23.13
Total a1 44 26 345 2497 386 621 683 6499 564 915 754 * Colany abhreviatians as follows: HB « Huntington Beach, VB = Venice Beach.
* Assuming random distribution of breeders relative 10 their nawl colony sites.
* Calory site abbreviations as fallows: HR = Huntington Beach, VB = Venice Beach; Tl = Terminal lland; MISC = colonies ather thas HE, VR, * Rased on 2 ontingency table comparing observed v, expected numbers of recoveries at natal and nonnatal colony sites. Chi-square significance
or T levels (df = 1) indicated as follows: ** = P < 001, * = P < (.05,
* Number of chacks tanded.
TABRLE 3. Anmual and intercolony waration in site Gdelity in bresding Least Terms.
Wear
Coalofiy 193 1984 [LIES (£ T
Wenice Beach BE (21] S8 159 BI[54) B6 [HE) T8
Huntlngron Beach 4013 42 (3 5L TEL19) 57
Terminal lslandd b0 ey 38 (34 36 (500 4T (38} &3
* Peroet af 1he previous vears banded popultiod (o indeied in parerniboses tiar was docemented 28 toeeding daring the wpecilled vear. Thas,
ol T banded individanls daan nesied a1 Wemipe Beach im 1587, BEW peliysd 10 Bidsd an oais 3lg In 1983
Akcakaya et al. 2003 California We examined a metapopulation model for the California least tern that can be used to predict persistence of populations along the Pacific coast and the effects of various management actions.
i Takde & Dinperdal rates wied in our Calfonra least been msts-
P population model: percentage of Indhviduals moving 1o oiher
3 papulstions in 5 distancs dasoes,
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Carreker 1985 North Nesting sites generally are characterized as unstable areas created and maintained by tidal action or flooding. Due to the sometimes transitory nature of nesting habitat, least terns have been described as having strong group adherence and weak site tenacity, which may aid in discovering recently
America created habitat (McNicholl 1975). In some cases, however, site tenacity can be a more important determinant of site selection than the physical characteristics of an area (Gochfeld 1983; J. L. Atwood, Department of Biology, University of California, Los Angeles; unpubl.). Least tern colonies can
display high site fidelity by continuing to use an area year after year for as long as the site remains suitable (Burger 1984), including marginal sites where successful reproduction has occurred previously (Massey and Atwood 1979). In New Jersey, colony sites were abandoned only when predation,
human disturbance, or vegetation encroachment reached intolerable levels (Burger 1984). Terns returned to and nested at sites where colonies were completely wiped out the previous year when such sites had been in use for several years. Year-to-year fidelity has been documented for least
terns in California by Atwood (unpubl.), who also found that least terns tended to nest in the general vicinity of their natal colonies. Of 190 banded birds studied, approximately 50% nested within 25 km of where they were hatched, and over 80% nested within 50 km of their natal site.
Overwinter Habitat
Category 1 Category 2 Citation Location | Findings
The wintering area of interior least terns is unknown. However, least terns of unknown populations or subspecies are found during the winter along the Central American coast and the northern coast of South America from Venezuela to northeastern Brazil. Roger Boyd
Reproductive Overwinter Sidle and Central (personal communication 1986) reports that about 35 least terns have been recaptured in South America, mostly in Guyana. One interior least tern banded by Boyd, was captured in El Salvador two years later. Also, a banded California least tern was recaptured in
Success Habitat Harrison 1990 us Guatemala.

Population Trends through Time

Citation Location Observed Trend Study Design
Boyce et al. 2002 Platte The risk of extinction for least terns will be reduced if we can sustain the small central Platte River population in addition to the larger population We review the theoretical rationale of bet-hedging and suggest applications for conservation management of least terns in Nebraska.
River on the lower Platte.

A stochashc densiry-gependsnt model denved UsIE
diffusion theory (Foley 1984, 1807) was used to estimate
the time to esfinciion for both the cemimal and lewer

Platte terms:
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where r i3 the per capifa rate of populatdeon changs; A, is
the In of initial population size: & is the In of carmrying capacity and Vr is the variance in r
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Citation Location Observed Trend Study Design
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Brown et al. 2001 Northeast | Since 1974, the Least Tern population on Long Island has increased 49 percent from 1,719 to 2,560 pairs in 1997 (linear regression, P = 0.029), buta | We identified changes in nesting populations for 18 species of colonial waterbirds in Jamaica Bay Wildlife Refuge (JBWR) and on Long Island (LI),

quadratic regression analysis indicated that this population has been declining, from a peak of 3,800 pairs, since 1983 (P = 0.006, Fig. 4a). during 1974 - 1998, to provide a basis for future wildlife management decisions. We assume that that count data were obtained using sufficient
sampling effort and represent reasonable estimates of actual numbers because ( 1) waterbird colonies are conspicuous and often found in traditional
IR0 e T T, locations; and (2) considerable effort has been given to improve the accuracy (identify/correct sources of error) and precision (standardized
technique) of colonial waterbird census data since the mid- 1 970s. Count data were log-transformed to reduce heteroscedasticity (Zar 1996). We
used linear and quadratic regression models to determine fit (based on highest r~ value) of transformed count data to year for each species during
_ g 1974-98 (Table 1 ). We reject the null hypothesis (no trend) if P < 0.05 and report the meanz 1 SD population size.
. . Figure 4. Estimates
: .+<+ | (nesting pairs, y-axis)
- ¥ of (A) Least (open
boxes) and Roseate
i T Wl . (solid boxes) Terns and

Burger 1989 Northeast In successive years a trend has indicated increased population levels, and reproductive success, and decreased and then increased number of This paper presents an overview of ten years of monitoring and managing of least terns in New Jersey under the auspices of the Endangered and Non-
colonies. During this time, monitoring and managing efforts have increased, suggesting that they are effective in very slowly restoring population Game Species Program of New Jersey. The program involves monitoring population levels and reproductive success, protecting colonies from people
levels. and predators, manipulating vegetation and habitat, and actively attracting least terns with decoys. In New Jersey we monitored the number of

- breeding pairs and number of active colony sites for 10 years. The high count in 1976 reflected a count from a helicopter census and may be
= unusually high because non-breeding birds were counted.

Palacios and Mellink 1996 | California On the basis of the numbers of nesting pairs at each colony in 1992-1994, the breeding population of the Least Tern in the part of the Gulf of Between 1985 and 1994 all known and potential nesting sites of the Least Tern along the Gulf coasts of Baja California,Baja California Sur and Sonora,
California that was surveyed was estimated to be about 400 breeding pairs. Disturbance by off-road vehicles is the main problem for the Least Tern | Mexico, were surveyed with especially intensive field work in 1992. Twenty-nine nesting sites were found; of which some might constitute clusters of
in the Gulf of California. alternative sites.

Parnell et al. 1997 South This paper summarizes information and assesses changes in colonially nesting bird populations from information gleaned from the 1919 and 1942

coast editions of Birds of North Carolina (Pearson et al. 1919, 1942), from Audubon Warden reports, from partial surveys by Quay, Parnell, Soots and others
between 1942 and 1995, and from data gathered during 5 coastwide surveys conducted since 1977.
¥ cccupiod st fo ity st i, 157710 195, Least Terns were apparently abundant in North Carolina in earlier times, but numbers were greatly reduced by plume hunters. Pearson et al. (1919)
Y reported them to be rare at the turn of the century, but by 1906 they recorded the presence of 700 young in Pamlico Sound. In 1939, a systematic
- = = = search of the coastal beaches located 23 colonies and an estimated 25,000 adults (Pearson et al. 1942). In 1955, Funderburg and Quay (1959)
H H " H reported 13 colonies containing 512 nests along a 95 mile stretch of beach in southeastern North Carolina between New River Inlet and New Inlet.
2 H H g Since 1977, peak nest counts have varied between 1,528 and 2,154. In 1993, the first roof nesting colony was found at New Bern. In 1995, that
1 “ - colony was still active, and colonies were found on roofs at Nags Head and Wilmington. It is very possible that there are additional roof nesting
= colonies, as our surveys did not cover all coastal shopping centers. Mean annual turnover (16%) was lower than reported from Louisiana (Visser and
5 > S > E Peterson 1994) and Massachusetts (Erwin 1978).
= e Colony turnover was highly variable among species (Table 3). Site fidelity was generally higher for
wading birds than for terns and skimmers.
Kirsch and Sidle 1999 Central US | Population trends were estimated for 31 local areas surveyed >3 years. Five areas had significant positive trend, and 2 areas had significant We estimated population trends from surveys conducted during 1986-95 at 3 spatial scales: (1) "local areas," which included river reaches, reservoirs,

negative trend; no trends were detected for the remaining 24 local areas. Trend for the entire population was positive (A = 1.090, 95% Cl = 1.056-
1.111, n = 31 areas). However, when data from the Lower Mississippi River were excluded, trend was positive but the 95% confidence interval

and distinct salt flat areas; (2) "drainage area," which included the upper Missouri River, Platte River, and Lower Mississippi River basins; and (3) the
entire population. We defined trend as the finite rate of increase (A), where A = e" and r is the slope of the regression of the natural log of least tern
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Citation Location Observed Trend Study Design
included 1 (A = 1.024, 95% Cl = 0.998-1.045, n = 30 areas). Minimum fledging success needed to support observed population trends was 1.12 numbers on year.
fledglings/pair for the Lower Mississippi River drainage, 0.52 for the Platte River drainage, and 0.59 for the upper Missouri River drainage. For the
interior population as a whole, fledging success of 0.899 was needed to support the trend (A = 1.090) based on all the, data, whereas fledging
success of 0.601 was needed to support the trend (A = 1.024) when data from the Lower Mississippi River were deleted. The most plausible
explanation for the recent increase of the interior population of least tern is surges of immigration from the least tern population along the coast of
the Gulf of Mexico. Site fidelity of interior least terns varies among areas and has been estimated as 29% on the central Platte (Lingle 1993a), 80%
at sites in Kansas and Oklahoma (Boyd 1993), and 42% on the Lower Mississippi River (Renken and Smith 1995b). Natal philopatry has not been
reliably estimated, because of the low resighting rates of least terns banded as chicks (1% [Renken and Smith 1995b], 1.3% [Boyd 1993], 5% Lingle
1993a).
Schuetz 2011 California While the breeding population grew from approximately 1,253 to 7,241 pairs (578%) during the study period (1988-2009) both clutch size and | assembled data on California least tern population size, clutch size, and fledgling production at 27 breeding sites throughout California using
fledgling productivity declined. Clutch size decreased by approximately 0.27 eggs (14%) from 1990-2004 then showed a moderate increase of 0.11 California Department of Fish and Game (CDFG) breeding season surveys (1988-2009).
eggs from 2004-20009. Estimates of fledgling productivity showed a similar pattern of decline and moderate increase even after controlling for
clutch size. Latitude was a significant predictor of productivity (Figure 6D, p,0.0001) with northern birds fledging young more efficiently than
southern birds, even while controlling for larger clutches in the north.
: A : B
i B\
;?--- \ . - ——
e e e e A ot Do ot o s et S
Aron 2005 Upper | USCOE Monitoring Program
Missouri "
River i i
Las
Elliott et al. 2007 California The estimated number of breeding pairs at Alameda Point increased from ten pairs in 1976 to 379 pairs in 2004. The average rate of growth was The objectives herein are 1) to describe the breeding phenology and success of Least Terns at Alameda Point and 2) to evaluate the status of this
10.4% per year (B = 0.0986, SE = 0.014, P < 0.001; Fig. 2). northern population. Discussion on the factors that may be limiting the growth of this population is also presented. Through contracts with the U.S.
Navy and USFWS, the colony was managed and protected by the Golden Gate Audubon Society (1979-1999), PRBO Conservation Science (2000-2001)
and USFWS (2002-2004). Golden Gate Audubon Society personnel monitored the colony almost exclusively from outside the site and occasionally
entered the colony to collect dead nestlings, non-viable eggs, and dropped prey (Collins 2000). However, PRBO and USFWS biologists entered the site
on a regular basis to collect the necessary data. Estimates on population size, breeding success, and dropped prey composition were compared for all
years (1976-2004).
The nesting area is located on the runway complex of the former Naval Air Station, Alameda. The breeding site (hereafter referred to as “the site”)
was enclosed in 1981 by a 0.91-m high electric fence with hardware cloth near the bottom that acted as a chick barrier. The fence was designed and
erected to reduce access by mammalian predators and perching by avian predators. The fence lost its charge in 2001, but still provided an effective
barrier to ground-based predators. In April 2004, the U.S. Fish and Wildlife Service (USFWS) replaced the derelict electric fence with a 1.2-m high
chain link fence, and the fence was shifted north 20 m to avoid a storm water drain and a highly vegetated portion of the original tern colony. With
.l i i the new fence in 2004, the site was expanded from 2.4 to 3.9 ha. The substrate within the enclosure consists of asphalt covered with soil, pea gravel,
. - . — e 00 2008 sand, and oyster shells, all of which were added to improve the breeding habitat. Cylindrical clay tiles, wooden A-frame structures, and driftwood
oir were randomly placed in the site to provide shelter and protection for nestlings. Cinder blocks were also placed in a grid system within the site to
Figure 3. Esimaied population size of the Alameda form approximately 20 m x 20 m grid cells to aid in the mapping of nest locations.
Poimt Least Tern colony from 1976-2004. (* = El Nigo
years. Years of imporant site changes are noved: 1981 =
eleciric fence was erecied; 1997 = MNaval Air Siaidon clo-
sure; M = chain link fence erecuesd.)
Sherfy et al. 2008 Upper 190300 ey Cor £TE Ot In 2006 and 2007, we located and monitored least tern nests and chicks on 3 created sandbar complexes and 5 natural complexes on the Gavins Point
Missouri = Reach (hereafter, the “focal sandbars”). In 2007, we also began monitoring 2 newly created sandbars and 1 natural sandbar on Lewis and Clark Lake.
River We monitored nests on 17 4-mile river segments on the Garrison Reach.
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Citation Location Observed Trend Study Design
Kirsch 1996 Platte Although sandbars and sandpits appeared equally suitable and terns did not prefer either habitat, local productivity will not support this population | Available habitats of both types were characterized and quantified using aerial videography (1989-90), and habitat use was assessed from census data
River unless annual postfledging survival is higher than current estimates for the species. Population trend estimated with fledglings per pair = 0.50 was (1987-90). Productivity of adults and causes and correlates of egg and chick mortality were estimated (1987-90). Population trend was assessed with
negative for all but the highest (ca 0.90) rates of annual postfledging survival. Furthermore, deterministic models like the one used in this study a deterministic model using my estimates of productivity and a range of survival estimates for Laridae reported in the literature.
overestimate trend.
Table 22. Estimated population trend (r} for model least temn populations with 0.50 fledglings per pair, 6 levels of survival from
fiedging to 2 years of age, and 6 lavals of annual adult survival.
Adul Survival from Dedging to 2 yrs
surl-"f\-:ll 30 040 0.50 065 070 B0
0.70 —0.260 -0.225 =(.191 —0.166 —0.143 =120
0.75 —0.209 —-0.175 —0.142 -0.119 —0.096 —0.074
Q.80 —0.161 —0.128 —-0.096 -0.074 =0.052 =031
0.85 -0.116 =083 —0.053 —0.031 =0.010 0.010
0.90 —0.072 —0.041 —0.011 0.010 0.0:30 0.050
0.95 — (LN 0,000 0.029 0.049 0.069 0.088
Genetics

Citation Location Findings

Massey 1998 General Here | briefly summarize evidence supporting the separation of Least and Little Terns and make a case for considering all populations of Least Terns on the west coast of the Americas as one subspecies (browni) until and unless field studies indicate otherwise.

Geographic isolation, along with measurable morphological and/or vocal differences is considered a necessary, if not a sufficient, condition for the evolution of subspecies of terns. Morphologic differences used to separate mexicanus and staehleri from browni do not stand up to scrutiny; the single-
sentence descriptions, small sample sizes, and casual measurements would not be acceptable today.

Thompson et al. 1992 | Texas Analyses of seven bill, leg, wing, and plumage characters measured from 267 museum specimens of adult Least Terns revealed significant morphological differences between sexes but not among three subspecies (antillarum, athalassos, and browni). While individual morphometric characters
sometimes did not overlap between a pair of subspecies, discriminant analysis employing criteria developed from the complete morphometric data set correctly classified >90% of antillarum specimens but misclassified 39% and 51% of athalassos and browni specimens, respectively. Cluster analysis did
not segregate specimens into groups consistent with current subspecific taxonomy. Electrophoretic variation in proteins encoded by 50 loci revealed no genetic distinctions between S. a. antillarum and S. a. athalassos for 22 specimens from four breeding sites on the Texas coast, Rio Grande, and Texas
panhandle rivers. Morphometric analyses presented here seriously question existence of distinctive differences previously proposed in describing antillurum, athalassos, and browni subspecies. These analyses indicated that antillarum largely encompasses the range of measures inherent in North
American Least Tern populations for variables examined. This similarity is consistent with Massey’s (1976) suggestion that browni is indistinguishable behaviorally, vocally, and morphometrically from antillarum and Boyd and Thompson’s (1985) suggestion that mixing of antillarum and athalassos m ay
be more common than previously thought. Research reported here and by Massey (1976) indicated no practical means for distinction among the North American “subspecies” of Least Terns.

Whittier et al. 2006 North DNA sequence variation from two nuclear introns and part of the mitochondrial cytochrome b gene were used to evaluate population structure among three subspecies of Least Tern that nest in the United States (California [ Sterna antillarum browni ], Interior [ S. a. athalassos ], Eastern [ S. a. antillarum

America 1). Genetic indices for mitochondrial DNA did not differ among subspecies, and gene flows (reflecting female dispersal) ranged from 10 to 83 individuals/generation. Reservations are expressed about the validity of the current subspecific divisions and further research is required, including their

taxonomic relationship to the Little Tern (Sterna albifrons). Only two definitive measurements appear to distinguish all three subspecies of Least Terns in North America: breeding location (albeit vague where Interior and Eastern subspecies likely overlap) and feather colorimetry (Johnson et al. 1998),
which may be potentially confounded by environmental conditions during feather development. Because Least Tern subspecies cannot yet be differentiated consistently based on genetics, morphology, or behavior (Massey 1976; Thompson et al. 1992), we are dubious of their current subspecific
classification.

betection Probabilities

Reference

Location Findings

Shaffer et al. 2013

Upper Missouri River The practice of recording nests where no nest was found (but a brood was later found) introduces a bias into the data because detection of the nest was dependent on its fate (that is, if the nest had failed, it never would have entered the TPDMS because no brood would
have been seen). Guidance documents failed to acknowledged that the many sources of measurement uncertainty for terns and plovers (for example, movements, double-counting, nondetection) make obtaining a true census extremely difficult. Least tern and piping
plover chicks exhibit changes in their size and plumage during development that likely lead to differences in age-specific detectability (that is, they become less cryptic as they develop). Additionally, compared to piping plover chicks, least tern chicks are relatively inactive
prior to fledging and hide among vegetation or other physical structure at older ages; however, just prior to fledging age, they become more active and are more easily detected because they spend more time on sandbar shorelines. Behavioral changes are less pronounced
in piping plover chicks because they are precocial; however, physical features (for example, vegetation, rocky substrate) can make chick detection problematic. In situations where detection bias was known or suspected to be an issue (for example, counts of fledging-age
chicks) and we were able to estimate detection probability, we computed the ratio of the expanded total divided by the estimated detection probability to account for the imperfect detection. We recognized that our counts of nests were subject to imperfect detection and
we quantified that by estimating nest detection probability. Under the assumption that daily nest detection probability (DNDP) was homogeneous among and within nests, we estimated DNDP, conditional on a nest being active, as the number of nests found divided by the
cumulative number of opportunities to find those nests. Number of opportunities to find a particular nest was determined from the number of times the habitat unit (for example, sandbar) was nest-searched subsequent to the nest being initiated and before being found.
For example, a nest initiated on day 120 and discovered on day 130 on a sandbar that had been searched on day 123 and 127 would be credited with three opportunities for discovering that nest.

We estimated detection probabilities for the six possible combinations of species by study area: Piping plovers at GRR (n=354), piping plovers at GVP (n=713), piping plovers at SAK (n=251), least terns at GRR (n=335), least terns at GVP (n=986), and least terns at Lewis and
Clark Lake (n=1314). Although Lewis and Clark Lake was not a focus of the evaluation, we included chick detection data from there (2007-08), from GVP (2006—07) and from SAK (2006, 2009) to bolster sample size for estimating p.

A25




Table 26. Average number of attempts to relocate a fladging-
age chick [14-18 days for ternz, 18-25 days for plovers), and the
estimated detection probability from simulation by species and
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Roche et al. 2014

Upper Missouri River

We individually color-marked, recaptured, and re-sighted 1,635 interior least tern chicks and 1,318 piping plover chicks from 2006 to 2009 at 4 study areas along the Missouri River and investigated effects of observer-, subject-, and site-level covariates suspected of
influencing detection. Increasing the time spent searching and crew size increased the probability of detecting both species regardless of study area and detection methods were not associated with decreased survival. However, associations between detection probability
and the investigated covariates were highly variable by study area and species combinations, indicating that a universal mark-recapture design may not be appropriate. We conducted mark-recapture of piping plovers at SAK in 2006-2009, at 37 sandbars at GRR in 2007,
and at 31 sandbars at GVP in 2008-2009. Mark-recapture of least terns occurred at 37 sandbars at GRR in 2006—-2007, at 31 sandbars at GVP in 2006—-2009, and at 4 sandbars at LCL in 2007—-2008. Following chick banding, we revisited each sandbar or shoreline site every 2—
3 days and resighted or recaptured chicks. Searches were conducted systematically in a grid formation.

The location of vegetation on a sandbar (or lakeshore) along with the shape of the sandbar itself, can have serious consequences on the ease at which resighting or recapture occurs, with large sandbars punctuated by several discrete vegetated areas offering some of the
most logistically difficult conditions, and narrow unvegetated relatively small sandbars some of the easiest. Given that 1) increasing search times is probably more cost effective than adding additional team members to a crew, and 2) increasing search times increased the
probability of detection for both species at all study areas, the most efficient means by which to increase overall daily detection probability would be to increase the length of site visits.

Not Used

Category 1 | Citation Location

NA Hillman et al. 2013 | South coast

NA McGowan 2013 General

NA Sherfy et al. 2011 | Upper Missouri River
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Model Parameters from Literature Review

Juvenile
Survival Inter-
Adult (survival of Slope Power Detectability  Detectability Reach Dispersal  Dispersal Nest .
G Hlorels Survival hatchlings Intercept (density) | Peaking (adults) (fledglings) Dispersal Adult 1st Year | success Resaner
through their (1st yr)
first winter)

Buenau et al. Nominal
2014 Value 0.8 0.6 0.54 -0.31 0 0.64 0.7 0.95 0.4 0

Estimation CV 3.2% 9% 17% 24% 22% 25%

Temporal CV 1% 1% 5% 1% 1% 1%

-0.31

Nominal 54
USACE 2013 omina 0.783 0.6 054and —g. 075 064 07 0.95 0.4 0

Value 1.21

1.11
17%and  24% and
1 1 0, 0, () 0 0,

Estimation CV 9.6% 9% 19% 3% 75% 22% 25%

Temporal CV 1% 1% 5% 1% 1% 1% 1%
Catlin (2009)  Nominal 82% 78% 0.055 0.246 58% 30%
Thesis Value
Upper Missouri 357 685 357 599 599
River

Estimation CV 17.13% 383% 59% 521%

Number of ) 1, but two ) 3 3

Years strata

Temporal CV 0.17% 3% 139% 22% 5% 9%
Roche et al. Nominal 08
2010c Value ’
General N= 451

Estimation CV 66%

Number of

Years

Temporal CV
Gaines and Nominal o o
Ryan 1988 Value 63% 1.26 0 a2%
North Dakota N= 64 137 150

Estimation CV
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Juvenile

Survival Inter-
Reference Plovers Adult (survival of ARV Slope Power Detectability ~ Detectability Reach Dispersal  Dispersal Nest Predation
Survival hatchlings P (density) | Peaking (adults) (fledglings) Dispersal Adult 1st Year | success
through their (1st yr)
first winter)

Number of 2 ) )

Years

Temporal CV 25% 2%
Larson et al. Nominal o o
2000 Value 74% 32%
North Dakota N= 204 143

Estimation CV 100% 24%

N

umber of 3 3

Years

Temporal CV 29%
Anteau et al. Nominal

209 169

2012a Value 0% 6%
Lake
Sakakawea N= 346 346

Estimation CV 303%

Number of

4

Years

Temporal CV 57%
Shaffer et al. Nominal o o
2013 Value Lk ECh)
U.pper Missouri N= 5
River

Estimation CV 14% 14%

Number of 3 4

Years

Temporal CV 7% 30%
Catlin et al. Nominal o
2011b Value 4%
U.pper Missouri N= 9
River

Estimation CV 41%

Number of

3

Years

Temporal CV 12%
Felio et al. Nominal o

149

2010 Value >3% %
Upper Missouri N = 294

River
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Juvenile

Survival Inter-
Reference Plovers Adult (survival of ARV Slope Power Detectability ~ Detectability Reach Dispersal  Dispersal Nest Predation
Survival hatchlings P (density) | Peaking (adults) (fledglings) Dispersal Adult 1st Year | success
through their (1st yr)
first winter)
ReSL.JItS. are Estimation CV
preliminary.
Number of
1
Years
Temporal CV
Ivan and Nominal
20
Murphy 2005 Value 32%
North Dakota N= 310
Estimation CV 20%
Number of
9
Years
Temporal CV
Sherfy et al. Nominal 9
2008 Value >2%
Missouri River N = 207
Estimation CV
Number of
1
Years
Temporal CV
Sherfy et al. Nominal o
2009a Value 4%
Missouri River N = 237
Estimation CV
Number of
1
Years
Temporal CV
Sherfy et al. Nominal o
2009b Value 37%
Missouri River N = 194
Estimation CV
Number of
1
Years
Temporal CV
Cohen et al. Nominal o o
2006 Value Ay 2
East Coast N= 71 43
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Juvenile

Survival Inter-
Reference Plovers Adult (survival of ARV Slope Power Detectability ~ Detectability Reach Dispersal  Dispersal Nest Predation
Survival hatchlings P (density) | Peaking (adults) (fledglings) Dispersal Adult 1st Year | success
through their (1st yr)
first winter)
Estimation CV 37% 278%
Number of 3 5
Years
Temporal CV 8% 12%
Cohen and Nominal
Gratto-Trevor Value 80% 57%
2011
Great Plains N = 782 182
Canada
Estimation CV 70% 118%
Number of 7 -
Years
Temporal CV
Ledee et al. Nominal o
2010 Value 76%
Great Lakes N= 150
Estimation CV 7%
Number of
9
Years
Temporal CV
Root et al. Nominal o
1992 Value ges
North Dakota N= 352
Estimation CV 161%
Number of
5
Years
Temporal CV 23%
McGowan et Nominal o o
al. 2014 Value 78% 52%
Great Plains N= 668 2053
cites
blished
unpubiisne Estimation CV 4% 23%
data from D.
Catlin
Number of
8
Years
see Davis et al.
2013 Field Temporal CV 9%

Report
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Not Used for

Not Used for Nest
Not Used for Survival Reason ot Used Tor Nes Reason Detection Reason
Success -
Probabilities
Drake et al. 2001 Study conducted on the Gulf coast. Aron 2005 Concern about data quality (Shaffer et al. 2013) Roche et al. 2014 Uses data from Shaffer et al.

2013

Plissner and Haig
2000a

Cites other authors

Barber et al. 2010

Study conducted in Northeastern Canada

Roche et al. 2010b

Study on mortality associated to banding
chicks.

Cohen et al. 2009

Time series of nest survival at two locations on the
east coast.

Ryan et al. 1993

Cites other authors

Doherty and Heath
2011

Study conducted in the east coast.

Aron 2005

Cites other authors

Donlan et al. 2003

Study conducted in the east coast.

Catlin et al. 2011a

Study estimates daily survival rates.

Espie et al. 1996

Study conducted in the east coast.

Le Fer et al. 2008a

Study estimates daily survival rates.

Espie et al. 1998

Study conducted in the Great Plains of Canada greater
than 20 years ago.

Murphy et al. 2003b

Study estimates mortality associated with
cages.

Goldin and Regosin
1998

Study conducted in the east coast greater than 20
years ago on 17 pairs of plovers.

Roche et al. 2010a

Decreasing adult survival through time (.7 to
0.85) for birds in the Great Lakes.

Greenwald 2009

Study conducted in the east coast.

Roche et al. 2008

Study evaluates survival through time for birds
in the Great Lakes

Johnson et al. 1997

Cites other authors

Sidle et al. 1992

Study evaluates nest survival.

Larson et al. 2002

Study evaluates nest exclosures

Barber et al. 2010

Study estimates mortality associated with
cages.

Maslo and Lockwood
2009

Study conducted in the east coast.

Catlin et al. 2011b

Study evaluates nest survival.

Maxson and Haws
2000

Study conducted in Minnesota.

Elias et al. 2000

Study estimated survival from hatching to
fledging.

McGowan et al. 2007

Study evaluates 4 nests.

Wemmer et al. 2001

Cites other authors

Murphy et al. 2003a

Study evaluates nest exclosures

Cohen et al. 2009

Study estimated survival from hatching to
fledging.

Patterson et al. 1991

Study conducted on the Atlantic Coast.

Johnson et al. 1997

Cites other authors

Rimmer and Deblinger
1990

Study conducted in the east coast.

Knetter et al. 2002

Study estimates the number of fledglings/pair

Roche et al. 2010a

Study evaluated nest abandonment.

Kruse et al. 2001

Study conducted more than 20 years ago.

Roche et al. 2008

Study conducted in the Great Lakes comparing wild to
captive chicks.

Hunt et al. 2013

Study on mortality associated to handling
chicks.

Roche et al. 2012

Study conducted in the Great Plains of Canada

Brudney et al. 2013

Study evaluates survival by age for birds in the
Great Lakes

Saunders et al. 2012

Study conducted in the Great Lakes.

Dirks 1990

Study conducted more than 20 years ago.

Tremblay et al. 1994

Study conducted in Northeastern Canada

Wemmer et al. 2001

Study conducted in the Great Lakes.

Wiens and Cuthbert
1988

Study conducted in Minnesota greater than 20 years
ago.
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FIedsImg Juverule Detectability Dispersal
survival survival Young Adult Slope Power Nest success =
Reference Terns through through adult . Intercept p . K hatched at least Predation
o . survival (density) peaking .
first second survival Inter- After one chick
winter winter Adults Fledglings reach Adult 1st
(2nd yr) Year
Buenau et al. . 0.9
Nominal Value 0.4 0.4 0.81 0.92 0.15 -0.04 0 0.7 0.95 0.4
2014 9
Estimation CV 9 9 9 6 57 54 22 25
Temporal CV 1 1 1 1 5 1 1 1
-0.04
USACE 2013 Nominal Value 0.4 0.4 0.81 0.92 DB am and - -0.75 03 0.7 0.95 0.4
0.26 9
0.15
Estimation CV 9 9 9 6 57 and 64 544"’5"‘1 75 2 25
Temporal CV 1 1 1 1 5 1 1 1 1
Massey et al. .
1992 Nominal Value 0.4 0.4 0.81 0.92
California N= 154 154 154 186
Estimation CV 47% 47% 57% 24%
Number of Years 8 8 8 8
Temporal CV
Alcakaya et al. .
2003 Nominal Value 0.5627 0.5627 0.8867 1.599 0 0.395
California N= 154 154 186 154
Estimation CV 41%
Number of Years 3 3 3 3 3
Temporal CV 6% 6% 58% 14% 6%
Atwood and )
Massey 1988 Nominal Value 0.41
N= 3
Estimation CV 30%
Number of Years 4
Temporal CV 39%
. . 12
Minsky 1984 Nominal Value %
0
California N= 4
cited in

Alcakaya et al.

2003

Estimation CV

Number of Years

Temporal CV
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Fledgllng Juver\lle Detectability Dispersal
survival survival Young Adult Slope Power Nest success =
Reference Terns through through adult survival Intercept (denfit ) cakin hatched at least Predation
first second survival ¥ P J Inter- After one chick
winter winter Adults Fledglings reach Adult 1st
(2nd yr) Year
Kirsch 1996 Nominal Value 54%
Platte River N = 501
Estimation CV 167%
Number of Years 4
Temporal CV 22%
Shaffer et al. ) o
2013 Nominal Value 0.4875 71%
Upper _
Missouri River B 1321 4
Estimation CV 0.22 23%
Number of Years 4
Temporal CV 10%
Renken and ) o
Smith 19952 Nominal Value 85%
M|55|55|pp| N= 194
River
Estimation CV 93%
Number of Years 5
Temporal CV
Renken and ) 0.988649 o
Smith 1995b Nominal Value 04 3%
Mississippi N= 1674 194
River
Estimation CV
Number of Years
Temporal CV
Carreker 1985 Nominal Value 30% 50%
California N= 190 190
Estimation CV
Number of Years
Temporal CV
Aron 2005 Nominal Value 50% 11%
Upper _ 4

Missouri River

Estimation CV

22%
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Fledgllng Juver\lle Detectability Dispersal
survival survival Young Adult Slope Power Nest success =
Reference Terns through through adult survival Intercept (denfit ) cakin hatched at least Predation
first second survival ¥ P J Inter- After one chick
winter winter Adults Fledglings reach Adult 1st
(2nd yr) Year
Number of Years
Temporal CV
Brooks et al. . o
2013 Nominal Value 47%
South Coast N= 257
Estimation CV
Number of Years 2
Temporal CV
Jenniges and ) o
Pletther 2008 Nominal Value 63%
Platte River N = 647
Estimation CV
Number of Years
Temporal CV
Kruse et al. ) o o
2001 Nominal Value 49% 23%
Upper _
Missouri River N= 354 354
Estimation CV
Number of Years 2
Temporal CV
Sherfy et al. ) o
2008 Nominal Value 79%
Upper _
Missouri River "~ 236
Estimation CV
Number of Years
Temporal CV
Sherfy et al. ) o
2009b Nominal Value 71%
Upper N= 136

Missouri River

Estimation CV
Number of Years

Temporal CV
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Fledgllng Juver\lle Detectability Dispersal
survival survival Young Adult Slope Power Nest success =
Reference Terns through through adult survival Intercept (denfit ) cakin hatched at least Predation
first second survival ¥ P J Inter- After one chick
winter winter Adults Fledglings reach Adult 1st
(2nd yr) Year
Smith and . o
Renken 1993 Nominal Value 65%
Mississippi
. N

River

Estimation CV

Number of Years 3

Temporal CV
Szell and . o
Woodrey 2003 Nominal Value 60%
M|55|55|pp| N 3467
River

Estimation CV

Number of Years 3

Temporal CV 54%
igulcs‘ker sell Nominal Value 37% Natural; 70% Constructed
Upper N 824
Missouri River

Estimation CV

Number of Years 3

Temporal CV a function of % Pebble

. Not Used for Nest Not Used for Detection

Not Used for Survival Reason Reason Reason

Success

Probabilities

Whittier and Leslie
2009

Estimated chick survival to fledge

Brooks et al. 2013

Estimates ranged from 0% to 93%

Uses data from Shaffer

Roche et al. 2014 ot al. 2013

Aron 2005

Only cites other studies

Brunton 1997

Evaluated hatching success based on location in colony
and nest abandonment on east coast

Bailey and Servello
2008

Estimated chick survival to fledge

Conway et al. 2003

Study conducted in Texas based on 20 nests

Dugger et al. 2000

Estimated chick survival to fledge

Elliott et al. 2007

Estimated the fate of eggs not nests

Lombard et al. 2010

Estimated chick survival to fledge

Koenen et al. 1996

Estimates ranged from 23% to 100% for terns nesting on
ridges created from existing substrate in OK

Sidle et al. 1992

Study conducted more than 20 years ago.

Leslie et al. 2000

Study conducted more than 20 years ago in OK.

Brooks et al. 2013

Estimated chick survival to fledge

Lombard et al. 2010

Study conducted in the Virgin Islands

Kirsch 1996

Study conducted more than 20 years ago.

Massey and Atwood
1981

Study conducted more than 20 years ago.

Sherfy et al. 2009a

Used more current study results from Sherfy et al. 2009b

Sidle and Harrison 1990

Study conducted more than 20 years ago

Zuria and Mellink 2002

Study conducted in Mexico
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Plover Model Review

D.1 Ryan et al. 1993

Authors: Mark Ryan, Brian Root, Paul Mayer
Year: 1993
Title: Status of Piping Plovers in the Great Plains of North America: a demographic simulation model
Citation: Conservation Biology 7(3): 581-585
Affiliation: University of Missouri-Columbia
Model type/structure: Stochastic demographic simulation with productivity and adult and chick
survival modeled as beta distributions; models females only.
Region/population: Great Plains piping plovers
Objective/focal mechanisms: Population persistence; what changes in vital rates are needed for
stability or recovery?
Population structure, spatial resolution and scale: One population, entire Great Plains
Temporal resolution and scale: Annual, 100 years
Habitat: Not included
Management actions: Not included; nest protection and habitat enhancement mentioned as means of
increasing survival.
Data sources: Adult survival from Root et al 1992; juvenile survival 70-100% adult survival based
on other spp. due to lack of data; mean reproductive rate from other studies in all breeding habitats
Metrics and analyses used: Time to extirpation or recovery; stability and rate of growth/decline
Validation: Compared to regional plover count data from 1986-1990
Results: All simulations indicate that the Great Plains plover population is undergoing a substantial
decline (7.6% for "most realistic" projection). Most realistic projections indicate extirpation in about
80 years. Immature survival of 0.6 (90% adult survival) best matched population records. 1.13 chicks
fledged per pair, or 8.7% increase in both survival rates, was necessary for stable population. 1% or
2% increase resulted in recovery to 2,550 pairs in 51 or 30 years, respectively.
Conclusions: Populations are expected to decline. The decline might be reversible by improving
productivity or survival; delays in management will reduce likelihood of recovery
Caveats mentioned: None
Implications for EA: Basic PVA that several other models are based upon; not directly applicable to
EA.

D.2 Plissner and Haig 2000

Authors: Jonathan Plissner, Susan Haig

Year: 2000

Title: Viability of piping plover Charadrius melodus metapopulations

Citation: Biological Conservation 92: 163-173

Affiliation: USGS

Model type/structure: VORTEX stochastic simulation package

Region/population: Atlantic Coast and Great Lakes/Great Plains populations, modeled separately
Objective/focal mechanisms: Comparison between three breeding populations; effect of spatial
distributions upon population viability (single population vs. metapopulation, not spatially explicit).
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Population structure, spatial resolution and scale: Atlantic Coast with four subpopulations
(recovery units from 1996 recovery plan); Great Lakes/Great Plains with five subpopulations
Temporal resolution and scale: Annual, 100 years

Habitat: Not included

Management actions: Not included

Data sources: Initial population size from 1996 international census; productivity from annual
Atlantic Coast productivity estimates (1.37, CV 0.4) and local studies for Great Lakes/Great Plains
(1.25, CV 0.5). Productivity depends upon region. Baseline adult mortality rates from Ryan et al.
(1993). First-year mortality from Cape Cod survivorship, lower than Ryan et al (1993); 51.64 for
Atlantic Coast, 56.8 for Great Plains (note this is mortality, not survival). Dispersal of 0.01 birds per
year between adjacent populations, except 0.02 between rivers and adjacent wetlands. Juvenile
dispersal assumed same as adults due to lack of data.

Metrics and analyses used: Sensitivity analysis; population persistence; comparison of
metapopulation to panmictic models.

Validation: Validation against Atlantic Coast population trends between 1991 and 1996
(international census). The model underpredicts population trends.

Results: Great Lakes/Great Plains populations would be unlikely to persist given current
demographic rates. All Atlantic Coast populations have >95% likelihood of persistence for 100 years,
though most subpopulations decrease. The Great Lakes/Great Plains region would need to increase
mean reproductive success to 1.7 to remain viable, and even then it would not be stable. It needs a 2.0
fledge ratio to be stable. Lower reproductive variability improves stability. The Great Lakes/Great
Plains model is highly sensitive to survivorship. Connectivity in the Atlantic Coast metapopulation
increased overall population size and most subpopulations; higher dispersal in Great Lakes/Great
Plains populations decreased metapopulation viability. Atlantic Coast panmictic model fared better
than the metapopulation model; Great Lakes/Great Plains populations did poorly with both structures.
The model underpredicts the Atlantic Coast population.

Conclusions: Metapopulation models are more pessimistic than single population models because of
smaller subpopulations and source/sink dynamics, but maintaining small populations is still
worthwhile. Population-specific rates of survivorship and dispersal are needed to improve accuracy of
predictions.

Caveats mentioned: Does not include density dependence, inbreeding depression, or catastrophic
events (though variability in years was included in demographic data collection)

Implications for EA: Great Lakes/Great Plains population unlikely to persist with these vital rates;
metapopulation dynamics decreased persistence for these populations. Atlantic Coast population
persistence dependent upon increase in reproductive rates due to nest protection. Model does not
address habitat or population density so limited application to EA.
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D.3 Wemmer et al. 2001

Authors: Lauren C. Wemmer, Uygar Ozesmi, Francesca J. Cuthbert

Year: 2001

Title: A habitat-based population model for the Great Lakes population of the piping plover
(Charadrius melodus)

Citation: Biological Conservation 99: 169—181

Affiliation: University of Minnesota

Model type/structure: Stochastic discrete-event model, spatially explicit, habitat-based and stage-
structured using “Extend” modeling software

Region/population: Great Lakes

Objective/focal mechanisms: Overall population persistence and effects of
protection/restoration/land acquisition, as well as role of habitat on private property. Includes pairing
process, site selection. Successful pairs return to previous sites, unsuccessful pairs may seek new
breeding sites.

Population structure, spatial resolution and scale: Shoreline habitat in Michigan was based on
actual availability. Breeding sites were continuous areas of beach with specific number of available
territories. Breeding sites were connected to each other by flight distance, but not georeferenced.
Temporal resolution and scale: Annual, 100 years; multiple discrete events modeled per year
Habitat: Habitat quality was implicitly included in site-specific productivity rates measured over 14
years (thought to encompass range of variation.)

Management actions: Funding could be allocated to increase protection efforts, restore or purchase
potential breeding habitat, or some degree of both. Actions were implemented in model by increasing
minimum fledging success probability; increasing the number of breeding territories at each site; and
adding sites with historic records of use but no current nesting. Also modeled only that habitat in state
and federal land to see if there was enough to support 100 breeding pairs in Michigan without private
lands.

Data sources: Demographic data from banding studies, though the sample size was too small to
apply statistical mark-recapture techniques. Michigan Department of Natural Resources data used to
determine sites, their favorability and frequency of use, and reproductive success at each site. Annual
survival was 0.73 for adults and 0.31 for fledglings.

Metrics and analyses used: Cumulative persistence probability; time to extinction; final population
sizes (breeding pairs)

Validation: Deterministic simulations produced model population trend that corresponded closely
with observed trend from 1984—1997.

Results: All runs of the fully stochastic model resulted in extinction in 13—36 years (median 22.5).
High reproductive success was necessary for a significant probability of persistence in 100 years;
improved capacity and high reproductive success guaranteed persistence. Only 28% of best case
scenario model runs reached target of 100 pairs in 100 years. Restoring habitat improved outcomes if
reproductive success and site capacity were high. Additional sites were not helpful if reproductive
success were low or medium, because success at restored sites was assumed to be lower and they
acted as sinks. Removal of privately owned land markedly decreased persistence, even in best case
scenario. Dispersal reduced % of non-breeders and increased persistence. The model was more
sensitive to reproductive success, most sensitive to survival.

Conclusions: Current model considered a "best case™ representation of the population. Consistent use
of nest/chick protection at all sites could have notable population effects, but may be logistically
impossible. Increasing adult survival/protecting wintering sites would also help, but even less
feasible. Unknown whether plovers will nest in higher densities, so habitat conservation and
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continued availability of private land important. Managers should be prepared to protect opportunistic
breeding at new sites.

Caveats mentioned: Fledgling survival hard to estimate because of dispersal; not all plovers breed in
their first year; site carrying capacities were hard to estimate accurately; dispersal was not well
understood; models did not consider Allee, sex ratio or genetic effects.

Implications for EA: Restoring habitat can improve outcomes; acquiring additional sites that were
low quality did not help because they acted as sinks; loss of privately owned land reduced persistence
considerably.

D.4 Larson et al. 2002

Authors: Michael A. Larson, Mark R. Ryan, Robert K. Murphy

Year: 2002

Title: Population viability of piping plovers: effects of predator exclusion

Citation: The Journal of Wildlife Management 66(2):361-371.

Affiliation: U Missouri-Columbia, USFWS

Model type/structure: Ryan et al. 1993 model, expanded to differentiate between females nesting at
alkaline wetlands and those nesting at river sites; density-independent.

Region/population: Great Plains including plovers nesting at river sites and at alkaline wetlands.
Objective/focal mechanisms: Estimate reproductive success of Great Plains plovers; revise Ryan et
al 1993 to use higher survival and differentiate reproductive success between populations breeding on
sandbars and on alkaline lakes; evaluate effects of predator-exclusion management.

Population structure, spatial resolution and scale: Two subpopulations: birds nesting on river sites
and birds nesting on alkaline wetlands, divided by a constant proportion based on proportions
observed in 1991 international breeding census.

Temporal resolution and scale: Annual, 100 years

Habitat: Included only in distinction between breeding success at river vs. alkaline sites. The
population was thought to be limited more by predation than resource availability. Habitat quality was
assumed constant and habitat was consistently available.

Management actions: Five levels of predation management: no protection, nest cages, permanent
electric fencing, cages plus permanent fencing, and cages plus temporary electric fencing.

Data sources: Data from alkaline wetlands in ND and MT; separate mean fledging rates for 5 levels
of predator management; tried to estimate true temporal variation in fledgling rates by removing
sampling variation; Larson et al. (2000) adult survival 0.737; Melvin and Gibbs Atlantic Coast
population for juvenile survival 0.48 (Great Plains juv. survival estimate from Larson et al. (2000)
thought to be too low).

Metrics and analyses used: Estimation of instantaneous growth rate r for first 50 years of each run
from mean or median growth rate, converted to A (annual growth rate); sensitivity analysis by varying
input parameters 10%.

Validation: Comparison with rate of decline estimated by international censuses. Calibration with
2% annual decline estimated in international censuses requires survival 4-11% higher.

Results: Baseline reproductive success was estimated as 0.89 fledglings/pair (alkaline wetlands) and
0.73 (river sites). Predator exclusion increased reproductive success. Nest cages alone and combined
with temporary electric fences increased fledgling production to 1.28 and 1.78. Permanent fences
resulted in fledging production of 1.15, with nest cages resulting in 2.25. Models were most sensitive
to adult survival and least sensitive to fledging rates on river sites and the proportion of pairs at
alkaline sites. Baseline model indicated decline of 6.2%/year. The probability of persistence for 50
years was 0.5, and for 100 years was 0.02. Current management would increase annual population
growth to -4.3% and extend mean persistence time nearly 100 years. Proposed increase in
management would increase the probability of persistence for 50 and 100 years to 0.78 and 0.23,
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respectively. Reproductive success of 1.44 (alkaline) and 1.25 (entire Great Plains) needed to stabilize
median population size.

Conclusions: The model is likely to be pessimistic because vital rates are likely pessimistic.
Permanent fencing and nest cages were the most effective predator management activities; more
convenient temporary fences with nest cages also increased reproductive success above population
stabilization levels.

Caveats mentioned: Model has more pessimistic than optimistic biases; PVAs best used to compare
management actions, not produce absolute numbers.

Implications for EA: Assessment of effectiveness of nest caging/fencing using field data from
alkaline wetlands. Fencing and nest cages together are most effective predation management.

D.5 Larson et al. 2003

Authors: Michael A. Larson, Mark R. Ryan, and Robert K. Murphy

Year: 2003

Title: Assessing recovery feasibility for piping plovers using optimization and simulation

Citation: Wildlife Society Bulletin 31(4):1105-1116

Affiliation: U Missouri-Columbia, USFWS

Model type/structure: Larson et al. (2002) model for demographic simulation; linear integer
programming model for maximizing fledging rate while minimizing costs.

Region/population: Great Plains including plovers nesting at river sites and at alkaline wetlands
Objective/focal mechanisms: Determine cost-efficient application of predator management
strategies at lakes. "2 objectives: to 1) determine which combination of predator-exclusion techniques
will maximize fledging rates within realistic budget and geographical constraints or minimize
financial costs while reaching the fledging rate required for population recovery, and 2) determine
whether recovery of the Great Plains population of plovers is demographically and economically
feasible using predator exclusion."

Population structure, spatial resolution and scale: Two subpopulations: birds nesting on river sites
and birds nesting on alkaline wetlands, divided by a constant proportion (0.27) based on proportions
observed in 1991 international breeding census.

Temporal resolution and scale: Annual, 50 years

Habitat: Included only in distinction between breeding success at river vs. alkaline sites. The
population was thought to be limited more by predation than resource availability. Habitat quality
assumed constant and habitat consistently available.

Management actions: Five levels of predation management: no protection, nest cages, temporary
electric fencing, permanent electric fencing, cages plus permanent fencing, and cages plus temporary
electric fencing. Management at lakes only. 70% of lake pairs could receive management based upon
distance from field offices.

Data sources: Data on predator exclusion was from Larson et al. (2002). Costs of management
implementation were included. Population parameters were the same as Larson et al. (2002).

Metrics and analyses used: Instantaneous growth rate r for each of 10,000 replicates, converted to A,
financial cost for predator exclusion.

Validation: NA

Results: Combinations of cages and fencing were most efficient. When fences could no longer be
used, nesting pairs received cages. Fencing alone was never optimal. Using mostly cages maximized
fledglings; not managing most pairs minimized costs. Results were sensitive to fledging rates. Needed
92.7% of pairs to receive management to reach a fledging rate of 1.55, which stabilized or increased
more than half of simulated populations. That would cost $11.2 million over 50 years.

Conclusions: "recovery of the Great Plains population of piping plovers is demographically and
economically feasible using predator-exclusion management to increase reproductive success at
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lakes." 9-32% recovery probability. Coordination with management would improve outcomes by
increasing amount of fencing feasible.

Caveats mentioned: The study only looked at management on lakes. Optimization solutions applied
only to initial state; had to assume decision criteria would remain constant; able to constrain costs
only during the first year. Dynamic programming would address this, but more complex.
Implications for EA: Effectiveness of nest caging as a management action: fencing should not be
used alone, focus on areas that can be fenced and coordinating efforts improves outcome. Framework
for including economic factors into recovery analysis. Analysis was restricted to plovers nesting on
lakes, not riverine habitat.

D.6 Calvert et al. 2006

Authors: Anna M. Calvert, Diane L. Amirault, Francois Shaffer, Richard Elliot, Alan Hanson, Julie
McKbnight and Philip D. Taylor

Year: 2006

Title: Population assessment of an endangered shorebird, the piping plover (Charadrius melodus
melodus) in Eastern Canada

Citation: Avian Conservation and Ecology 1(3): 4 (online)

Affiliation: Dalhousie U., Canadian Wildlife Service, Acadia U.

Model type/structure: Stochastic matrix projection model with three age classes. Post-breeding
birth-pulse matrix model.

Region/Population: Eastern Canada

Objective/focal mechanisms: Relative importance of breeding/nonbreeding seasons to annual
population growth; estimate current vital rates for both segments of the population, determine
sensitivity to variable population parameters for conservation planning.

Population structure, spatial resolution and scale: Two subpopulations, Gulf of St. Lawrence and
southern Nova Scotia.

Temporal resolution and scale: Annual, 50 years.

Habitat: Not modeled; demographic rates specific to population

Management actions: None

Data sources: Monitoring of reproductive success and banding of juveniles and adults; data from
1998/1999 to 2003 for southern Nova Scotia/Gulf of St. Lawrence. Juvenile survival includes
probability of fledging and surviving next 12 months. Survival estimates are local survival in case
birds emigrated or went to unknown sites. Adult survival = 0.73, juvenile survival (from hatch) =
0.32/0.23, fledge success = 0.61/0.70, juvenile survival post-fledge = 0.53/0.34. Second year
recruitment = 0.8/0.85, third-year recruitment = 0.99/0.98, # eggs = 3.8/3.9, hatch success =
0.46/0.51. Could not separate process from observation error.

Metrics and analyses used: Long-term expected growth rates (1), sensitivities and elasticities, stable
age distribution, age-specific reproductive values. Life table response experiment.

Validation: Model estimates of growth rates different from census, but confidence intervals on
lambda include census-derived estimates for both segments.

Results: Gulf plovers decreased 3.6%/year, southern Nova Scotia plovers maintained stability (A =
1.0043). There was a high variance in A driven by variation in adult apparent survival and hatchling
success and a high overlap in confidence intervals for two populations. The stochastic model A was
significantly lower than deterministic, supporting long-term decline. Similar stable age distributions.
Differences in juvenile apparent survival could explain differences between the two populations. The
current population was not at stable age distribution predicted by model, which would explain
difference between census and model projections. Need A = 1.18/1.08 to reach target in 5 years,
1.08/1.04 to reach target in 10 years. Increase fledglings to 1.08/1.63 females/nest to maintain pop.,
1.41/1.86 to reach goal in 10 years.
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Conclusions: Cannot say the two populations are statistically different. Adult survival was most
important, but juvenile survival may explain observed differences. Would need major increases in
reproductive parameters to recover plovers, as elasticities are low. Adult survival important but may
not be flexible. Extensive efforts to protect nesting areas still resulted in declines in 2004 and 2005.
Caveats mentioned: Low resighting effort in more remote regions may reduce juvenile survival but
mark-recapture models account for that; emigration outside area possible but unlikely. Transient
dynamics introduce uncertainty into long-term predictions.

Implications for EA: Limited application because of location/population and did not include
management; does confirm general results from other PVAs about importance of survival rates.

D.7 McGowan and Ryan 2009

Authors: Conor P. McGowan, Mark R. Ryan

Year: 2009

Title: A quantitative framework to evaluate incidental take and endangered species population
viability

Citation: Biological Conservation 142: 3128-3136

Affiliation: University of Missouri-Columbia

Model type/structure: Stochastic model including sampling variance. Modification of two-stage
Ryan et al. (1993) and Larson et al (2002) models. Ceiling-type density dependence.
Region/population: Great Plains population using alkali wetlands, Great Plains rivers, and Missouri
River, distinguished by reproductive success.

Objective/focal mechanisms: "Examine the effect of permitted incidental take (egg mortality) and
probable take (chick mortality) or population growth, abundance, and probability of quasi-extinction.
"Four research hypotheses: (1) stochastic variation in adult survival is the primary factor affecting
population viability; (2) stochastic variation in adult survival and incidental take affect population
viability; (3) renesting rate can compensate for the negative effects of incidental take; (4) variability
of incidental take affects population growth, abundance, and quasi-extinction probability."
Population structure, spatial resolution and scale: Three locations (alkali wetlands, Great Plains
rivers, Missouri River). Not spatially explicit. The population redistributes across the locations each
year, without interannual correlations, due to lack of data about movements.

Temporal resolution and scale: Annual, 30 years

Habitat: Not modeled; reproductive rates specific to the three locations (alkali wetlands, Great Plains
rivers, Missouri River.)

Management actions: Modeled incidental take on eggs and/or chicks, modeled as proportion of
eggs/chicks taken, with proportion drawn from log-normal distribution based on prescribed mean and
variance from incidental take permit.

Data sources: Adult (0.737) and juvenile (0.48) survival was from Larson et al. (2000) and (2002).
The population distribution was based on international censuses. Fecundity parameters were
estimated from empirical data: alkali wetlands from known pairs and broods, river from nests/female,
clutch size, nest survival and chick survival data in order to separate out take.

Metrics and analyses used: Calculated average growth rates, abundances, and probability of quasi-
extinction (100 breeding females). Used simulated data for regression based analysis.

Validation: NA

Results: Simulations estimated ~7.5% population decline, with 0.333 probability of quasi-extinction
over 30 years. No clear pattern was observed between different take scenarios and growth/abundance,
probably because of adult and juvenile stochasticity. Chick take did not affect final abundance, but
did lower growth rates and higher probability of quasi-extinction. Increased renesting neutralizes
effects of chick take. Higher proportions nesting in Missouri River led to overall poorer outcomes.
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Model with adult survival, # nests, egg take, and chick take as covariates was best predictor of final
abundance.

Conclusions: Incidental take worsens population metrics. Take is significant, but the effect is small
compared to adult mortality). Chick take should be explicitly addressed and monitored. Renesting
helps mitigate for take, but there is not enough data to suggest this level of renesting is likely or
possible. Renesting alone will not address downward trend. Accounting for all uncertainty is
important. Jeopardy is significant even without take. Need for clear jeopardy decision criteria.
Caveats mentioned: Spatial dynamics between habitat types are not really known.

Implications for EA: Example of breaking down fledgling production process into stages in order to
more directly test effects of specific management actions. Demonstrated small, but significant, effect
of incidental take on population viability.

D.8 McGowan et al. 2011

Authors: Conor P. McGowan, Michael C. Runge, Michael A. Larson

Year: 2011

Title: Incorporating parametric uncertainty into population viability analysis models

Citation: Biological Conservation 144:1400—1408

Affiliation: USGS Patuxent, Minn. Dept. Natural Resources

Model type/structure: Fully stochastic PVA including demographic, parametric, and temporal
uncertainty. Based on Ryan et al. (1993) model and used to compare different methods of
incorporating parametric uncertainty. Ceiling-type density dependence, capped at 8,000 females.
Region/Population: Great Plains

Objective/focal mechanisms: Focuses on hierarchical process for incorporating parametric
uncertainty in simulation models typically used in PVA, with plovers as an example.

Population structure, spatial resolution and scale: One population

Temporal resolution and scale: Annual, 50 year

Habitat: Not modeled

Management actions: Not modeled

Data sources: Mean adult survival = 0.737, mean juvenile survival = 0.48, mean fecundity = 0.42.
Fecundity values and variances appropriate for shorebird this size but not based on empirical data or
specific published values.

Metrics and analyses used: Median population, probability of extinction

Validation: NA

Results: Scenarios that separated and excluded parametric uncertainty, or where parametric and
temporal uncertainty were included together in annual loop (as if all temporal) predicted near 0%
chance of extinction in 50 years. Simulations with parametric uncertainty in replication loop and
temporal uncertainty in annual loop predicted high variability and 0.22 probability of extinction
within 50 years.

Conclusions: Including all types of uncertainty improves model predictions for making management
decisions. Not accounting for parametric uncertainty in population models hinders ability to
accurately assess risk. Parametric uncertainty has several sources; methods do not currently exist to
separate these or to deal with unknown bias, except through sensitivity analysis.

Caveats mentioned: NA

Implications for EA: Not a management model per se, but our existing habitat/bird population
model incorporates the uncertainty described in the paper-; therefore this paper supports our approach
for handling uncertainty.
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D.9 McGowan et al. 2011

Authors: Conor P. McGowan, Mark R. Ryan, Michael C. Runge, Joshua J. Millspaugh, Jean Fitts
Cochrane

Year: 2011

Title: The role of demographic compensation theory in incidental take assessments for endangered
species

Citation: Biological Conservation 144: 730—737

Affiliation: University of Missouri, USGS Patuxent

Model type/structure: Stochastic population model from McGowan and Ryan 2009 modified to
include density dependence in post-fledging winter survival (negative linear logistic); temporal and
sampling variance.

Region/population: Great Plains population using alkali wetlands, Great Plains rivers, and Missouri
River, distinguished by reproductive success.

Objective/focal mechanisms: Can density-dependent mortality compensate for the negative effects
of take on threatened populations? Do declining populations have less capacity for compensation than
stable or growing ones?

Population structure, spatial resolution and scale: Three locations (alkali wetlands, Great Plains
rivers, Missouri River), not spatially explicit. The population redistributes across the habitats each
year, without interannual correlations, due to lack of data about movements.

Temporal resolution and scale: Annual, 30 years

Habitat: Not modeled; reproductive rates specific to three locations and habitat types (alkali
wetlands, Great Plains rivers, Missouri River.)

Management actions: Eight levels of annual egg take: 0, 2%, 4%, 6%, 8%, 10%, 12% and 14%.
Data sources: No empirical estimates for the density-dependent survival, but authors chose values
that included the range of published first winter survival estimates. Other data sources same as
previous models by authors. They also used a hypothetical stable population to see if stable
populations can compensate for take even if declining ones cannot.

Metrics and analyses used: For each year in each replication, ran the 32 different population and
take scenarios to reduce variation across scenarios. Regression models to test effects of take on quasi-
extinction. Median population abundance over 30 years.

Validation: NA

Results: Median population declined except high survival and no juvenile density dependence. Low
survival and juvenile density dependence had greatest declines. Increased take increased probability
of quasi-extinction.

Conclusions: Some levels of take may be compensated by density dependence if the population is not
rapidly declining. However, there may not be opportunities for such compensation as food-mediated
density dependence in wintering grounds is unlikely. Capacity for density dependence most likely in
first-year survival or reproduction. Timing and life stage of take affects ability to compensate.
Stochasticity undermines compensation.

Caveats mentioned: NA

Implications for EA: Did not find much support for density dependence in overwinter survival as a
mechanism; suggested density dependence in reproduction is more likely but did not have the
evidence. Example of comparing multiple models to account for structural uncertainty.

D.10 McGowan 2013

Authors: Conor P. McGowan
Year: 2013
Title: A structured approach to incidental take decision making
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Citation: Environmental Management 51:241-250

Affiliation: USGS

Model type/structure: Environmentally stochastic simulation model from McGowan and Ryan
(2009). Also used McGowan and Ryan (2011) model incorporating density-dependent juvenile
survival to show effects of model uncertainty.

Region/population: Great Plains population using alkali wetlands, Great Plains rivers, and Missouri
River, distinguished by reproductive success.

Objective/focal mechanisms: Application of PrOACT approach to evaluating incidental take.
Population structure, spatial resolution and scale: Three locations, not spatially explicit.
Population redistributes across the habitats each year, without interannual correlations, due to lack of
data about movements.

Temporal resolution and scale: Annual, 100 years

Habitat: Not modeled; reproductive rates specific to three locations and habitat types (alkali
wetlands, Great Plains rivers, Missouri River.)

Management actions: Maximum take of 10% of eggs, intermediate take of 5%, and a no-take action.
Data sources: First-year survival = 0.48, adult survival = 0.82; others structured as in McGowan and
Ryan (2009).

Metrics and analyses used: Change in abundance, change in population growth rate, change in
probability of extinction, and charge in probability of reaching recovery criteria.

Validation: NA

Results: Without competing objectives, “no take” is valued highest. When used in conjunction with
invented pallid sturgeon model results to illustrate effects of competing objectives, 5% take option
had best combined expected value.

Conclusions: The incidental take decision lends itself well to PrOACT approach. Decisions are
transparent and understandable and the framework allows uncertainty to be incorporated. Optimal
outcomes can be selected even with structural uncertainty. Translating qualitative objectives into
guantitative value functions can be difficult.

Caveats mentioned: Results from using this process depend on how objectives are defined and
weighted.

Implications for EA: Example of using a PVA model in the PrOACT process.

D.11 Buenau et al. 2014

Authors: Kate E. Buenau, Tim L. Hiller, Andrew J. Tyre

Year: 2014

Title: Modelling the effects of river flow on population dynamics of piping plovers (Charadrius
melodus) and least terns (Sternula antillarum) nesting on the Missouri River

Citation: River Research and Applications, 30(8): 964-975

Affiliation: Pacific Northwest National Laboratory, University of Nebraska-Lincoln, Oregon Dept.
Fish and Wildlife

Model type/structure: Dynamic spatially implicit model of sandbar habitat, stochastic population
viability model with density-dependent fledgling production. Includes environmental, demographic
stochasticity, and observation and estimation error.

Region/population: Missouri River sandbar habitat

Objective/focal mechanisms: Importance of variability in river flow on population dynamics and
implications for habitat management. General behavior of model and relative contributions of sources
of uncertainty to population dynamics. Effects of rare habitat-creating flows on population dynamics.
Population structure, spatial resolution and scale: Five subpopulations on four river reaches (three
with significant plover use) and sandbars in upper Lewis and Clark Lake.

Temporal resolution and scale: Annual, 5-20 years
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Habitat: Dynamically modeled sandbar habitat created through construction and/or high flows and
lost through erosion and vegetation rate. Modeled implicitly as area/river segment.

Management actions: Habitat construction

Data sources: Adult survival 0.8 from Roche et al. (2010), juvenile survival 0.6 (expert opinion),
density-dependent fledgling production estimated from USACE monitoring data and USGS/USACE
habitat quantification from satellite imagery, 2006-2010.

Metrics and analyses used: Median and 95% CI of habitat area and population size for 5 years, CV
of observed adult abundance.

Validation: Compared with monitoring data from 1998 to 2010. Both observed populations well
within confidence interval of projections, but plover median population size overestimates observed
dynamics.

Results: Highest population sensitivity was to adult survival, followed by juvenile survival.
Estimation error was the largest source of variability, followed closely by flow variability. Flow has
strong effects on the outcome of management actions; can be larger driver of dynamics than intensity
of habitat creation. Large increases in habitat area caused by high flows led to response in plover
population size with effects lasting about 10 years before decline if no habitat creation occurs.
Conclusions: River flow, including flow variability and extreme events, is a major driver of habitat
and population dynamics and should be accounted for when adaptively managing habitat and
populations.

Caveats mentioned: The model was parameterized from years where habitat was degraded, may not
accurately represent productivity and population dynamics when large amounts of high quality habitat
is available. Habitat quality was not specifically modeled. The model did not include reservoirs that
may act as a buffer for plovers when sandbar habitat is degraded. It also did not include within-season
variability in habitat availability.

Implications for EA: Effects of habitat creation as a management action; effects of flow on
population dynamics and management outcomes; example of dynamics after habitat-creating high
flows. Model accounts for dynamic nature of sandbar habitat.

D.12 McGowan et al. 2014

Authors: Conor P. McGowan, Daniel H. Catlin, Terry L. Shaffer, Cheri L. Gratto-Trevor, Carol
Aron

Year: 2014

Title: Establishing endangered species recovery criteria using predictive simulation modeling
Citation: Biological Conservation 177: 220—229

Affiliation: USGS, Virginia Tech, Environment Canada, USFWS

Model type/structure: Stochastic metapopulation projection model related to previous models
published by McGowan et al. Includes ceiling-type density dependence and includes parametric
uncertainty, temporal variability, demographic stochasticity, and observation error.
Region/population: Great Plains population, four subpopulations

Objective/focal mechanisms: Use population projection model and regression analysis of simulated
data to link recovery criteria to extinction risk; determine population size, distribution, and growth
rate needed to reach prescribed extinction risk and effects of uncertainty on recovery criteria.
Population structure, spatial resolution and scale: Four populations: Northern Rivers (upper
Missouri and reservoirs), Southern Rivers (middle Missouri, Niobrara, Loup, Platte), US Alkali
Lakes, and Prairie Canada.

Temporal resolution and scale: Annual, 50 years

Habitat: Not included. Fecundity varies by region based on difference in reproductive success that
may be caused by differences in habitat quality.

Management actions: Not included. Authors note that fecundity of plovers nesting in the Southern
Rivers region is affected by habitat management and may decline if those actions are not continued.
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Data sources: Adult survival = 0.78 (Catlin unpub., Larson et al 2000, Cohen and Gratto-Trevor
2011, Roche et al. 2010). Juvenile survival = 0.52, (Catlin unpub.). Productivity = 0.77 female
fledglings/pair (Catlin; Southern Rivers), 0.32 (Shaffer et al. 2013; Northern Rivers), 0.6 (McGowan
and Ryan; Alkali Lakes), 0.52 (Gratto-Trevor; Canada). Long distance dispersal rate = 0.02 (Catlin;
Gratto-Trevor; Roche et al. 2012).

Metrics and analyses used: Mean expected population growth rate, probability of extinction in year
50.

Validation: NA

Results: The mean population growth rate was >1 and extinction probability = 0.033 for entire
metapopulation. The southern rivers region had lowest individual extinction probability due to
management. Increasing the population ceiling decreased extinction risk somewhat and increased
median abundance over time. Doubling the dispersal rate decrease overall extinction risk but not the
risk for individual regions; small change in total population size and some increase in median
abundance within regions. Observation error increases extinction probability for a given population
size. Results include tables of extinction risk for combinations of initial size, growth rate, and
fecundity.

Conclusions: This model was more optimistic than its precursors. Dispersal rates were too low to
cause large reductions in extinction probability, even when doubled. Provides method for establishing
recovery criteria despite uncertainty.

Caveats mentioned: Uncertainties in demographic rates, density dependence, dispersal, etc.
acknowledged

Implications for EA: Study relates more to target-setting than effects of management actions. The
productivity rate for birds nesting in the Southern Rivers region was likely increased by habitat and
predation management actions there; growth rates and persistence will likely decline if actions are
discontinued.
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Tern Model Review

E.1 Akcakaya et al. 2003

Authors: H. Resit Akcakaya, Jonathan L. Atwood, David Breininger, Charles T. Collins, Brean
Duncan

Year: 2003

Title: Metapopulation dynamics of the California Least Tern

Citation: The Journal of Wildlife Management 67(4): 829—842

Affiliation: Applied Biomathematics, Antioch, Dynamac, California State University-Long Beach
Model type/structure: Metapopulation model with stochastic age-structured matrix (5 age classes)
for each population, using RAMAS Metapop. Modeled zero-fecundity years as local catastrophes
separate from normal variability in fecundity.

Region/population: California

Objective/focal mechanisms: Simulate future changes in population under alternative assumptions
about threats and management. Local catastrophes (no fledglings) assumed due to predation.
Population structure, spatial resolution and scale: 17 populations of active breeding sites or
clusters of sites <5 km apart.

Temporal resolution and scale: Annual, 50 years

Habitat: Not included, though each site has a static carrying capacity.

Management actions: Did not evaluate specific management actions in detail; modeled predator
management as a reduction in probability of local catastrophe to zero.

Data sources: Published sources (Massey et al. 1992) and annual surveys from California Fish and
Game. Average age of first breeding is 3. Survival to age 2 is 0.16 during normal years and 0.03 for
El Nifio/Southern Oscillation years. Population-specific initial abundance, carrying capacity, relative
fecundity and local catastrophe probability. 2-4% probability of El Nifio causing regional catastrophe.
Colony fidelity of 50% from Massachusetts population; California site fidelity appears to be higher
(50-90% for adults).

Metrics and analyses used: Risk-based sensitivity analysis. Risk of extinction, risk of decline by
given percentage in 50 years, or risk of decline within time horizon to threshold.

Validation: The matrix model was underestimating observed growth, perhaps because of change in
age structure after 1982-83 El Nifio, or because vital rates have improved since Massey et al. 1992.
Under-observation of fledgling production may also contribute. Used both low and high stage matrix
to compensate.

Results: Did not detect density dependence in fledgling data, but assumed ceiling population sizes of
2x the individuals observed at that population. Medium parameters predicted 0 risk of extinction or
substantial decline. Low parameters had 98% chance of 15% decline in 25 years. Model results were
most sensitive to vital rates, moderately sensitive to carrying capacity and had only low sensitivity for
other parameters. Predator control had an effect on the risk of decline only for low parameter values,
1-8% decrease in risk depending upon number and locations of populations with predator control.
Modeling of predator control was limited however.

Conclusions: Generally predicted continuing population increases and low risk of substantial decline
in next 50 years. The amount and focus of predator control influenced the effectiveness, so
management should be focused on populations that make the greatest contributions to viability.
Caveats mentioned: Two types of data most improve model: additional information about survival
and estimates of effects of management actions on fecundity.
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Implications for EA: The habitat and to some extent tern behavior in California are sufficiently
different that this study has limits as a line of evidence. It is the only published PVVA-style model for
least terns, however.,

E.2 Lott et al. 2012

Authors: Casey A. Lott, Steven F. Railsback, Colin J.R. Sheppard, Michael C. Koohafkan

Year: 2012

Title: TernCOLONY 1.0 model description; The development and testing of TernCOLONY 1.0: an
individual- based model of Least Tern reproduction

Citation: ERDC-TR-DOER; ERDC-TR-DOTS

Affiliation: American Bird Conservatory, Lang, Railshack & Associates

Model type/structure: Spatially explicit, agent-based model of colony persistence. Includes tern life
history, tern-habitat interactions, predator interactions, georeferenced habitats, habitat restoration and
management.

Region/population: Arkansas river; designed to be applied to any large regulated river
Objective/focal mechanisms: Determine what factors affect population persistence of least terns on
large rivers below multi-purpose dams.

Population structure, spatial resolution and scale: Regional breeding population (tested with
population below Keystone Dam on Arkansas River).

Temporal resolution and scale: Daily during breeding season, tested with hydrographs from
1977-2008.

Habitat: Sandbars within channel

Management actions: Dam releases, ecosystem restoration

Data sources: Published sources (Lott & Wiley 2012), USACE and American Bird Conservatory
monitoring data, nest counts from 2005 & 2008 USACE surveys (Tulsa district).

Metrics and analyses used: Reproductive success (regional and site-specific) used as metric.
Sensitivity analysis on 37 different parameters (9 values of each parameter tested).

Validation: Pattern-oriented analysis used for validation/evaluation of the model: 8 patterns for
colony site selection, 6 patterns for nest-site selection, 12 patterns for mortality and reproduction
(Lott et al 2012); sensitivity analysis on 37 parameters.

Results: High variability in annual abundance, but median is similar; mortality sources vary from
year to year; reproductive success not density dependent; distribution of annual reproductive success
is bimodal; reproductive success varies among sites within given year; flooding mortality; regional
reproductive success lower with poor habitat conditions; higher flooding mortality with degraded
habitat; higher predation with poor habitat; reproductive success is sensitive to changes in parameters
that control mortality and number of breeding attempts; flooding loss is sensitive to parameters that
affect mortality.

Conclusions: Flooding and habitat quality strongly influence mortality; nesting stage has higher
mortality than chick stage.

Caveats mentioned: Field data not collected across wide range of values (limited to environmental
conditions that terns were exposed to at the time of data gathering); limited habitat data available
during testing, however, most missing data currently available.

Implications for EA: Flooding impacts mortality; nesting stage is critical life stage

E.3 Kanapaux and Kiker 2013

Authors: William Kanapaux, Gregory A. Kiker
Year: 2013
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Title: Development and testing of an object-oriented model for adaptively managing human
disturbance of least tern (Sternula antillarum) nesting habitat

Citation: Ecological Modelling 268: 64—77

Affiliation: University of Florida Gainesville

Model type/structure: Question and Decision system framework (links GIS with modeled abiotic
and biotic interactions). Object-oriented, agent-based modeling approach. Pattern-oriented modeling.
Region/population: South Carolina

Objective/focal mechanisms: Adaptively managing human disturbance. Effects of human users on
tern nesting and how can they be managed.

Population structure, spatial resolution and scale: 4.8 km beach divided into seven sections, four
sections with nesting habitat.

Temporal resolution and scale: Nesting season, daily time step

Habitat: Sites described, but habitat itself not explicitly addressed in model

Management actions: Management of access: 1) full access, 2) beach closed one day a week, 3) no
access, 4) section closures.

Data sources: Field observations during 2009 and 2010 nesting seasons to collect behavioral data on
tern nesting and information on human use of beach.

Metrics and analyses used: Local sensitivity analysis; management scenarios. Metric is fledgling
production.

Validation: "Reasonable simulation of conditions found onsite in 2009-2011 nesting seasons".
Human disturbance has been found to limit nesting and cause population declines.

Results: No significant difference in productivity for closures of 0—3 days. Complete closure of
beaches did improve productivity significantly. More information about responses to human
disturbance is the most important for understanding the effects of disturbance on productivity.
Conclusions: Only full closure resulted in gains sufficient enough to maintain population.
Interactions between high human use of beaches and propensity for overwash (inundation of nests.)
Caveats mentioned: Assumes some conspecific attraction, constant clutch size, constant effects of
human disturbance, all spatial units with nesting habitat equally likely to be selected, food is
abundant, predation is not significant.

Implications for EA: Assesses effects of human disturbance and potential management actions, but
situation is considerably different from Missouri River.

E.4 Buenau et al. 2014

Authors: Kate E. Buenau, Tim L. Hiller, Andrew J. Tyre

Year: 2014

Title: Modelling the effects of river flow on population dynamics of piping plovers (Charadrius
melodus) and least terns (Sternula antillarum) nesting on the Missouri River

Citation: River Research and Applications, 30(8): 964-975

Affiliation: Pacific Northwest National Laboratory, University of Nebraska-Lincoln, Oregon Dept. of
Fish and Wildlife

Model type/structure: Dynamic spatially implicit model of sandbar habitat, stochastic population
viability model with density-dependent fledgling production. Includes environmental, and
demographic stochasticity and observation and estimation error.

Region/population: Missouri River sandbar habitat

Objective/focal mechanisms: Importance of variability in river flow and implications for habitat
management. General behavior of model and relative contributions of sources of uncertainty to
population dynamics. Effects of rare habitat-creating flows on population dynamics.

Population structure, spatial resolution and scale: Five subpopulations on four river reaches and
sandbars in upper Lewis and Clark Lake.
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Temporal resolution and scale: Annual, 5-20 years

Habitat: Dynamically modeled sandbar habitat created through construction and/or high flows and
lost through erosion and vegetation rate. Modeled implicitly as area/river segment.

Management actions: Habitat construction

Data sources: Survival rates estimated from Massey et al. 1992 (adults >3 years 0.92, 23 years
0.81, Juvenile 0.4), density-dependent fledgling production estimated from USACE monitoring data
and USGS/USACE habitat quantification from satellite imagery, 2006—2010 (density dependence
found to be extremely mild).

Metrics and analyses used: Median and 95% CI of habitat area and population size for 5 years, CV
of observed adult abundance.

Validation: Compared with monitoring data from 1998 to 2010. Both observed populations well
within confidence interval of projections, but tern median population size underestimates observed
dynamics.

Results: Highest sensitivity to adult survival, followed by juvenile survival. Estimation error is by far
the largest source of variability in model predictions for least terns, flow variability contributes very
little. Flow does not show strong effects on management outcomes. Slightly better long-term
prospects with continued construction compared to single high flow event.

Conclusions: Because terns show very little density dependence, flow variability is not a major driver
of dynamics, though habitat availability does eventually become a factor.

Caveats mentioned: Underpredictions in tern dynamics may result because model was parameterized
during years where habitat was degraded and predation was significant in some areas. Habitat quality
and other factors of habitat preference not modeled. Inundation risk during a season (intra-season
flow dynamics) which may affect terns more than overall habitat availability was not modeled
specifically.

Implications for EA: Habitat area (above a minimum amount needed) does not have strong effect on
terns, so they do not respond to habitat construction very noticeably. May need to consider other
factors to better understand habitat needs and potential management.
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Appendix F

Images Enlarged from Plover Literature Review Table

F.1 Reproductive Success

F.1.1  Catlin 2009

Nest Initiation:
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Nest Success:

Total Known Possibly
Year
Nests Sucecesstul Successful

2005 183 97(53.0%)  12(6.6%)
2006 205 105(51.2%)  6(2.9%)

2007° 211 107(50.7%)  18(8.5%)

Total 599 300 (51.6%) 36 (6.0%)
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Nest Fate:

Table 2: Faw nest success (% total) for piping plover nests on the Missoun River dunng the 2005 — 2007 nesting seasens. Known
successfial nests had one or more chicks associated with the nest or the parents of the nest. Possibly successful nests did not hawve
chicks associated with the nest or adults but eggs disappeared within 2 days of the projected hatch date. Failed nests did not have
chicks associated with the nest or adults and disappeared cutside the window of reasonable hatch dates (excluding abandoned nests).

Year Total Enown Possibly Failed Failed Failed Failed Failed
Nests  Successful  Successfil Predation  Abandoned  Flooding Orther * Unlnown
2003 183 o7 (33.0%) 12 (6.6%) 18 (9.8%) 7(3.8%) 1 (0.5%) 52T 43(23.5%)
2006 205 105(512%)  6(29%) 17(83%)  21(102%5)  10(4.9%) 42.0%)  42(20.5%)
2007° 211 107(50.7%) 18(8.5%) 4827w LI(1%) 9 (4.3%) 2(0.9%) 12 (3.7%)
Total 390 39(516%) 36(6.0%)  83(13%9%) 43(02%)  20(33%W) 11(1.8%) 97(16.2%)

*Includes bank erosion, weather events, and nests stepped on by researchers.
® Change in protocols led to more failures classified as predation. If eggs were missing before the hatch date and none of the other
causes of failure were implicated, predation was thought the likely cause. The other frequent canses of nest loss, abandonment and
flooding were obvious to observers. Many of the unknown nest losses from 2003 and 2006 were probably as a result of predation.
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F.1.2 Catlin et al. 2011b
Nest Success:

Table 2. Raw nest success (% total) for piping plover nests on the Missouri River during the 20052007 nesting seasons. Known successful nests had >1 chick assodated with the nest or the parents of the nest. Possibly
successful nests did not have chicks associated with the nest or adults but eggs disappeared within 2 days of the projected hatch date. Failed nests did not have chicks associated with the nest or adults and disappeared outside
the window of reasonable hatch dates (excluding abandoned nests).

Known successful Possibly successful Failed predation Failed abandoned Failed flooding Failed other® Failed unknown

Yr Habitat type  Total nests n % n % n % n % n % n % n %
2005 Natural 76 33 43.4 8 10.5 6 7.9 3 3.9 0 0.0 0 0.0 26 34.2
Managed 36 12 333 2 5.6 12 333 2 5.6 0 0.0 0 0.0 8 222
Engincered 71 52 73.2 2 2.8 0 0.0 2 2.8 1 1.4 5 7.0 9 12.7
2006 Natural 47 14 29.8 1 21 7 14.9 5 10.6 9 19.1 0 0.0 11 23.4
Managed 31 7 226 1 32 8 25.8 3 9.7 1 32 0 0.0 11 355
Engincered 127 84 66.1 4 31 2 1.6 13 102 0 0.0 4 31 20 15.7
2007 Natural 54 21 389 7 13.0 14 259 2 37 6 11.1 1 1.9 3 5.6
Managed 16 6 37.5 4 250 4° 250 1 6.3 0 0.0 0 0.0 1 6.3
Engincered 141 80 56.7 8 5.7 29" 20.6 12 8.5 3 21 1 0.7 8 5.7
Total 599 309 51.6 37 6.2 82 13.7 43 7.2 20 3.3 11 1.8 97 16.2

* Includes bank erosion, weather events, and nests stepped on by researchers.

b Change in protocolsled to more failures classified as predation. If eggs were missing before the hatch date and none of the other causes of failure were implicated, we concluded that predation was the cause of failure. The

other frequent causes of nest loss, abandonment and flooding, were obvious to observers. Many of the unknown nest losses from 2005 and 2006 were probably as a result of predation.



Cohen et al. 2009

F.1.3

Nest Initiation:
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Nest Success:
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Figure 14. Mean nest survival of piping plovers (Mayfield method) at West
Hampton Dunes (WHD) and the reference area (REF), New York, USA, by year.
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Nest Fates:

Table 6. Piping plover nests lost (no. and %) to different causes, West Hampton Dunes (WHD) and the reference area (REF), New York, USA, 1993-2004.

Nests lost to

Cat Crow” Fox Unidentified predator ~ Abandonment Other*
Site Nest fenced?” n no. % no. % no. % no. % no. % no. %
WHD No 358 12 3.4 14 3.9 26 73 61 17.0 20 5.6 22 6.1
Yes 35 0 0.0 0 0.0 8 22.9 0 0.0 3 8.6 1 29
REF No 151 11 7.3 19 12.6 2 1.3 45 29.8 14 9.3 10 6.6
Yes 47 0 0.0 0 0.0 0 0.0 0 0.0 14 298 2 4.3

* Fenced by predator exclosures.
Y Corvus brachyrhynchos.

¢ Blackbird (Icteridae), gull (Larus spp.), dog (Canis lupus familiaris), raccoon (Procyon lofer), flooding, pedestrian; contributed to <<5% of nest losses in each row.
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Figure 17. Mean proportion of piping plover nest losses followed by a renest
versus date of nest loss at West Hampton Dunes and the reference area, New York,
USA, 1994-2004. We calculated mean probabilities within 5-day intervals, except
for the first and penultimate interval, which were 10 days, and the last interval,
which was 45 days. Numbers to the right of points are sample sizes for the interval.
Fitted line and coefficient of determination (#*) are shown to illustrate the
relationship, but our inferences were based only on model-averaged estimates (all
possible logistic regressions of 5 variables) and relative importance of the effect of
nest-loss date.
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Fledglings per Nest or Minimum Adult Pairs:
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F.1.4 Doherty and Heath 2011

Nest Success — Nest Fate:

[Iable 1. Number of failed eggs and nests in each nest fate category for breeding piping plovers on Suffolk County Park beaches, New York, beaches in 2006 and
2007. Three nests failed due to unknown reasons.

Fate category

Successtul Mixed-fate Abandoned Depredated Flooded
Hatching Failed Failed Failed Failed Failed
Yr SUCCEss egps Nests egpgs Nests egps Nests egps Nests egos Nests
2006 0.65 0 22 16 14 29 9 15 4 5 2
2007 0.56 0 24 8 7 23 8 40 11 8 3
Total 0.60 0 46 24 21 52 17 55 15 13 5

Table 2. Fates of exclosed and unexclosed piping plover nests on Suffolk County Park beaches, New York, in 2006 and 2007. Predator exclosure use increased
piping plover hatching success.

Fate category

Hatchi Successtul Mixed-fate Abandoned Depredated Flooded
atching

Management SuCCess n % n % n % n % n %
Exclosed 0.68 20 49 11 27 7 7 1 2 2 5
Not exclosed 0.56 26 39 10 15 10 15 14 21 3 5
Total 0.60 46 46 21 17 17 16 15 14 5 5




F.1.5 Donlan et al. 2003
Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs:

Table 1. Charadrius melodus. Results of piping plover reproductive success at reference and impact area beaches. Source of
data: McGourty (1996), Table 2 and Casey (1996, Appendix E)

Year Sites Pairs MNests Eggs Hatched Hatched Fledged Fledged Fledglings
(%) [%a) per pair
Reference area beaches
1996 6 20 22 B7 75 86 42 56 2.1
1995 4 13 18 63 46 73 24 52 19
1994 4 a 10 39 31 80 22 71 24
1993 3 ] 11 45 32 71 23 72 2.6
1992 2 ] 6 23 15 63 12 80 24
Impact area beach
1996 1 ] 16 53 22 42 9 41 1.0
1995 1 a 9 35 31 89 14 45 16
1994 1 8 9 33 17 52 8 47 1.0
1993 1 8 10 38 33 87 7 21 0.9
1992 1 6 6 19 7 7 4 57 0.7

F.1.6 Espie et al. 1996

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs:

Table 5. Sample means and standard deviations of habitat variables for successful, flooded, and
depredated nests.

F (ANQVA)*

Variable Successful nests Flooded nests Depredated nests 1 2

Near water 68.23+40.10 (30) 43.92+26.45 (24) 53.00+£20.53 (13) 6.06* 0.53

Main water 131.70+93.64 (30) 69.29+51.44 (24) 81.62+69.13 (13) 8.66** 3.30
Vegetation 120.83+142.12 (30) 92.87+82.32 (24) 23.834+15.28 (13) 0.06 5.05%

Pebbles 1025.67+354.38 (21) 1051.92+390.11 (20) 946.89+21.74 (11) 2.53* 0.25

Stones 37.051+26.27 21) 47.03+18.89 20 31.831+21.74 (11) 1.94 0.32

Note: Numbers in parentheses are sample sizes,
71, successful vs. flooded nests; 2, successful vs. depredated nests; *, p < 0.05; **, p < 0.01; others p > 0.05.
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F.1.7 Espie et al. 1998

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs —Sample Size:

Table 1
Nest chronology, reproductive success, nest loss and nest elevations for piping plovers at Lake Diefenbaker, Saskatchewan, 19921993
1992 1993

Mean 1 SE n Mean 1SE n t p
Nest initiation site 12 May 2.14 23 9 May 1.05 9 0.81 042
Hatch date 15 June 2.14 23 10 June 1.05 9 1.38 0.18
Fledge date 7 July 1.29 19 3 July 1.99 2 1.09 0.29
Eggs laid/pair 3.9 0.05 30 4.0 0.00 39 —1.64 0.10
Chicks hatched/pair 2.8 0.31 30 0.8 0.26 39 482 <0.001
Fledglings/pair 2.0 0.27 30 0.1 0.08 39 7.54 <0.001
% of nests lost to predators 20.0 30 17.9 39
% of nests lost to flooding 33 30 59.0 39
Nest elevation (m) 554.67 0.21 28 555.10 0.07 39

F.1.8 Felio et al. 2010

Nest Fate:

Table 3. Piping plover nest success for the 2008 breeding

SEATon.
Hatched Failed
Enown Hatch 149 Abandomment 13
Probable Hatch 9 Enown 41
Pradation
Flood 33
Weather 12
{(hail or rain}
Unknown 43
Total 158 142
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F.1.9 Gaines and Ryan 1988

Nest Success:

Table 2. Piping plover breeding population and reproductive
success at Chain-of-Lakes, North Dakota, 1984-85.

1984 1885
No breeding pairs 46 9l
No. nests o3 97
e SUCeesst 34 33
Y onest suecesst 41 42
% chick success 77 65
No fledped 68 95
Fledged/breeding pair 1.48 1.04

o ¢ akenlazed wsingg the Mo fiekd methuod (Mayfield 1961, Johnson 1979).

Fledglings per Nest or Minimum Adult Pairs:

Table 4. Piping plover reproductive success in the northern Great Plains, 1980-85.

No. Chicks
Location Year pairs fledged Chicks fledged/pair Source
Minn. 1982 15 26 1.7 Wiens and ie
loss >0 o o Cuthbert (1984), Wiens (195%6)
1984 22 13 0.6
Manit. I 1982 9 2 0.2 Haig (1987)
1983 7 3 0.4
Manit, II 1984 17 24 1.4 Haig (1987)
1985 16 10 1.6
Sask. 1980 11 12 1.1 Whyte (1985)
1981 9 7 0.7
N.D. 1984 46 68 1.5 This study
1985 91 a5 1.0
Total 264 304
% = SE 1.12 + 0.33
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F.1.10 Ivan and Murphy 2005

Fledglings per Nest — Minimum Adult Pairs:
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F.1.11 Knetter et al. 2002

Fledglings per Nest — Minimum Adult Pairs:

Chicks FledgedPair
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Figure 2. Number of piping plover chicks fledged/pair in the
Lostwood and Stateline regions in northwest North Dakota and
northeast Montana during 1994-2000 (all records).

F.1.12 Kruse et al. 2001
Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs — Sample Size:
TapLE 1. Productivity summary for Piping Plovers and

Least Terns nesting on the Gavins Point and Fort Randall
river reaches of the Missouri River, South Dakota, 1991

and 1992,

Piping Plover Least Te::
Total Nests 238 354
Total Destroyed 128 (53.8%) 179 (30.6%)
Predation 61 (25.6%) B0 (22.6%)
Chicks Hatched 368 330
Chicks Fledged 57 (15.5%) Bl (24.5%)
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F.1.13 Larson et al. 2002

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs — Sample Size:

Table 1. Baseline input parameters for the stochastic demographic simulation model of the female segment of the Great Plains
population of piping plovers.

Parameter Estimate SD Cv Source
Beginning population size, N, 1,500 Censuses®
Proportion on alkaline sites, £, 0.73 Censuses?®
Alkaline fledging rate, F, 0.445° 0.215 0.483 Table 4
River fledging rate, F, 0.365° 0.176 0.483 Table 5
Annual adult survival, S, 0.737 0.205 0.279 Larson et al. (2000)
Annual immature survival, S; 0.48 0.13 0.279 Melvin and Gibbs (1996)

4 Haig and Plissner (1993) and Plissner and Haig (2000a).
b Female fledglings produced per breeding female per year (i.e., [fledglings per pair/2).
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Table 2. Fledging rates of piping plovers at alkaline wetlands and freshwater lakes in the Great Plains without predator-exclusion
management.

Location Xa SEP Years Source
Williams Preserve®, North Dakota 0.86 0.12 13 M. R. Ryan et al 4
Mountrail County, North Dakota 0.45 0.12 4 Murphy et al. (2000)®
North Dakota—Montana state line 0.89f 0.24 4 Murphy et al. (2000)®
Sheridan County, Montana 1.04 5 Rabenberg et al. (1993)9
Lake of the Woods, Minnesota 1.30 4 Wiens (1986)", Haig and Oring (1987)
Manitoba (large lakes) 0.9 0.1 4 Haig (1987)
Big Quill Lake, Saskatoon 0.76 2 Whyte (1985)
Weighted mean/sum 0.89' 0.10 36

2 Fledglings produced per breeding pair per year.

b Data were not available to calculate an SE for some means.

¢ John E. Williams Memorial Nature Preserve, McLean County, North Dakota, USA.

dSome data were published by Prindiville Gaines and Ryan (1988) and Mayer and Ryan (1991); the rest were unpublished
data, collected in 1989-1990, 1992-1996, and 1999, from M. R. Ryan and The Nature Conservancy staff.

© Mountrail and State Line data were kept separate for this analysis but were combined by Murphy et al. (2000).

f Years do not overlap with data from Rabenberg et al. (1993).

9 Most of the data were presented earlier by Smith {1991).

h Some of the data were presented earlier by Wiens and Cuthbert (1984).

' Calculated using location means weighted by n years.



Table 3. Fledging rates of piping plovers at river sites and
reservoirs in the Great Plains without predator-exclusion man-
agement. Data were not available to calculate a standard error
for any location mean.

Location X2 Years Source
Lake Diefenbaker,
Saskatoon 0.49 10 Espie et al. (1998)
Gavins Point, South
Dakota 0.45 7 Kruse (1993)F
Missouri River, North
Dakota 0.86 4  Mayer (1993)

Northeastern Montana 1.61 4 Rabenberg et al. (1993)
Platte River, Nebraska 1.00 1 J.Dinan, Nebraska
Game and Parks
Commission, person-
al communication
Weighted mean/sum  0.73° 26

a Fledglings produced per breeding pair per year.

b Some of the data were presented earlier by Schwalbach
(1988) and Dirks (1990).

€ Calculated using location means weighted by n years; SE
=0.21.
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Table 4. Fledging rates of piping plovers protected with nest cages and temporary electric fencing on alkaline wetland beaches
in 3 areas of northwestern North Dakota and northeastern Montana, USA.

Breeding
Location xa SE n Years pairs
Nest cages
Williams Preserve® 1.25 0.11 5 1995-1999 55
Mountrail County 1.24 015 6 19941999 114
North Dakota—Montana state line 1.46 0.28 4 1996-1999 138
Weighted mean 1.28¢ 0.07
Nest cages and temporary fencing
Williams Preserve? 1.39 052 2 1996-1997 27
Mountrail County 1.59 0.22 6 19941999 105
MNorth Dakota—Montana state line 2.09 019 3 1996-1998 21
Weighted mean 1.78¢ 0.21

4 Fledglings produced per breeding pair per year.
b John E. Williams Memorial Nature Preserve, McLean County, North Dakota, USA.
¢ Calculated using location means weighted by SE~'.



F.1.14 Maslo and Lockwood 2009
Nest Success:

Table 2
Effects of conservation treatments on hatching success (1998-2007).

Condition N DSR* Hatching Success (%) SEP 95% Confidence
Interval

Lower Upper

Unprotected

NJ 522 095 19 0.002 0949 0958
Sandy Hook 77 092 6 0.009 0.903 0.941
Brigantine 25 092 6 0.017 0.881 0.950
Exclosed

NJ 464 099 62 0.001 0984 0.988
Sandy Hook 122 099 59 0.002 0.980 0.988
Brigantine 12 0.99 81 0.004 0976  0.998
Electrified

NJ 157 0.97 43 0.002 0972 0.980
Sandy Hook 96 097 34 0.003 0.962 0.976
Brigantine 55 099 78 0.002 0.987 0.996

Sample size for Corson’s Inlet is too small to obtain reliable statistical results.
Sandy Hook and Brigantine nests are included in the NJ results.

¢ Daily survival rate.

b Standard error.

Nest Fate:
Table 3
Percentage of Abandoned Nests Under Varying Conservation Treatments.
Site % Abandoned
Unprotected Exclosed Electrified
All NJ Breeding Beaches® 7 (359)* 19 (373) 30 (187)¢
Sandy Hook 6 (78) 19 (123) 39 (123)
Brigantine 0(25) 0(12) 0 (55)
Corson’s Inlet 20° (5) 0(2) 0(8)
? Total number of nests under each conservation treatment is indicated in
parentheses.
P N=29.

¢ Only 1 nest was abandoned at this site. Percentage is artificially inflated due to
small sample size.

4 Total number of nests includes the three study sites and one application of
electric in Ocean City, NJ.
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F.1.15 Maxson and Haws 2000

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs:

Table 2. Fate of Piping Plover nests at Lake of the Woods, Minnesota, 1988-2000.

Nest fate
Year Total nests Hatched Depredated Washed away Abandoned
1988 ' 13 9 4
1989 ' 10 2 2 g (1]
1990 : 7 3 3 1 0
1991 6 5 0 1 0
1992 5 3 1 0 1
1993 6 4 0 0 9
1994 7 5 0 0
1995 8 5 3 0 )
1996 9 3 2 3 |
1997 2 1 1 0 ;
1998 4 3 0 0 !
1999 5 2 0 1 :
2000 6 3 0 1 g

%
g
[#2]
o0
1N
oo
[a—
[=2]
[
]
o
]

Table 3. Piping Plover hatching and fledging success at Lake of the Woods, Minnesota, 1982-2000".

Egps Chicks
No. fledged per

Year No. laid % hatched No. fledged % fledged breeding pair
1982 86 44.2 26 68.4 1.7
1983 85 75.3 44 68.7 2.1
1984 99 19.2 13 68.4 0.6
1985 710 0.40.5
1986 9 0.8
1987 221 0.3-3.0
1988 52 69.2 12-15 33.341.7 1.0-1.2
1989 32 9.4 1 333 0.1
1990 26 42.3 4 36.4 0.7
19912 24 83.3 24 10.0-20.0 0.3-0.7
1992 20 60.0 1 33.3 0.8
1993 23 60.9 9 64.3 1.8
1994 26 73.1 47 21.1-36.8 0.7-1.2
1995 29 66.5 7-8 36.8-42.1 1.0-1.1
1996 20 65.0 46 30.8-46.2 0.8-1.2
1997 5 80.0 0 0.0 0.0
1998 13 65.5 78 87.5-100.0 2327
1999 16 375 5 83.3 1.2
2000 22 456.5 7 70.0 1.4

'1982-1984 data from Wiens (1986), 1985-1987 data from Haig and Oring (1987).
*Predator exclosures placed around most nests 1991-2000.
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F.1.16 McGowan et al. 2007

Nest Initiation —Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs — Sample
Size:

Table 1. Habitat characteristics within one square meter of four Piping Plover ( Charadrius melodus) nests found on
an island in the Missouri River between South Dakota and Nebraska, spring 2006.

No. Distance to
Cottonwood No. Willow Vegetation % Vegetative — un-vegetated
Nest saplings saplings height (m) ground cover habitat (m) Nest fate
1 5 1 0.3-0.9 1-5 32.6 Failed Unknown
2 5 1 0.2-1.0 1-5 19.1 Hatched
3 9 2 0.2-1.5 1-5 68.6 Depredated Raccoon
-4 1 3 0.5-1.8 1-5 13.3 Abandoned

F.1.17 Patterson et al. 1991

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs:

Tabie 1. Piping plover productivity on Assateague Island, 1986-

ar. .
Chicks
Nests % neat & chick fedged/
Area {n)  success® survivalt  pair
Maryland

Northern 11 km 59 3%4 538 111
Off-road vehicle

section 3 385 600 150
Virginia

Wild Beach 23 1.2 83 0.20f
Wash Flats 22 B35

Tom's Cove Hook 24 94 500 019

4 Calculated using Mayfield's {1975) method and a 3-day egg layingf
incubating period.

b Number of chicks halched/number of chicks fledged.

¢ Based on number of nesting pairs.

4 Bascd on number of successful nests. Some pairs that lost nests in
this area renested on Wash Flals.
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Table 4. Probability of nest survival for piping plover nests on
different substrates, Assateague Island, 1986-87.

Nests  Probability of

Arca {n) nest survival P
Maryland nests b
Pure sand 23 0.6036 0.021

Sand, shell, cobble a3 0.2779

Wild Beach nests (Va.)
Pure sand 20 0.1512

Sand, shell, cobble 3 0.3837 , G288
Wash Flat nﬁu‘l(\'a.)
Pure sand 7 0.7372 0.569
Sand, sheli, cobble 15 0.8802
Tem's Cove Hgok nests (Va.)
Pure sand 11 0.1679 0.326

Sand, shell, cobble 11 0.0573

* Hensler's {1985) 1est resulls,

Table 5. Mean parcentage of chicks fledging in piping plaver
broods, Assateague Island, 1986-87 .-

n r SE b

Type of recreational access

ORY use allowed 3 56.7A" 19.44

ONV use not allowed 33  48.2A 6.92
Type of foraging habitat

Bay 20 GO.2Ac 7.85

Tidal pool 3 66.7AB 16.67

Miscellaneous 3 222AB 11.11

High energy beach® 12 18.8B B.5%

* Means within a category with the same letters are not different (P
= 0.05). +

b Mann-Whitney U-test results {corrected for ties).

© Kruskal-Wallis {correcled for ties) and subsequent multiple com-
parison test results (Zar 1984).

4 The high encrgy beach is the portion of the beach subject 1o wave
action throughout the tidal eycle.
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F.1.18 Rimmer and Deblinger 1990

Nest Success:

TABLE 1. Hatching success (nests hatching one or more eggs) of Piping Plover nests at
Crane Beach, Ipswich, Massachusetts between 1986-1989.

Nests n Number hatched Number failed
Treated 26 24 (92%)* 2 (8%)
Untreated 24 6 (25%) 18 (75%)
Total 50 30 (60%) 20 (40%)

* = Hatching success significantly different (x* = 20.84, P < 0.001) and higher than
untreated nests.

F.1.19 Roche et al. 2010a

Sample Size — Years:

TagLe 1. Annual numbers of Creat Lakes Piping Plover nests lost because the attendant adults disappeared or
deserted the nest or because of egp predation or flooding, versus the total number of nests initiated. In addition,
we list the number of uniquely marked male (M) and female (F) birds affected by each form of nest loss. For all
categories of nest loss, blank spaces or values < i indicate males or females that were not uniquely banded.

Abandonment
Disappearance? Diesertion Epg predation Flooding

Year Mests i M F n M F n M F n b F
1993 19 2 1 1 1 1 1 0

1994 21 1 1 0 2 2 2 0

1995 23 o 0 2 2 2 0

1996 23 2 1 1 1 1 2 2 1 0

1997 25 1 1 1 1 1 1 1 0

1998 26 o 0 1 1 1 0

1999 39 o 1 1 1 2 2 1 4 4 3
2000 34 2 1 1 0 R 1 1 0

2001 3B 1 1 0 4 2 2 0

2002 56 5 1 5 2 1 2 R 2 1 2
2003 51 1 1 2 1 2 1 1 1 0

2004 59 3 3 1 2 1 1 1 4 2 2
2005 58 7 3 1 1 1 1 1 1 1 1 1

2006 &0 4 1 3 1 1 1 3 2 2 3 3 2
2007 &9 5 2 4 3 3 1 1 1 4 4 1
Total 599 34 12 1o 15 12 10 30 18 17 18 15 10

aThere were three instances (one each in 2002, 2004, and 2007) in which both pair members disappeared; the remaining pair
members were categonzed as “widowed.”
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F.1.20 Roche et al. 2008

Nest Success:

Table 4 - Comparative reproductive success of nesting captive-reared and wild-reared male piping plovers; p-values are
from permutation tests (see text)

Eggs laid Chicks hatched (all nests) Chicks hatched (successful nests) Chicks-fledged
n Mean 5D p-value Mean SD  p-value Mean sD p-value  Mean SD p-value
Captive-reared 10 382 038 015 228 131 0.03 296 103 004 115 139 008
Wild-reared male 57 391 0.25 3.10 117 156 068 180 128

A successful nest was defined as a pair that fledged at least one chick.

Fledglings per Nest or Minimum Adult Pairs:

g
m e
1.04 m3
< w w4+
1 2 3 4+ 1 2 3 4+ 0.8
Breeding Propensity 0.78 0.58 0.B3 0.98 0.63 058 0.83 066 .
Fledging Rate 058 0.58 0.58 0.58 0.1 0.8 0.8 0.81 g
Stage 1 Survival 0.08 0.08 0.02 0.08 028 028 028 029 § 0.6+
Stage 2+ Survival 0.8 0.68 0.62 0.3 078 078 078 0.78
Fecundity 004 0.23 0.33 0.38 0,17 041 0.5 0.88 04
Lambda 0.7 1.00
0.2
0.0 .
Captive-reared Wild-reared

Fig. 2 - Age-specific reproductive contributions of captive-reared and wild-reared piping plovers in the first four years
following hatch. Values are depicted as age-specific proportions of the total contribution to the finite rate of population
change (lambda) for each group.
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Sample Size — Years:

Table 1 - Summary of captive-rearing activities for Great Lakes piping plovers, 1992-2008

Viable eggs salvaged Eggs hatched Chicks released Resighted NB (1+) B
1992 2 2 2 0 0
1993 4 3 3 0 0
1996 3 3 2 0 0
1997 4 4 L 1 2
1998 a a g8 0 [i]
1999 4 7 2 0 0
2000 10 10 9 2 1
2001 4 3 3 0 0
2002 19 19 19 1 1
2003 12 12 8 1 1
2004 9 9 10 0 0
2005 18 18 15 3 0
2006 27 27 17 4 3
2007 27 16 12 0 7
2008 41 28 28 na na
Totals 192 164 142 12 10

Mon-breeding (MB) and breeding (E) captive-reared plovers resighted in subsequent years (1+) are listed according to the year they were
released.
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F.1.21 Roche et al. 2012

Fledglings per Nest or Minimum Adult Pairs:

TaBLE 3. Flood years, fledging rates, and flood indices used to designate flood years for Piping Plover breeding areas in Saskatchewan, 2002-2008.
At Big Quill Lake, the flood index was the Environment Canada water level (see Acknowledgments) at the beginning of the breeding season (1 May);
at Lake Diefenbaker, the flood index was change in lake water level between the beginning (1 May) and end (1 July) of the breeding season (C. White
pers. comm.); and in the Missouri Coteau (because hydrological measurements of small wetlands are not systematically collected),
counts from the Waterfowl Breeding Survey (SK Missouri Coteau state) were used as an index of flooding events (see Acknowledgments). For each
population, we standardized flooding index values (mean = 0, SD = 1) and used these values (>0) to designate flood years. Fledging rates are the mean
number of chicks fledged per individual used in our mark-recapture analysis by state and year combination; we report the sample size in parentheses.

raw spring pond

Big Quill Lake Lake Diefenbaker Missouri Coteau
Meters above Number of
Year Fledge rate sea level Fledge rate Change (m) Fledge rate ponds
2002 1.30 (n =54) 514.1 Flood 0.17 (n=104) 4.6 0.83 (n=63) 193,792
2003 1.71 (n=82) 514.3 1.00 (n=122) 1.0 Flood 0.51 (n=108) 851,096
2004 0.47 (n=106) 514.0 0.89 (n=149) 1.2 0.57 (n=135) 372,215
2005 1.10 (n = 115) 513.9 Flood 0.03 (n=172) 4.0 0.55 (n=132) 550,857
2006 Flood 0.25(n=128) 515.1 Flood 0.37 (n=131) 2.8 0.58 (n —11OJ 636,964
2007 Flood 0.30 (n =20) 516.3 Flood 017 (n=77) 3.1 0.00 (n=165) 600,079
2008 Flood NA 516.8 Flood 0.07 (n =69) 4.3 0.00 (n 46) 251,415




Sample Size:

Taste 1. Total number of Piping Plover nests initiated, flooded, and moved in three Saskatchewan breeding areas. Pip-
ing Plover nests at risk of flooding were moved (translocated) out of reach of high water levels at Lake Diefenbaker. Nest
searching was not conducted at Big Quill Lake and the Missouri Coteau after 2006.

Location Year Total nests Number flooded Percentage flooded Number moved
Lake Diefenbaker 2002 139 49 35 12
2003 95 a8 & 22
2004 100 2 2 0
2005 150 90 60 0
2006 104 4 4 30
2007 97 8 8 55
2008 95 17 18 50
Big Quill Lake 2002 30 0 0 —
2003 33 o 0 —
2004 43 o 0 —
2005 40 o 0 —
2006 39 2 5 —
Missouri Coteau 2002 55 0 1] —
2003 66 0 ] —
2004 57 2 4 —
2005 54 0 0 —
2006 56 2 4 —
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F.1.22 Saunders et al. 2012

Nest Success:

30

25

- = Male
— Female

Hatch date

0 | | T T T | | T
1 2 3 4 5 6 7 8

Age (years)

Fic. 2. Effects of female (n; = 181) and male (n,, = 183) ages on hatch
date (1 = 1 June) during 19932009 in the Great Lakes region, exclud-
ing renesting attempts. Solid regression line represents the linear model
where hatch date was modeled as a function of male and female age, with
male age held constant. The dashed regression line represents the model
where female age was held constant. HDATE = B + B, * agef + B, * agef* +
[33 *agem + [34 * agem?, where ﬁo =136.5 + 1.83 [SE], B] =-5.12 + 0.83,
B, =0.37 £ 0.09, B, =-2.75 £ 0.71, and B, = 0.21 = 0.07. Dotted lines
indicate + SE.
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Nest Fate:

TaBLE 2. Number of brood-rearing attempts by Great Lakes Piping Plover pairs from 1993-2009, according
to male and female age. Individuals appear multiple times if they nested successfully in >1 year.

Female age

Male age 1 2 3 4 5 6 7 8 9 10 >
1 47 20 6 9 1 1 — 1 1 — 86
2 30 31 15 7 4 2 3 — — — 92
3 13 27 19 8 6 3 2 2 — — 80
4 9 14 13 11 8 — — — — — 55
5 4 4 8 6 7 4 — 1 — — 34
6 — 5 5 6 5 3 2 — — — 26
7 1 1 3 2 5 3 2 1 1 — 19
8 1 — 1 3 — 2 1 1 — 1 10
9 1 1 — — — — — 1 1 — 4
10 — — 1 — — 1 1 — 1 — 4
1 — 1 — 2 — 1 — — — — 4
12 — — 1 — — — — — — — 1
> 106 104 72 54 36 20 11 7 1
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Fledging success
=
(%3]
1

— No location change
==+ Location change

'''''

_____

........
........

JESVSEL

1 2

3 4 5

Fermale location experience (years)

Fic. 3. Effects of female location experience and female location
change on fledging success of Piping Plovers in the Great Lakes popu-
lation. Solid regression line represents fledging success as a function of
female location experience and the interaction term, for females that
did not change locations (i.e., female location change held constant at
FLOCH = 0). The dashed regression line represents fledging success
for females that did change locations (i.e., female location change held
constant at FLOCH = 1). Dotted lines indicate + SE. Graphs include
95% of the observed range of variation in female location experience.
FLEDGE =0.56 = [SE=0.08] + 0.07 [SE=0.03] * LEXPF + 0.11 [SE=0.22]
*FLOCH - 0.24 [SE = 0.14] * LEXPF * FLOCH.
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F.1.23 Shaffer et al. 2013

Nest Initiation:

NestSpecies=PIPL
GRR GRR
2006 2007
40
30+
204
N Hﬂﬂﬁﬂh
0
GVP GVP
2008 2009
40
£ 30
o
=
o 20
A
0 =
SAK SAK
2007 2008
404
30+
20+
10—+
0 I | I ] I | 1 I
16Apr 16May 16Jun 16Jul 16Apr 16May 16Jun  16Jul
1960 1860
Mest Initiation date
Nest Success:
% Mest Success
USG5 95% COE COE
Stud U5GS
Species ;E: ‘fear Ectimate Confidence Reported Reported
Interval Apparent  Mayfield
LETE GRR 2006 65 54-73 77 76
LETE GRR 2007 78 6E—85 &9 7
LETE GWP 2008 66 59—-73 75 63
LETE GWP 20049 73 64—80 79 7&
PIFL GRR 2006 21 16—27 L 45
PIPL GRR 2007 47 39-54 73
PIFL GVP 2008 42 35—48 &7 53
PIPL GWP 20049 41 34-45 L 45
PIFL SAK 2007 25 17-33 41 12
PIFL SAK 2008 2B 15-37 43 16
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Fledglings per Nest or Minimum Adult Pairs:

Low Renesting High Renesting
USGS USGS 95% 5G5S USGS 95%
) Study Reported - Relative . Relative
Species A Year by COE Expanded Confidence Bias (% Expanded Confidence Bias (%
red ¥ Estimate Interval ias (%) Estimate Interval 1as (%)
LETE GRR 2006 0.81 0.78 0.51-1.17 4 0.90 0.559-1.35 -10
LETE GRR 2007 1.06 0.80 0.46-1.32 33 0.89 0.52-1.48 18
LETE GVP 2008 1.14 1.23 0.98-1.50 -7 1.37 1.09-1.68 -17
LETE GVP 2009 1 1.43 1.16-1.75 -30 1.61 1.30-1.57 -38
PIPL GRR 2006 MNA MNA
PIPL GRR 2007 0.97 0.96 0.46-1.77 1 1.12 0.54-2.06 -14
PIPL GVP 2008 1.37 0.89 0.76-1.05 54 1.03 0.88-1.21 33
PIPL GVP 2009 1.09 0.60 0.57-0.63 83 0.68 0.65-0.72 60
PIPL SAK 2007 0.7 0.34 0.04-1.11 107 0.42 0.06-1.37 68
PIPL SAK 2008 0.68 0.27 0.05-0.83 155 0.32 0.06-0.98 116
F.1.24 Sherfy et al. 2008
Nest Initiation:
40 >

35 A

304

Number of Nests

1 2 3 4 5 6 7 8 9 10 11 12 13
Week Found

Figure 9. Number of piping plover nests found on the Garrison Reach by week and the ultimate
fate of those nests. Dark bars indicate number of successful (known or probable) nests and open
(white) bars indicate number of unsuccessful (known or probable) nests. Percentages indicate
percent of nests found during that week that ultimately produced at least 1 hatchling. Week 1=
29 April - b May; Week 13 = 22 July - 28 July, 2007.
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Next Success:
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Figure 13. Number of piping plover nests found on Lake Sakakawea by week and the ultimate fate
of those nests for 2006 and 2007. Dark bars indicate number of successful (known or probable)
nests and open white] bars indicate number of unsuccessful (known or probable) nests.
Percentages indicate percent of nests found during that week that ultimately produced at least 1
hatchling. The black circles represent adult counts from weekly surveys during 2007 [see Table
28). Week 1 =30 April - 6 May, 2006 and 27 April - 3 May, 2007.
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Nest Fate:

Table 24. Numbers and fates of least tern and piping plover nests from intensive surveys of 17 4-
mile river segments on the Garrison Reach during 2007.

Nest fate
Nests Successful silt;?:l;aszlfil P':r(;ﬁﬁ:);e Failure Unknown
Least tern 112 45 28 0 23 16
Piping plover 207 44 64 0 a6 13
Total 319 a9 92 0 109 29

F.1.25 Sherfy et al. 2009a

Nest Initiation:

60

50

40

Number of PIPL Nests

1 2 3 4 5 B 7 8 9 10 1 12 13 14 15
Week Found

Figure 9. Number of piping plover nests found on the Gavins Point Reach by week and the
ultimate fate of those nests. Dark bars indicate number of successful (known or probable)
nests and open (white) bars indicate number of unsuccessful (known or probable) nests.
Percentages indicate percent of nests found during that week that ultimately produced at
least one hatchling. Week 1 = 20 April to 26 April; Week 15 = 27 July to 2 August, 2008.
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Nest Success

— Nest Fate:

Table 12. Numbers and fates of least tern and piping plover nests on created and natural
sandbars on the Gavins Point Reach (GVP) and Lewis and Clark Lake (LCL) in 2008.

Nest Fate
Species Study Sandbar Type Total Nests Successful Probable Pmt_)able Failure Unknown
Area Successful Failure
Least Mechanically
Temn GVP Created 155 80 25 0 38 12
Natural 41 15 5 0 19 2
Mechanically
LCL Created 140 58 38 0 3 13
Piping GVP Both 237 94 13 0 108 22
Plover
Total 537 247 81 0 196 49

F.1.26 Sherfy et al. 2009b

Nest Initiation:

Number of PIPL Nssts

Figu

50

45

40

35 -

El

55%)

25

20

15 -

10

Week Found

re 5. Number of piping plover nests found on the Gavins Point Reach by week and the

ultimate fate of those nests. Dark bars indicate number of successful (known or probable)
nests and open (white) bars indicate number unsuccessful (known or probable) nests.
Percentages indicate percent of nests found during the week that ultimately produced at
least one hatchling. Week 1 = 26 April to 2 May; Week 14 = 26 July to 1 August, 2009.
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Figure 9. Number of piping plover nests found on Lake Sakakawea by week and the
ultimate fate of those nests. Dark bars indicate number of successful (known or probable)
nests and open (white) bars indicate number unsuccessful (known or probable) nests.
Percentages indicate percent of nests found during the week that ultimately produced at
least one hatchling. Week 1 = 26 April to 2 May; Week 14 = 26 July to 1 August, 2009.

Nest Success — Nest Fate:

Table 7. Numbers and fates of least tern and piping plover nests on the Gavins Point
Reach in 2009.

Nest Fate
Probable Probable -
Total Nests Successful Successful Failure Failure Unknown
Least Tern 136 91 6 1 33 5
Piping Plover 194 72 16 0 98 8
Total 330 163 22 1 131 13

F.36



F.1.27 Tremblay et al. 1994

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adults Pairs — Sample Size:

Kouchibouguac National Park, New Brunswick.

Territorial Number  Hatching  Fledging
Year pairs of nests rate” rate”
1982 16 16 2.7° -
1983 21 21 2.8° 2.1
1984 11 4 _ _
1985 12 3 - -
1986 15 12 - -
1987 15 15 1.2 0.93
1988 13 9 2.6 2.2
1989 16 16 26 2.1
1990 15 15 3.4 1.9
1991 17 16 1.7 12
1992 15 13 33 2.3
1988-1992  15.2 13.8 25 1.94

F.1.28 Wiens and Cuthbert 1988

Nest Success — Nest Fate — Fledglings per Nest or Minimum Adult Pairs:

TABLE 3
RELATIONSHIP BETWEEN MATE RETENTION AND PREVIOUS REPRODUCTIVE SUCCESS IN
ILAKE OF THE WoODs PIPING PLOVERS

. . Fate of pairs in subsequent season
Reproductive success in

original season Number of pairs Reunite Separate Discontinue  Status unknown
Succeeded 27 5 3 12 7
Failed 9 0 E| 4 2
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Sample Size:

TABLE 1
PrrinG PLOVER POPULATION SIZE AT FOUR SITES AT LAKE OF THE WOODS

Year

1982 1983 1984

Breeding adults
Pine and Curry Island 24 32 36
- Morris Point 4 6 8
Zippel Bay 1] 2 0
Rocky Point 2 2 0
Non-breeding adults 14 7 3
Total 44 49 47
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F.1.29 Dirks 1990

Nest Success — Nest Fate:

Table 4. Piping plover nest fates along the Missouri River in

Scuth Dakcta during 1988 and 1989.

Total
Gavins Pt. Ft. Randall 1988 1989
1988 1989 1988 1989 N (%) N (%)

Mests with
Known Fate 139 103 7 146 (100) 112 (100)
No. Hatched 42 36 1 43 (26) 41 (34)
No. Destroyed or

Abandoned 97 67 6 103 (61) 71 (59)
Cause of Destruction/Abandorment

Predator 25 27 0 25 (24) 29 (41)

Flooding 4 1 3 7 (7) 2 (3)

Human

Disturbance 4 1 0 4 (4) 1 (1)

Weather 5 1 0 5 (5) 1 (1)

Sandbar

Erosion 4 1 0 4 (4) 1 (1)

Uriknown

Agent 55 36 3 58 (586) 37 (52)
Fate Unknown 19 9 3 22 (13) 9 (7)
Total No.
Nests Found 158 112 10 168 (100) 121 (100)
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F.2 Invertebrate Prey

F.2.1  Anteau and Sherfy 2010

Findings:
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Fig. 1 Least-squares geometric mean (= 95% CL) counts per hour of
large invertebrates (=3 mm) captured on sticky traps during four time
intervals within three habitat types at reservoir (Lake Sakakawea) and
riverine (Gamrison Reach) study areas of the Missouri River in
summers 2006 and 2008. Significant differences among estimates
generally are indicated by a 95% CL not overlapping the point
estimate of another level
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1.44
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Fig. 2 Least-squares geometric mean (+95% CL) counts per hour of
large invertebrates (=3 mm) captured on sticky traps deployed for
three durations by three habitat types for reservoir (Lake Sakakawea)
and riverine (Garmrison Reach) study areas of the Missouri River
combined in summers 2006 and 2008. Significant differences among
estimates generally are indicated by a 95% CL not overlapping the
point estimate of another level
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F.2.2 Catlin et al. 2012

Findings:

Table 1. Mean (= 1 SE) piping plover foraging habitat® on natural and artificial sandbars of various ages on the Missouri River,
2005-2009.
Sandbar type Sandbar age (yrs) NP Mean foraging area (ha)
Natural ca. 8-12 47 3.89=0.77
Artificial 0 10 11.62+2.16

1 8 4.62=+1.85

2 5 481=+3.10

3 4 3.62=230

4 3 2.16=1.09

5 1 0.09

? Foraging area is open or sparsely vegetated wet sand: ° The sampling unit for this study was sandbar within year.

Table 2. Mean (= 1 SE) number of arthropods collected during the chick-rearing period (June—August) in piping plover foraging
habitats on natural sandbars and artificial sandbars of various ages on the Missouri River, 2005-2009. We present data separately
for arthropods collected on sticks and arthropods collected in core samples.

Natural Artificial (age in yrs)
Sample type ca. 8-12 yrs. 0 1 2 3 4 5
Sticky traps 5.75+0.65 2.93+0.58 3.13+£045 3.35+047 356069 383=+103 409145
Core samples 20.40£4.00 13.04=421 1186=2.84 10.79+255 9.81+3.08 893=384 8.12=457
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Table 4. Number (%)* of arrln‘ot)ods collected on sticky traps in piping plover foraging habitat (natural and artificial sandbars) on

the Missouri River, 2005— 2009°.

Natural Artificial (age in yrs)

ca 8-12 0 1 2 3 4 5
Araneae 158 (0.9) 11(0.4) 15(0.4) 11 (0.6) 14 (1.4) 11(1.2) 0 (0.0)
Coleoptera 207 (1.2) 47 (1.8) 51(1.4) 64 (3.5) 16 (1.6) 8(0.9) 3(3.1)
Diptera 10,272 (58.3)  2.353(89.8) 3.242(86.7) 1.340(73.9) 788 (79.7) 815 (89.9) 87 (89.7)
Hemiptera 603 (3.4) 72 (2.7) 59 (1.6) 65 (3.6) 20(2.0) 37 (4.1) 0(0.0)
Homoptera 589 (3.3) 44 (1.7) 52(1.4) 23(1.3) 28 (2.8) 2(0.2) 0(0.0)
Hymenoptera 273 (1.6) 30 (L.1) 29 (0.8) 19 (1.0) 12 (1.2) 5(0.6) 44.1)
Orthoptera 1.677 (9.5) 13 (0.5) 18 (0.5) 24 (1.3) 52(5.3) 6(0.7) 0(0.0)
Collembola 3.007 (17.1) 10 (0.4) 238 (6.4) 252(13.9) 44 (4.4) 5(0.6) 0(0.0)
Unknown 806 (4.6) 22(0.8) 32(0.9) 13 (0.7) 15(1.5) 18 (2.0) 2(2.1)
Other 16 (0.1) 18 (0.7) 4(0.1) 3(0.2) 0(0.0) 0(0.0) 1(1.0)
Total 17.608 2.620 3.740 1.814 989 907 97

?Percent of total individuals collected per sandbar type and age: ° Chi-square test of equal proportions: y”ss=2901.6. P < 0.001.
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Table 5. Number (%)* of arthropods collected in sediment cores in piping plover foraging habitat (natural and artificial) on the
Missouri River, 2005 — 2009°.

Natural Artificial (age in yrs)

ca 8-12 0 1 2 3 4 5
Annelids 6.001 (23.0) 1.008 (24.8) 692 (12.5) 445 (13.4) 102 (9.9) 107 (6.8) 13 (4.3)
Coleoptera 1.565 (6.0) 155(3.8) 474 (8.6) 264 (7.9) 111(10.8) 60 (3.8) 14 (3.8)
Diptera 14916 (57.2)  2369(58.2) 3993(72.0) 2181 (65.6) 686(66.9) 1.323(84.4) 235(78.3)
Eggs 902 (3.4) 180 (4.4) 118 (2.1) 68 (2.0) 41 (4.0 13(0.8) 0 (0.0)
Mollusca 259(1.0) 87 (2.1) 20(0.4) 3(0.0) 2(02) 8 (0.5) 1(0.3)
Copepods 90 (0.3) 46 (1.1) 68(1.2) 30 (0.9) 0(0.0) 9 (0.6) 13 (4.3)
Other 2.323(8.9) 224 (5.5) 177(3.2) 330 (9.9) 84 (8.2) 47 (3.0) 24 (8.0)
Total 26,057 4,068 5.542 3.321 1.026 1.567 300

Percent of total individuals collected per sandbar type and age: ° Chi-square test of equal proportions: 7°3s= 1790.8: P < 0.001.
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Figure 2. Predicted number of arthropods sampled on Missouri River sandbars times the average amount of foraging habitat
available on artificial and natural sandbars, 2005-2009. Error bars represent 1 SE, calculated using the Delta Method (Powell
2007).
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F.2.3 Catlin et al. 2013

Findings:
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Figure 4. Average predicted daily survival rates (solid line) and recapture rates (dotted line) for piping plover chicks (26 days post-hatch; » = 1,099) on the
Missouri River relative to river flow from the Gavins Point Dam, 2006-2009. Predictions are from the top-ranked (weight = (.884) model of survival and
recapture rate. We created 10,000 Monte Carlo estimates using the B estimates and variance—covariance matrices from Program MARK. The estimates are the
means of those 10,000 estimates and the error bars represent 1 SD.
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F2.4 Le Fer et al. 2008b

Sample Size:

Table 3. Invertebrate biomass (Mean mg dry weight per set), and number in saturated and moist habitats, along
protected and exposed shoreline at the three Missouri River reaches in North and South Dakota, during the chick-
rearing period, 2001-2003. Results of ANOVA on ranks comparing exposed and protected shoreline.

Biomzass MNumber

Eeach M Mean + SE = Mean Rank  F, P Mean + 5E Mean Rank F F
Epilimnetic
Protected 24 19.5 + 3.7 Z3.6 4.2 005 13.1+2.1 24.9 118 0.002
Exposed 12 11.2 3.7 15.8

6.1+ 1.7 12.8
Hypolimnetic
Prowected 16 43 +1 17.3 0035 087 6+ 0.8 17.0 0 1.0
Exposed 17 3707 16.7 6.1 £09 17.0
Reservoir
Protected 12 49+ 1 13.5 0.3 06 7.h+ 1.3 14.6 0 0.599
Exposed 14 8832 15.2 9.2+23 14.6
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Table 2. Invertebrate abundance and biomass (mean mg dry weight per set) = SE in habitats during chick-rearing
period in North Dakota and South Dakota, 2001-2003. Results of ANOVA on ranks followed by Fisher’s LSD for
significant effects (P < 0.05). Habitats with the same letters are not significantly different. N = Number of brood
Foraging sites.

Biomass® Numbers®
Habitat N Mean + SE F, P Mean + SE F, P
Hypolimnetic
Samrated 24 42+ 124 4.6 0.005 4.1+ 0.6 BC 5.3 0.0H0E
Moist 24 45104 76+ 1.1A
Diry 20 21078 3.1+06C
Vegetation 17 45=1.0A 6.5+ 1.0 AB
Epilimnetic
Samrated 28 248+ 3B A 1.4 < 0.001 149+35A 1.4 <0.001
Moist 28 7O9:168B 7.4+ 0.0AR
Diry G 06 +5.18 30+1.0C
Vegetation 24 65148 b2+ 0.7R
Reservoir
Samrated 21 109 +2.3A 148 < 0.001 I115+1.7A 211 < 0.001
Moist 20 29:+0.7B 5.1+0.7B
Diry G 1.7+05B 26+06C
Vegetation 21 272+0858 23+03C

"Two Way ANOVA on ranks: habiat: F, .., = 22.8, P < 0.001; reach: F,,,; = 3.1, P = 0.05; habitat x reach: F,,, =
7.5, P < 0.001.

"Two Way ANOVA on ranks: habitat: F, .= 23.1, P < 0.001; reach: Fypp = 121, P < 0.001; habitat x reach: F, g, =
5.1, P < 0.001.
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F.3 Nest Site Selection

F.3.1 Burger 1994

Finding:

TABLE 2. Comparison of foraging piping plovers on the three study sires (1988 and 1989) in New Jersey, Each sample was 2-min
observation of a Foraging Plover, Given are x = SD.

Briganiine Hulgate: Corsan's Inlec - Wilcoxon x° ()

Number of samples 501 821 574
Seconds spenu

Feeding 73.2 + YRA 106.1 + 21.7 H3.0 - 372 16849 (0.0001)

Alerr 24.4 ¢ 206 7.3 o AT 13.4 = 182 253.8 {0.0001)
Conspecilic aggression 2 k22 04+ 24 1.3 = 6.9 38.0 (0.0001)
People within 100 1w 1. = 24 0.1 L 05 28 + 21 A20L4 (0.0001)
Number of people

Fishing 005 + 0.6 0 0.01 = 0.3 151.5 ((LOOO1)

Sunbathing 026 £ 09 0 .33 + 2. 151.3 (0.0001)

Walking 202 £ 1.1 0 226 = 2.4 49,8 (0,0001})
Numnber of teeding birds 23 £ 28 09 L 25 34 4+ 8B5S ARY.2 (0.0001)
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F.3.2 Cohen et al. 2008

Finding:

TABLE I. Characteristics at Piping Plover nests and random sites, Westhampton [sland, New York, 2004
(n = 32, 1-m" nest and paired random plots within 50 m).

Yepetation Cuoarse graing
Cover (%) Cover (%) Flots near®
Plots in® Plists im? = 1 large
Flon type i SE Max =5% vover i iE hdian =3 cover object
Mest 7.6 1.7 457 041 9.1 26 55.6 0.4] 0.28
Random 4.4 1.9 48.6 0.19 5.5 2.2 47.2 0.22 0.16

A Mean of the index used in our nest site selection model (0 = < 3% cover. | = 5-~ 1K cover).
B Mean of the large ubjects (rock, shell, wood =64 mm in al least one dimension) index used in our nest site selection model (0 = no large objects, |
= = 1 large object). Where large objects were present. counts ranged from 1 1o 5.



F.3.3 Flemming et al. 1992

Finding:

Table 3. Variety of nest types ) )
Brunswick and Nova Scotia, 19?33?:: ggrpfggspl?;;rga in New

No. of neyts
Eastern N
Nest type Brunswick Nl;‘::t}sg_g“.. msuT:hs::iz
Pebble 12 g
Grass 4 1 »
Mixed 3 1 i
Sand 0 0 lg

F.3.4 Marcus et al. 2007
Finding:

Table 3. Substrate composition and vegetation cover at Least Tern (LT) or Piping Plover (PP) nests (representing
what the birds selected) and at random points within used plots (representing what was available to them in the area
around their nest) at gravel mines along the Platte and Elkhorn rivers, Nebraska, 2000 and 2001. A used plot is de-
fined as a plot with at least one nest initiated in it. Values with the same letter within a row are not significantly dif-
ferent (P = 0.05).

Attractant plots Conirol plots

Nests Random Nesis Random

Fine Sand LT 16.8 A 13.4 AB 16.1 A 85B
PP 18.7 A 17.2A 19.8 A 1258

Coarse Sand LT 56.5 A 535 A 64.9 A 854 B
PP 132 A 5T A 433 A 79.2B

Small Gravel LT 18.9 A 233A 9.0 AB 300
PP 28.4 A 20,4 A 29.6 A 17.6 A

Large Gravel LT T9A 10.0 A 9.5 A 308
PP 10.0 A 6.2A 11.6 A 1.6 A

Vegetation LT 22A AalA 1.5 A 20A
PP 4.6 A 1.7TA 3.2A 3.0A

F.52



F.3.5 Maslo et al. 2011
Finding:
Geomorphology Habitat

© - - - 04 T T T !
0 -

beach primary dune overaash/ mudflat/
blowout sandflat

mainland barrier inlet
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Figure 1. Number of nests found arranged by habitat characteristic. The total number of nests observed is N = 171. Open bars indicate nests located
near dunes. *Closed bars indicate nests located on primary dunes.

F.53



vSe'd

F.3.6

Finding:

Sidle and Kirsch 1993

Table 2. Numbers of adult Least Terns (LT) and Piping Plovers (PP), percentages of all individual birds using sand pits, and the number of
sandbar and sand pit nesting sites on the central and lower reaches of the Platte River, 1988-1991. Data were derived from Lingle (1993a), and
Nebraska Game and Parks Commission (1988, 1989, and unpublished data), and Sidle et al. 1991.

Central Plaue

Lower Platte

Number of birds % birds on pits No. nestng sites Number of birds % birds on pits No. nesting sites
Year LT FP LT PP Bar Pit LT PP LT PP Bar Fit
1988 124 96 61 62 6 16 497 161 26 19 24 11
1989 194 4 94 64 6 16 409 188 14 13 38 1]
1990 176 74 91 T8 3 17 361 1449 40 35 23 13
1991 158 58 87 76 3 14 205 73 30 37 35 11
Mean 163.0 80.5 53.2 70,0 15.8 390.5 142.8 27.5 26.0 30.0 11.2
SD 29.9 18.0 15.1 8.2 1.7 1.3 85.0 42.3 10,8 11.8 7.6 1.3




F.3.7  Catlin 2009

Finding:
Table 1: Use vs. availability of sandbar habitat for piping plover nesting on the Missouri River during the 2005 — 2007 field seasons

with respect to habitat modifications. Use was defined as the number of nests that were mtiated on each type of habitat within each

vear. Subscripts on the proportion of available habitat represent selection (+ selection for, - selection against, and = no selection).

GG

Natural Sandbars Modified Natural Sandbars Engimeered Sandbars
Year® n° Pu (95% CIF Pa,” n Pu; (95% CI) Pa n Py (95%CI) Pa
2005 87 0.431(0.348, 0.510 - 42 0.208 (0.140, 0.193 . 73 0.361 (0.280. 0.297 -
0.514) 0.276) 0.442)
2006% 48 0.232(0.162, 0.500 31 0.150 (0.091, 0.275. 128 0.618 (0.537. 0224.
0.302) 0.209) 0.699)
2007* 54 0.252(0.181, 0.384 18 0.084 (0.039, 0.161 . 142 0.664 (0.587. 0.455 .
0.323) 0.129) 0.741)

* Years that showed statistically significant overall selection for or against certain sandbar types from the ¥ goodness of fit test (P =

0.05) are marked with an asterisk (2003: 3.° = 2.15. P =0.341: 2006: x.° = 50.32. P = 0.001: 2007: ,* = 14.28_ P <0.001).
" Number of nests initiated on each habitat type within each year.

® Proportion of use (Pu) for each vear in each of the sandbar classes for each vear. as determined from aerial photography and land

cover classification.

4 Proportion of nesting habitat available (Pa) in each of the sandbar classes for each year. as determined from aerial photography and

land cover classification.



F.3.8 Cohen et al. 2009

Finding:

Nesting piping plover pairs
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Figure 9. Piping plover nesting-pair numbers and density at West Hampton
Dunes (WHD) and the reference area (REF), New York, USA, 1992-2004.
Numbers adjacent to the points are the values represented by the points.
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Figure 12. Piping plover first nest attempts at West Hampton Dunes, New York,

USA, 1993-2004. Numbers over the bars are the number of nests represented by
the bar.
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F.3.9 Espieetal. 1996

Finding:

Fig. 1. Proportions of gravel subsirate (mean + SE) found
on nest and non-nest beaches in 1992 and 1993. Nest beaches
had significantly more gravel substrate than non-nest beaches.
There is no significant difference in the amounts of gravel
between years and no significant year X beach interaction.
Numbers above the bars are sample sizes.
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F.3.10

Espie et al. 1998

Elevation:

F.3.11

Finding:
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Fig. 1. Frequency histogram of piping plover nest elevations (m above
sea level) at Lake Diefenbaker for 1992 and 1993 combined (n=67).

Felio et al. 2010

Table 1. Nest dizmribution acrozs sandbar nipes.

W05 W06 W07 008 2000
&,“gf;;"" n 57 na 16 64 89
Eﬁ‘,‘gf;;"d n 16 119 na 43 76
Eﬂ‘,‘i‘fg"‘j n o m 9 U5  ma 37
ng;;md n na na 11 05 ma
g}ﬁgmﬂ m na na na 10 32
E?ilf;;rﬂ m na na na na 4
Engineered Total n 73 128 142 212 138
5 36% 62%  66.3%  TI%  70.3%
Natural n 87 15 54 62 61
% 435%  23%  25%  21%  203%
NaturalModified n 42 31 18 20 1
% 205% @ 15% 8.5% 7% 03%
Total 202 207 214 04 300

F.59



F.3.12 Gaines and Ryan 1988

Finding:

Table 1. Mean beach width and substrate characteristi

gf-Lakes, North Dakota, 1984-85,

cs of piping plover nesting territories ang unocoupsed areas at Chain-

Tetritories Uniccupied areas
Habitat variables Year £ SE n* F: SE " P
Beach width {m) 1984 26.8 1.1 218 11.6 1.1 a1 <0.({HH]
1985 30.1 1.1 380 15.6 1.3 106 < {0.00H01L
Vegetation
% cover 1984 4.0 0.2 218 4.2 0.4 a0 08
1985 3.1 0.2 300 3.5 0.3 106 0.2
Spatial heterogeneityt 1984 120.3 3.2 188 949.7 6.8 41 0.007
1985 135.3 2.7 382 116.4 6.7 93 0.004
Gravel
Cover (no. /0.1 m?) 1984 48.1 2.0 220 30.1 3.2 92 =0.0001
1985 33.8 1.2 391 34.4 2.8 105 =0.0001
Spatial heterogeneity 1954 T3.4 3.8 204 876 5.1 37 0.094
1985 T0.9 22 387 56,4 6.5 50 0.007

# Mo, transects.

b2 OV of digtance (Roth 1976).

F.60



F.4 Nest Density

F.4.1 Anteau et al. 2014b

Findings:
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F.4.2

Findings:

Haffner et al. 2009

Table 1. Space use by breeding male and female
Great Lakes Piping Plovers cxpressed as minimum
cnnvex pelygon (95% MCP) and lincar beach dis-
tance (95% lincar) for the 2003-2004 brceding
scasons. Data are shown for the enrire breeding sea-
son and separately for incubauon and chick-rearing
F:.riods. and arc summarized separately for males and
emales when analysis suggested differences in range
use berween the sexes (see Table 2).

N  Mean SE Range

950 MCP (ba)

Season 35 29 05 04112
Male 17 3.5 0.7 0.6-10.,9
Female 18 2.3 06 0,4-11.2

Incubation 35 18 04 01-107

Chick rearing 35 20 03 0.1-6.0
Male 17 2.2 04 0.2-55
Female I8 1.4 03 0.1-46

95% Linecar (m)

Season a5 475 53  130-1435

Incubation 35 340 40 50-1210

Chick rearing 35 370 40  100-980
Male 17 431 66  130-980
Fernale 18 317 53 100-930

F.62
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Fig.2. Mean (% SE) home range sizes (A) and mean
linear dismances {B) for male and female Great Lakes
Piping Plovers in 2003 and 2004.
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F.4.3 Cohen et al. 2009

Findings:
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F.5 Habitat Quality and Quantity

F.5.1 Anteau et al. 2014a

Findings:
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Fig. 8. Annual summaries of piping plover habitat (ha x 1000) for Lake Sakakawea
1986-2009, including water-surface elevations (m MSL).

Adapted from U.S. Army Corps of Engineers (2010).
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Fig. 9. Relationship of the years since a 1-m-elevation contour was last inundated
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for Lake Sakakawea.
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Fig.11. Remotely-sensed and model-predicted (+95% CL) habitat for piping plovers
at Lake Sakakawea, 1986-20009.
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F.5.2 Anteau et al. 2014b
Findings:
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F.5.3 Goodale et al. 2007
Findings:
Canadian Journal of Remote Sensing / Journal canadien de télédétection

Table 1. Logical and hierarchical statements used in the logical filter for the intermediate and final classifications of
Johnston’s Pond.

Classification Logical statement
Beach substrate If mixed substrate overlaps sand and cobble, then classify as mixed
If sand overlaps cobble, then classify as sand
Intertidal flats If beach substrate overlaps mudflat, vegetated mudflat, or sandflat, then keep beach

substrate classification
If mudflat overlaps vegetated mudflat and sandflat, then classify as mudflat
If vegetated mudflat overlaps sandflat, then classify as mudflat
Merge mudflat and sandflat into one class (mudflat-sandflat)
Thirty metre (30 m) coastline buffer If vegetated mudflat (from intertidal flats output) is within 30 m of the coastline, then
classify as mudflat—sandflat

Intertidal-beach classification Merge 30 m coastline buffer output with intertidal flats output
Patchy vegetation If thick vegetation overlaps sand, mixed, or cobble, then classify as patchy vegetation
Final classification Merge trees—shrubs over patchy vegetation over thick vegetation over water over

intertidal-beach classification

Table 2. Logical statements used to classify critical piping plover nesting and feeding habitats.

Piping plover habitat classification Logical statement

Critical feeding If slope is less than or equal to 3.0° and beach habitat is classified as mudflat—sandflat
or sand, then classify as feeding habitat

Critical nesting If slope is less than or equal to 3.0° and beach habitat is classified as sand, mixed, or

patchy vegetation, then classify as nesting habitat
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F.5.4

Haig et al. 2011

Findings:

TaBLE 1. Issues addressed by avian conservation genetics.

Taxonomy

(Meta) populations

Landscapes

.

What are the evolutionary and
geographic boundaries of species,
subspecies, and management units?
What is the extent of introgression or
hybridization?

Which species are represented in
illegal wildlife trade?

What cryptic species have been
misclassified?

How is biodiversity changing in
response to climate change?

What is the identity of a hybrid,
cryptic specimen, or the remains

of an ancient or recent specimen?
What is the best avian tree of life for
prioritizing biodiversity conservation
by phylogenetic diversity?

-

What are levels of genetic diversity,
population structure, effective
population size, or gene flow and
how have they changed over time?

What is the best strategy for managing
small populations to maximize
conservation of genetic diversity
{pedigree analyses)?

What is the extent of population
connectivity or isolation?

Which populations would be the
best source for a translocation or
reintroduction?

How do individuals and populations
move throughout the annual cycle?
How are disease transmission
pathways linked to bird movements?

-

What are the effects of landscape features and
landscape heterogeneity on genetic diversity
and population structure?

How are phylogeographic patterns of birds
changing in response to climate change?

Which populations or life stages are most
affected by contaminant exposure; are certain
genotypes more vulnerable?

In mixed-stock populations, what proportion
of each stock is being harvested or affected by
environmental perturbations?

F.5.5

Le Fer et al. 2008a

Findings:
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Table 1. Mean invertebrate biomass (myg dry wt), invertebrate numbers, Coleoptera biomass (myg), Coleoptera numbers * standard error per ser of sticky
traps, and individual invertebrate biomass (mg) in saturated and moist habitats during the chick-rearing period. We collected invertebrates in North and
South Dakota, TSA, 2001-2003, on paint stirrers covered with Tanglefoot insect coating and placed for 30 minutes, If global model was significant, we show
main effects.

2001 2002 2003 20012003
Site n x SE n x SE n i SE n i SE

Invertebrate biomass

Allkali 7 35.9 AP 17.4 8 40 A 12.9 8 95 A 24 23 21 A 6.1

Hypolimnetic [ 53 B 1.4 10 45 B 1.4 8 298 03 24 41C 0.7

Epilimm:l:i.c g 249 Aa® 49 11 17.2 Aa 37 9 & Ab 12 28 154 A 23

Reservoir 7 15.7 Ba 5.4 10 4.8 Bb 1.3 4 4 ABb 13 M B3 B 22
Tnvertebrate no.?

Allkali 7 293 Aab 73 8 498 Aa 15.5 8 129h 37 23 0T A .6

Hypolimnetic [ 45C 0.8 10 549C 1 8 7 12 24 59C 0.6

Epilimnetic g 11.9 ABa 1.4 11 138 Ba 3.6 9 51hb 0.7 28 105 B 1.6

Reservoir 7 10.7 Ba 27 10 #.2 BCh 1.4 4 76hb 3 21 5.9 BC 1.2
C-oh:optn:ra biomass

Allal 7 048 02 8 01 B 0 8 0 0 23 028 0.1

H}'pnlimnctix: f 0.7 B 0.6 10 12B 1.1 8 02 01 24 08B 0.5

Epilimnetic 8 12.8 Aa 4.4 11 105 Aa 3.5 9 15hb 05 28 B3 A 21

Reservoir 7 2B 16 10 05 B 0.5 4 0.1 0 21 0.9 B 0.6
Coleoptera no.”

Alkal 7 02 BC 0.1 8 01 B 0.1 8 0.1 0.1 23 028 0

H:,-Polimm:tix: [ 01cC 0 10 01 B 0.1 8 0.1 0 24 018 0

Epilimm:ti.c 8 23 Aa 0.6 11 1.1 Aab 03 9 0.7 b 03 28 13 A 03

Reservoir 7 16 B 1.1 10 028 0.1 4 03 02 il 0.7 B 0.4
Tndividual invertebrate biomass®

Allkali 7 1.1a 03 B 0.5 Bb 0.1 B 1 ABab 03 i) 0.9 B 02

H}-Polimm:tix: [ 13 03 10 1B 0.4 8 05 C 0.1 24 09 B 02

Epilimm:ti.c 8 2a 02 11 1.6 Aab 0.4 9 1.2 Ab 02 28 16 A 02

Reservoir 7 15a 02 10 0.6 Bb 0.1 4 0.7 BCh 03 eyl 09 B 0.1

* Invertebrate biomass = sum of individual invertebrate biomass trapped/30 min. Analysis of variance (ANOVA) on ranks: site: Fy 00 =199, P <2 0.001; yr:
Fhge =152, P < 0.001; site X yr: Fros =14, P=021.

b Site means with the same letter within columns are not significantly different (2= 0.05).

“ Site means with the same letter within rows are not significantly different (2= 0.05).

4 ANOVA on ranles: site: Fags =131, P 0.000; yr: Fhgs =29, P= 0.06; site X yr: Feos= 2.7, P=0.02

= ANOVA on ranks: site: F3 g0 = 17.5, P < 0.001; yr: Fo g5 = 3.3, P = 0.0d; site % yr Fy g5 = 0.66, P=07.

T ANOVA on ranks: site: Fayge =203, P < 0.001; yr: Fas=21, P= 13; site X y1: Fyes= 1.1, P=036.

£ Individual invertebrate biomass = sum of individual invertebrate biomass/ne. individuals. ANOVA on ranks: site: £ 95 = 13.9, P <2 0.001; y1: Fhg5 =
14.5, P - 0.001; smite = yr: Fges = 16, P=0.15.
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Table 2. Mean foraging rates ( pecks/min), proportion of time foraging, and estimated biomass consumed (mg/min) * standard error for piping plover chicks
aged day 3-10 and day 11 to fedging, in North and South Dakota, USA, 2001-2003. Results of analysis of variance (ANOVA) on ranks comparing sites.

Day 3-10 Day 11-fledge
Site n x SE n EY SE

Foraging rate®

Alkali 21 58 B° 0.4 15 658 L5

Hypolimnetic 16 108 A 149 11 142 A L3

Epilimnetic 21 67 B 0.7 14 92 B 0.7

Reservorr 13 728 13 4 g4 B 3.4
Proportion of time forygng”

Alkali 21 043 B 0.06 19 0518 0.0

Hypolimnetic 16 069 A 007 12 082 A 0.05

Epilimnetic 21 078 A 0.06 14 083 A 0.04

Reservorr 13 064 A .08 5 0538 0.18
Biomass consumption index®

Alkali 21 5C 1 15 568 1.2

Hypolimnetic 16 97 AR 21 11 127 A 2.6

Epilimnetic 21 106 A 12 14 151 A L7

Reservoir 13 62 BC 0.4 4 96 B L&

T ANOVA on ranks: day 3-10: £ 53, =33, P=0.02; day 11 to fledge: F343= 5.1, P=0.004.

" Site means with the same letter within columns are not significantly different (x = 0.05).

© ANOVA on ranks: day 3-10: Fy 2 =54, P= 0.002; day 11 to fledpe: F 4o =4.7, P=0.007.

4 Biomass consumption index = average invertebrate individual biomass % foraging rate; ANOVA on ranks: day 3-10: F; 55= 3.9, P=0.001; day 11 to
fledge: Fy 43 =59, P= 0.001.
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Table 3. Slopes of regressions of natural log of mass of piping plover chicks on age in days at 4 sites in North and South Dakota, USA, in 2001-2003. Mass
wis the mean mass of suniving dhicks in each brood for each chick age.

2001-2003* 2001* 2002° 2003*

Site Slope SE Slope SE Slope SE Slope SE
Alleali 0.081 A* 0.002 0.086 AB 0.004 0.079 AB 0.002 0.083 A 0.002
Hypolimnetic 0.076 B 0.001 0078 B 0.003 0.076 B 0.002 0.077 B 0.002
Epilimnetic 0.077 B 0.001 0.092 A 0.003 0.081 A 0.002 0.067 C 0.002
Reservoir 0.078 AB 0.002 0.08 B 0.005 0.078 AB 0.002 0.075 B 0.003

. .Ir"‘_;l_l;“] = 1641, P 0.001.

® By =481, P < 0,001

 Fyay = 738, P < 0.001.

1 Fii0 =747, P < 0.001.

=Bites with the same letter within yr (columns) are not sgnificantly different (2= 0.05).



F.5.6 Maslo et al. 2012

Findings:

Table 1. Piping plover productivity for the Lower Cape May Meadows

(restoration site), Barnegat Light, North Brigantine Natural Area, and
Avalon (reference sites), New Jersey, 2007-2009.

Site

Chicks ﬂl:i.lgl:tl per nesting pair

Lower Cape May Meadows (restored site)

2007
2008
2009
Average

Barnegat Light

2007
2008
2009
Average

North Brigantine Natural Area®

2007
2008
Average
Avalon
2007
2008
2009
Average

0.60
0.25
0.50
0.45

* All nests at North Brigantine Natural Area failed due to looding in 2009,
therefore, productivity could not be calculated. In this case, we provided
average reproductive success for 2007-2008 (data provided by the New
Jersey Division of Fish and Wildlife—Endangered and Nongame Species

Program).
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F5.7 Melvin et al. 1991

Findings:
Table 2
Number of Breeding Pairs of Piping Plovers in Atlantic Coast States by Ownership Categories, 1989
Owmnership® ME MA RI CT NY NJ DE MD VA NC Total (%)

Federal

Fish and Wildlife Service [} 4 1 25 46 1 g3 {11}

National Park Service 15 22 15 20 45 117 (16)

Department of Defense’ 6 1 7 1)

NASA 5 i 5 (N
State

Parks or Conservation

Department® 4 7 5 32 17 3 68 (%)

Other? 1 1 (1)
County 26 26 4)
Municipal 48 s 25 54 37 4 173 (24)
Private

Conservation Organization 24 3 4 2 60 a3 (13)

Individual 12 37 10 1 50 9 5 5 129 (18)
Unknown 2 17 19 (3)
Total 16 137 19 34 191 128 3 20 121 52 721 (100)

*Data not available from South Carolina.

*Includes U.S. Coast Guard and Army Corps of Engineers.

“Includes departments of parks, conservation, and environmental management.
“Coastal lands claimed by state,



F.5.8

Findings:

Sidle et al. 1992

Table 1. The number of monitored Least Tern (LT) and Piping Plover (PP) nests inundated along the Platte
River between the Loup River confluence and the Missouri River, 1986-90.

MNo. No. Maximum
Nests Before No. % No. Renests Total & Daily Flow {cms)
Y¥r First Flood  Flooded Flooded Renests! Flooded Flooded NB/LV®
LT/FP LT/FF LT/FPP LT/PP LT/PP LT/PP

19862 136/28 18/6 13/21 0/0 (Wi 15/21  421.7/793.0
1987+ 6917 50 T (/0 00 T 302 8/484.5
19885 7782 an 4/3 0/ 000 418 1432162 6
1989s 61/13 217 34/54 24/5 W] 2H/59  531.1/320.0
1990" 0428 04/28 1007 100 93/1% 4/6 52/85  911.8/1713.3

'Least terns and piping plovers renested after losing eggs or chicks from other causes in 1986 and 1988 but

initiated no new nesis on the river after flooding.

*Flows measured at U.S. Geological Survey gauging stations at North Bend and Louisville, Nebraska.

*Flooding occurred in late June after most nests had hatched.

‘Flooding occurred in late May-early June before birds had initiated many nests.
*The first flood inundated sandbars along the entire river and occurred during peak nesting. The second
flood inundated sandbars below Salt Creek (U.S. Army Corps of Engineers river mile 26) and occurred in
late July after most tern but no plover renests had hatched. The second flood killed all chicks on sandbars
below river mile 26.
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F.5.9 Burger 1994

Findings:

TABLE 3. Habitat comparisons (ocean, dunes. bay) of feeding
piping plover and presence of people at three study sites in New
Jersey.

Brigantine Hulgate Corson’s lulet

Seconds { =SD) devoled to teeding

Ocean 76 + 28 106 + 22 B7 + 36
[une a0 = 20 107 + 22 87 = 41
Bay 70 + 24 109 + 16 75 + 40
Wilcoxon x* (p) 48.3 (0.0001) NS 6.23 (0.01)
People within 100 m (mcan 1 SD)
Qcean 208 £ 0.3 0.04 = 0.6 2.7 1+ 2.1
Nunes 33 + 33 0.02 = 0.3 0.08 + 0.4
B:ly 1.2 + 1.2 0.10 = 0.5 303 = 2.0

Wilcoxon ¥ {(p} 19.9 (0.0001) 30.5 (0.0001) 1L.8 (0.0006)

F.5.10 Goldin and Regosin 1998

Findings:
5
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FiIGURE 1. Fledging success for Piping Plover broods with and without access to mudflat
habitat at Goosewing Beach, Rhode Island. Brood of five chicks resulted from an inter-
pair adoption (see Methods).
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Ficure 2. Survivorship curves of prefledging Piping Plover chicks with access to mudflat
and ocean beach habitat at Goosewing Beach, Rhode Island. Error bars (d) are shown

only for mortality events that could not be dated o within two consecutive calendar
days,

F.5.11 Knetter et al. 2002
Findings:

Table 2. Mean beach characteristics of piping plover nesting territories for the Lostwood and
Stateline regions in northwest North Dakota and northeast Mentana during 1999.

Lostwood (n? = 45) Stateline (n? = 38)

Habitat variables Mean SE Mean SE ¢ P

% cover vegetation 26.6 2.3 19.5 2.0 -2.22  0.03

Spatial heterogeneity vegetationb 1086 11.0 121.4 144 0.72  0.47

Gravel cover (no./0.1 m2) 13.8 1.1 8.6 0.8 -3.51  0.001

Spatial heterogeneity gravel® 99.7 7.0 788 65  -2.15  0.03

Spatial heterogeneity cobble® 97.7 6.7 590 8.6  -3.57 <0.001
2 No. nests.

b cVv of distance (Roth 1976).
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Table 4. Mean beach characleristics of successful and unsuccessiul piping plover pairs for
both regions in northwest North Dakota and northeast Montana during 1999,

Successful (n?=46) Unsuccessful (n?=37)

Habitat variables Mean SE Mean SE t P

% cover vegetation 2398 233 22.67 230 040  0.69

Spatial heterogeneity vegetation®  116.49  11.61  111.62 1372 -0.27  0.79

Gravel cover (no./0.1 m2) 10.65 0.94 12.55 1.34 1.20  0.23

Spatial heterogeneity gravelb 89.22 6.14 91.38 8.17 0.22 0.83

Spatial heterogeneity cobble 8414  7.66 76.28 8.85 -0.67 0.50
4 No. nests.

b Cv of distance (Roth 1976).
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F.5.12 Roche et al. 2012

Findings:

0.16 -
0.14

0.12 -

0.10
0.08 -
0.06 -
0.04 -

Movement probability (y)

0.02

0.00

@ Male: flood

@ Male: no flood
OFemale: flood

¢ Female: no flood

o
0
¢$¢¢ &"’ ‘#L 46 ¢

BQLto LD BQLtoMC LDtoBQL LD toMC MC to BQL MCto LD

Fic. 3. Probability of interannual breeding-season movement (y) following flood and nonflood years among three Piping Plover breeding areas in Sas-
katchewan (BQL = Big Quill Lake, LD = Lake Diefenbaker, and MC = Missouri Coteau) (2002-2009). See Table 1 for movement-specific sample sizes.
Diamonds represent movement following nonflood years; circles represent movement following flood years. Movement probabilities for male Piping
Plovers are represented by dark gray markers and those of females by light gray. Vertical lines represent 85% confidence intervals. Estimates were gener-
ated from the top-supported model solved at the annual mean covariate value for “fledge,” using a sample of 782 marked after-hatch-year Piping Plovers
[Sig*t), pig*t + sex),wig. + sex + flood + fledge)].



F.5.13 Sherfy et al. 2009a

Findings:
100
B Nest Site
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Figure 2. Distribution of least tern and piping plover nests among land cover classes and
the percentage of the land cover class for the Gavins Point Reach in 2005, 2006 and

2007.
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F.5.14 Espie et al. 1998
Findings:

0.8
0.7 1992
[ ]
0.6
0.5
0.4

1996

0.2 .
1993
.

Proportion of hatchlings that fledge

0.1

1985 1991
0.0 . .

0 20 40 60 80
Habitat availability (%)

Fig. 2. Scatter diagram of proportion of piping plover hatchlings that

fledged and availability of chick-rearing habitat at Lake Diefenbaker
on the mean fledge date (7 July). t=0.643, p=0.07, n=6.
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Table 2
Observed and predicted fledging success at Lake Diefenbaker from
1988-1997

Year Observed Model 1 Model 11 Model 111
reproduction predicted predicted predicted
1988 0.7 1.7 1.4 1.7
1989 0.6 1.7 0 0.4
1990¢ 0.0 0.2 0 0.1
19914 0.0 1.6 0.2 0.4
1992 2.0 1.7 1.3 1.7
1993 0.1 0.6 0 0.1
1994¢ 0.7 1.5 0.5 0.8
1995¢ 0.0 1.3 0 0.3
19962 0.6 1.1 0.3 0.6
1997f 0.3 0.9 0.1 0.2
Mean 0.49 1.23 0.38 0.63

In 1988-1991 and 1994 observed fledging rates are based on brood
surveys (chicks of all ages included) and thus likely represent a max-
imum fledging rate for these years.

* Harris, 1988.

® Harris and Lamont, 1989,

¢ Harris and Lamont, 1990.

4 Harris and Lamont, 1991.

¢ D. Duncan, Saskatchewan Wetland Conservation Corporation,
unpublished data.

! P. Goossen, Canada Wildlife Service, unpublished data.
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F.6 Predation

F6.1 Catlin et al. 2011a

Findings:
0; 1A B Owl not removed 2008 0; 1B ® Owl not removed 2009
8% 0 Average 2008 i O Average 2009
o :
§07 1 E 0.7 -
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Figure2. Probability of survival to fledging (approx. 25 days) of piping ploverchicks on the Missouri River with average owl removal and without owlremovalin
(A) 2008 and (B) 2009. We calculated these values for the mean hatch date for a given year. Error bars represent 1 standard error.



F.6.2 Larson et al. 2003

Findings:

Table 1. Financial costs (US$) and reproductive benefits of applying predator-exclusion man-
agement on piping plover nesting beaches in the northern Great Plains of North America,

Initial cost to protect 4 breeding pairs? Fledglings
Management Transpor- AAEV per pair
technique Materials tation  Labor® Sum per paird Mean SE
No protection 0 0.00 0.89 0.0
Nest cages 80 133 540 753 180.05 1.28  0.07
Temporary fencing 885 106 592 1,583 22413 1.02¢
Permanent fencing 1,060 106 1,004 2,170 221.43 115 032
Nest cages and
temporary fencing 965 106 608 1,679 230,94 1.76 021
Nest cages and
permanent fencing 1,140 106 1,0200 2,266 228.24 2.25  0.37

4 The average fence protected approximately 4 breeding pairs. Financial cost data were col-
lected in North Dakota and Montana during the 19961998 breeding seasons.

b Fledging rates were published previousty by Larson et al. (2002) and represent data from
throughout the northern Great Plains during various intervals from 1986 to 1999.

€ Included 13.1 hr/pair for transportation and monitoring. We assumed that removal of
cages and temporary fencing required half as long as deployment,

d AAEV = average annual equivalent value (Farmer et al. 1988:15) using a 5% annual dis-

count rate. It included the costs of application, maintenance, and replacement of materials
over 50 years.

€ This fledging rate does not represent field data; it was calculated using equation 1.
I Time required to erect a permanent fence was estimated by Mayer and Ryan (1991).
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F.6.3

Findings:

Murphy et al. 2003b

Table 2. Number of applications of predator exclosure
cages at which adult Piping Plovers were killed (N) and
total number of applications (N_,) for two sizes of cages
used to protect plover nests at alkali lakes in the north-
ern Great Plains during 1993-2002.

Small cages® Large cages™
Year I\;cl Nlcn Nd l\‘I-\ll
1993 0 8
1904 0 9
1995 0 41 1 20
1996 10 89
1997 B! 111
1998 9 122 0 110
1999 27 198 11 121
2000 0 44 4 116
2001 0 75 1 122
2002 0 T3 1 96
Toral 50 770 18 585
%o 6.5 3.1

*1-1.7m diameter.
"3-4m diameter.
‘Changed from wire mesh top to netting top in 2000.

4 i .
g g 20
2w
=
23
w g 15
8
2 Fy
238 10
&=
o
o8 5
g 3 :
O n .
58 |
& —g_ Naone x Low x Lowx Moderate Moderate
small large small  x large  xsmall

(393) (534) (272) 151) (105)

Relative woodland cover in landscape x
cage size

(N)

Figure 2. Frequency of predation on adult Piping Plo-
vers at predator exclosure cages as a function of sur-
rounding woodland cover (none: <1% of landscape
wooded within 2 km: low: 4%; moderate: 15%) and cage
size (small: 1- to 1.7-m diameter: large: 3- to 4-m diame-
ter), at five alkali lake areas in the northern Great Plains
during 1993-2002. Numbers of applications are indicat-
ed parenthetically.
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F.6.4 Smith et al. 2011

Findings:
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Fig. 1. Pooled effect sizes and 95% confidence intervals for studies of the
effectiveness of predator exclosures (fences or nest-cages) for increasing hatching
success, where Hedge's d and response ratios (RR) were used as the effect size
estimators. Sample sizes (n) are also shown.
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F.6.5 Doherty and Heath 2011

Findings:

Table 2. Fates of exclosed and unexclosed piping plover nests on Suffolk County Park beaches, New York, in 2006 and 2007. Predator exclosure use increased
piping plover hatching success.

Fate category

Hatching Successtul Mixed-fate Abandoned Depredated Flooded
Management SUCCESS n Y% n Y% n Y% n % n Y%
Exclosed 0.68 20 49 11 27 7 17 1 2 2 5
Not exclosed 0.56 26 39 10 15 10 15 14 21 3 5
Total 0.60 46 46 21 17 17 16 15 14 5 5




F.6.6 Larson et al. 2002

Findings:

Table 5. Current and proposed numbers of piping plovers in the Great Plains population receiving predator-exclusion manage-
ment on alkaline wetland sites and their effect on the mean reproductive success rate for all plovers at alkaline wetland sites.

Current management

Proposed management

Management Fledging Propor- Propor-
technique? rate, F° Pairs tion, P FP, Pairsd tion, P° FP,
None 0.89 902 0.824 0.73 735 0.671 0.60
C 1.28 125¢ 0.114 0.15 234 0.214 0.27
CT 1.78 478 0.043 0.08 105 0.096 017
CP 2.25 12¢ 0.011 0.02 21 0.019 0.04
P 1.15 g 0.008 0.01 0 0.000 0.00
Sum 0.99 1.08

2 None = no protection, C = nest cages, CT = cages and temporary electric fencing, CP = cages and permanent electric fenc-

ing, and P = permanent electric fencing.

b Fledglings produced per breeding pair per year.

¢ Proportion of all pairs at alkaline wetland sites in the Great Plains (7= 1,095).

9 Number of pairs based on an effort to protect 360 pairs at alkaline wetlands in North Dakota and Montana assuming no new
permanent fences, 35% of pairs would receive fencing, and all protected nests would be caged.

€ Mean number of protected pairs at the Williams Preserve, State Line, and Mountrail sites in 1986—1999.

F.87



F.6.7 Maslo and Lockwood 2009

Findings:
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Fig. 3. Effect of human disturbance on hatching success of electrified exclosures at
mammalian predator pressure levels of 0 and 3. Predator pressure levels of 1 and 2
show the same trend and have been excluded to increase clarity of the figure. UCL
represents the upper 95% confidence level for mammalian predator pressure level
of 0. LCL represents the lower 95% confidence level for mammalian predator
pressure level of 3.

F.6.8 Maxson and Haws 2000
Findings:

Some management activities at PCI (e.g.,
predator trapping, predator exclosures)
have been effective in increasing hatching
success of Piping Plover nests. Use of gull de-
terrents has caused nesting Ring-billed Gulls
to abandon their colony sites making those
areas available to Piping Plovers. Neverthe-
less, low fledging rates continue to be a seri-
ous problem for Piping Plovers at LOTW.
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F.6.9 Patterson et al. 1991

Findings:

Table 2. Probable causes of piping plover nest loss, Assateague Island, 1986-87.

Cause of loss (n)

Ares Nest losses (n) Predator DfYs Unknown

Maryland

Northern 11 km 25 17 ¢] Iy

ORY section i 0 0 i
Virginia

Wild Beach 15 14 0 4

Wash Flats 2 0 4] 1

Tom's Cove Hook 21 11 1 B
Island

Total losses 67 42 1 21

» Off-road vehjplyt

b Onher causes of nest losg were high tides (r = 1}, wild pony {Equus malnlfu) (n = 1), and destruction of own eggs (n = 1)
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F.6.10 Espie et al. 1996

Findings:

Table 1. Description of habitat variables used in analysis of
Piping Plover nest-site selection,

Variable Description

Mear water  Distance in metrcs from the nest or random site
to the nearest waler source

Main water Distance in metres from the nest or random site
to Lake Diefenbaker

Elevation Elevation of the nest or random site

Vegetation Distance in metres from the nest or random site
to the vegetation line

Pebbles MNumber of pebbles per square metre at the nest
or random site

Stones Number of stones per square metre at the nest or
random site

Rocks Number of rocks per square metre at the nest or
random site

% veg Percent vegetative cover at the nest or random site

Sticks Number of sticks > 10 ¢m long within 1 m of the

nest or random site

Table 5. Sample means and standard deviations of habitat variables for successful, flooded, and
depredated nests,

F (ANOVA)

Variable Successful nests Flooded nests Depredated nests 1 2
MNear water 68.23 440,10 (30) 43,92+26.45 (24) 53.004+20.53 (13)  6.06* 0.53
Main water 131.70493.64 (30) 69.29+51.44 (24 B1.62+69.13 (13) B.66%* 330
Yegetation 120,83 +142.12 (30) Q2,87 +£82.32 (24) 23 834+15.28 (1B 0,06 5.05%
Pebbles 1025.67+354 .38 (21) 1051.92+390.11 (20) 046,89 +£21.74 (1D 2.53% 0.25
Stones 37.05+26.27 (21) 47.03+18.89 (20) 31.83421.74 (11)  1.94 0.32

Note: Nombers in parentheses are sample sizes.
1, successful vs. flooded nests; 2, successful vs. depredated nests; *, p < 0.05, **, p < 0.01; others p > 0.05,
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F.6.11 Catlin 2009
Findings:

Table 2: Raw nest success (% total) for piping plover nests on the Missouri River during the 2005 — 2007 nesting seasons. Known
successful nests had one or more chicks associated with the nest or the parents of the nest. Possibly successful nests did not have
chicks associated with the nest or adults but eggs disappeared within 2 days of the projected hatch date. Failed nests did not have

chicks associated with the nest or adults and disappeared outside the window of reasonable hatch dates (excluding abandoned nests).

Total Known Possibly Failed Failed Failed Failed Failed

Nests  Successful Suecessful Predation Abandoned  Flooding Other* Unknown
2005 183 97(53.0%) 12(6.6%) 18 (9.8%) 7 (3.8%) 1(0.5%) 5(27%) 43 (23.5%)
2006 205  105(512%)  6(2.9%) 17 (83%)  21(102%) 10(4.9%)  4(2.0%) 42 (20.5%)

Year

2007° 211 107(50.7%) 18(85%) 48 (22.7%) 15(71%)  9(43%)  2(09%)  12(5.7%)

Total 599 300 (51.6%) 36(6.0%)  83(13.9%)  43(72%) 20(3.3%)  11(1.8%) 97 (16.2%)

?Includes bank erosion. weather events, and nests stepped on by researchers.
® Change in protocols led to more failures classified as predation. If eggs were missing before the hatch date and none of the other
causes of failure were implicated, predation was thought the likely cause. The other frequent causes of nest loss, abandonment and

flooding were obvious to observers. Many of the unknown nest losses from 2005 and 2006 were probably as a result of predation.
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F.7 Stage Survival

F7.1 Cohen et al. 2006

Adult Survival — Study Design — Sample Size:

Table 1. Number of adult Piping Plovers captured and number of resightings at West Hampton Dunes and
Westhampton Beach, Long Island, NY, from 2001 to 2005.

New New Breeders Nonbreeders Nonbreeders Total
Year captures’ recruits’ resighted® resighted’ missed® population’
2001 36 0 0 0 0 36
2002 14 0 26 1 0 41
2003 16 3 21 10 0 50
2004 0 1 24 6 2 33
2005 0 1 6 6 — 13

‘“Number of birds trapped on the nest and marked in year 7.

"Number of birds marked as chicks prior to year 7 that nested at our site for the first time in year i.

‘Number of marked birds breeding at our site in year i that were marked prior to year 7 and nested at our
site in year 7 — 1.

“Number of marked birds resighted in year 7 that did not breed at our site in year 7, were marked prior to
year 7, and bred at the site in at least one year prior to year 7.

‘Number of marked birds not resighted in year { but resightf:d in at least 1 year after year 7 that were
marked prior to year £, and bred at the site in at least 1 year prior to year .

“Total number of marked birds known to be in the population in year 7.
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Table 3. Model-averaged estimates and unconditional confidence intervals on apparent survival rate (§),
resighting rate (R), and apparent site fidelity (F) of adult Piping Plovers, West Hampton Dunes and
Westhampton Beach, Long Island, NY 2001-2005 (V = 71 adults).

Survival Resighting rate Site fidelity

R™ Year” S SE 95% CI R SE 95% CI F SE 95% CI

0.025° 2002 0.714 0.091 0.551-0.856 0.984 0.022 0.807-0.999 00945 0.082 0.443-0.997
2003 0.751 0.095 0.527-0.891 0.984 0.022 0.807-0.999 0.707 0.117 0.443-0.880
2004 0.643 0.087 0.462-0.791 0.948 0.051 0.660-0.994 0.830 0.084 0.601-0.940
Mean 0.703 0.032 0.637-0.762 0.972 0.012 0.936-0.988 0.827 0.069 0.650-0.925

0.000* 2002 0.731 0.092 0.521-0.871 0.984 0.022 0.797-0.999 0.904 0.094 0.532-0.987
2003 0.753 0.091 0.539-0.888 0.984 0.022 0.797-0.999 0.702 0.116 0.443-0.874
2004 0.651 0.087 0.468-0.798 0.946 0.060 0.635-0.994 0.812 0.084 0.595-0.927
Mean 0.712 0.031 0.648-0.769 0.971 0.013 0.931-0.988 0.806 0.058 0.668-0.896

0.046° 2002 0.721 0.119 0.447-0.892 0.984 0.022 0.813-0.999 0.947 0.078 0.464-0.997
2003 0.738 0.098 0.512-0.884 0.984 0.021 0.813-0.999 0.721 0.119 0.447-0.892
2004 0.638 0.087 0.457-0.787 0.950 0.053 0.677-0.994 0.844 0.084 0.607-0.950
Mean 0.699 0.031 0.635-0.756 0.973 0.011 0.941-0.988 0.837 0.065 0.669-0.929

‘R’ = The probability that a bird sighted between 15 March and 15 April died later in that interval
without being reported dead. Because we fixed » (the probability of a bird being found dead and reported)
at 0.0, R’ equals the mortality rate of resighted birds in the territory establishment period (15 March to 15
April).

*Year of resighting.

“Assumes an annual survival rate of 0.74 (USFWS 1996) and constant monthly survival rates.

Assumes no mortality of resighted birds in the territory establishment period.

*Assumes an annual survival rate of 0.74 and that mortality during the territory establishment period is
twice as high as in other months.
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F.7.2 Cohen and Gratto-Trevor 2011

First Winter Survival — Adult Survival:

Table 2. Mean Saskatchewan Piping Plover true survival (S), breeding/natal site fidelity (F), breeding site

recapture probability (p), Wll‘ll’f:l'll'lg gmunds rf:ﬂghtmg probability (R = birds that survived to breed, R =
birds that did not), and re-immigration rate of emigrants (F7), 2002-2009.

Parameter Age’ Estimate SE 95% LCL 95% UCL
Ay Adult 0.80 0.03 0.74 0.84
Subadult 0.57 0.05 0.47 0.67
F Adult 0.86 0.04 0.76 0.92
Subadule 0.46 0.11 0.27 0.66
P Adult 0.90 0.03 0.83 0.94
Subadule 0.84 0.16 0.34 0.98
R Adult 0.24 0.03 0.18 0.30
Subadult 0.20 0.04 0.13 0.30
r Adult 0.09 0.01 0.07 0.11
Subadule 0.07 0.03 0.02 0.17
F Adult 0.15 0.02 0.12 0.20
Subadult 0.19 0.10 0.07 0.45

*Adult = AHY, Subadult = fledge to second year.

1.00 -
095 - A
090 -
0.85 -
080 -
075 -
070 -
0.65 -
0.60 -
055 - X
050 . : : : : : .
2001 2002 2003 2004 2005 2006 2007 2008

Year

O >

Survival (S)
B>

—+— Model-averagedestimate x BQL 0O LD/LC A Coteau

Fig. 2.  Model-averaged estimates (with SE bars) and global model estimates (dots) of annual adult survival
of Piping Plovers in Saskatchewan, 2002—2007. The global model, S(‘g‘r}, was not well supportcd based
on information-theoretic criteria, probably because sample sizes were not adequate to estimate survival for
each site x year combination precisely. However, we provide the estimates for reference. LD/LC = Lake

Diefenbaker/Lake Chaplin and BQL = Big Quill Lake.
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Sample Size:

Table 1. Number of Piping Plovers captured in
Saskatchewan and number resighted in Saskatchewan

and on the wintering grounds, 2002—-2009.

New Study area  Winter

Age Year captures resightings resightings

Adult 2002 221 0 31
2003 172 140 65
2004 145 245 74
2005 122 297 117
2006 122 246 140
2007 0 161 76
2008 0 114 104
2009 0 66 27

Subadult 2002 21 0 2
2003 45 3 14
2004 35 18 9
2005 53 14 23
2006 28 22 23
2007 0 12 15
2008 0 8 17
2009 0 6 9
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F.7.3 Larson et al. 2000

Adult Survival:

TABLE 2. Apparent local survival (¢) and resighting (p) probabilities for adult Piping Plo-
vers at the Williams Preserve, North Dakota, 1984-1994, excluding 1991.

Years b SE(d) 959% C.Ib b SE(p) 95% C.Lb
1084 1.000 0.354¢ 0.540-1.000°

1085 0.868 0.142 0.369-0.987 0.125 0.139 0.012-0.633
1986 0.585 0.077 0.431-0.724 0.372 0.097 0.208-0.571
1087 0.506 0.079 0.355-0.656 0.664 0.084 0.485-0.805
1088 0.690 0.128 0.407-0.878 0.667 0.093 0.467-0.820
1989 1.000 0.408¢ 0.341-1.000¢  0.495 0.109 0.294-0.607
1990 0.048¢ 0.240 0.001-1.000 0.315 0.092 0.166-0.514
1992 0.300 0.233 0.051-0.775 0.375 0.204 0.099-0.767
1993 0.500 0.297 0.089-0.911
Mean 0.737 0.099° 0.526-0.877 0.439 0.064°  0.319-0.566

* For values of ¢, year corresponds to the time interval year to year + 1.

b Confidence intervals were calculated using a logit transformation (Lebreton et al. 1992).

¢ Using the sine link function in MARK resulted in SE(¢) = 0 for 1984-1985 and 1989-
1990 (see Methods). Using the identity link function with the same model resulted in more
realistic estimates of SE(d) (reported in table) but biologically impossible estimates of &
(1.234 for 1984—1985 and 1.317 for 1989-1990).

4 Confidence intervals for & in 1984-1985 and 1989-1990 were taken from the model run
using the identity link function (see footnote ¢ and Methods) and were truncated at a max-
imum of 1. The statistical but biologically impossible upper C.I. limits were 1.927 and 2.292
for 1984-1985 and 1989-1990, respectively.

¢ This value of ¢ is for a 2-yr interval because there was no resighting effort in 1991.

fThe SE of the mean ¢ and p represent total variability. The variance in ¢ and p over time
(7% i.e., with the sampling variance and covariance removed) derived from variance com-
ponents models (see Methods) was 0.0445 and 0.0399 for ¢ when using the sine and identity
link functions, respectively, and 0.020 for p.

F.96



Sample Size:

TaBLE 1. Number of Piping Plovers captured and number of band resightings at the Wil-
liams Preserve, North Dakota, 1984-1994.

Adults Juveniles
Year New captures Resightings New captures Resightings
1984 8
1985 h4 1 11
1986 111 20 34 1
1987 31 64 65 7
1988 43 11
1989 22 6
1990 14 3
1991 0a 0a
1992 15 3
1993 6 3
1994 4 3
Total 204 189 143 40

* No attempt was made to observe color-banded plovers in 1991.

F.7.4 Ledee et al. 2010

Sample Size:
1.0 4
0.9 A -
0.8 - - T~
w 0.7 A
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0.0 T r T T r T . T )
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-0=Fidelity (F) == Survival (8)
—+— Nonbreeding Detection (R), Females —— Nonbreeding Detection (R), Males

FIGURE 1. Model-averaged parameter estimates and 95% confidence intervals from Barker model for fidelity (F), survival (S), and
nonbreeding detection probability (R) of Piping Plovers (n=150) at the Great Lakes from 1998 to 2006.
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F.7.5 Plissner and Haig 2000a

First Winter Survival — Adult Survival:

Table 1
Baseline metapopulation structure of Atlantic Coast piping plovers®

Population Description K Initial I st year /adult Mean no. fledged
population size mortality per pair

Atlantic metapopulation 4000 2540 51.64/26.13 1.37

1. Atlantic Canada Newfoundland, Nova Scotia, 200 384 51.64/26.13 1.28

Prince Edward Island.
New Brunswick, Quebec,
St. Pierre and Miquelon (France)

2. New England Maine, Massachusetts, 1250 1118 51.64/26.13 1.75
Rhode Island. Connecticut

3. Mud-Atlantic New York, New Jersey 1150 718 51.64/26.13 1.07

4. Southern Region Delaware, Maryland, Virginia, 200 320 51.64/26.13 0.98

MNorth Carolina, South Carolina

4 Sources: personal communications/unpublished annual reports of authors listed in Acknowledgements.
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Table 2

Baseline metapopulation structure of Great Lakes/Northern Great Plains piping plovers®

Population Description K Initial population Ist year/adult Mean no.
size mortality fledged per pair
Mertapopulation 5891 3332 56.8/34.0 1.25
1. Great Lakes L. Superior, L. Michigan, L. Erie 300 48 56.8/34.0 1.46
2. Manitoba and Manitoba and Lake of the Woods 250 73 56.8/34.0 0.53
Lake of the Woods
3. Northern Prairie Alberta, Saskatchewan Montana, and Dakotas, 4700 2786 56.8/34.0 1.28
N and S Saskatchewan Rivers,
include. L. Diefenbaker
4. Nebraska Rivers Platte, Loup, Elkhorn, Niobrara, 500 412 56.8/34.0 1.11
and Missouri below Fort Randall Dam
5. Colorado Reservoirs in SE quadrant of state 40 13 56.8/34.0 0.73

# Sources: personal communications/unpublished annual reports of authors listed in Acknowledgements.
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F.7.6 Roche et al. 2010c

First Winter Survival — Adult Survival:

Table 3. Geometric mean and 95% confidence intervals of apparent survival and resighting probabilities for cach study in North Amenca (Big Quill Lake:
2002-2006, Lake Dictenbaker: 2002-2008, Prairic Coteau: 2002-2008, Great Lakes: 1998-2008, Atdantic Canada: 1998-2003; Long Island, New York:
2001-2005). We made estmates from real parameter estimates generated via model-averaging and comparing @ ypy among breeding populations of piping
plovers. We excluded terminal estimates of @y for Atlantic Canada, the Canadian Prairie populations, and Long Island when generating mean estimates.

Annual survival () Resighting (p)
Population Estimate Lower CI Upper C1 Estimate Lower CI Upper CI
Big Quill Lake, SK 0.81 0.72 0.87 0.90 0.75 0.96
Prairie Coteau, SK 0.69 0.62 0.75 0.88 0.83 0.92
Lake Dicfenbaker, SK 0.76 0.72 0.02 0.81 0.71 0.88
Missour1 River, SD 0.80 0.74 0.84 097 0.94 0.99
Great Lakes, MI 0.71 0.63 0.76 097 0.89 0.99
Atlantic Canada 0.66 056 0.75 0.42 0.25 0.62
Long Island, NY 0.58 0.48 0.68 1.00 1.00 1.00




F.7.7 Root et al. 1992

Adult Survival:

TABLE 2. Jolly-Seber survival (S) and sighting (P) probabilities for adult Piping Plovers
at the John E. Williams Memorial Nature Preserve, North Dakota, 1984-1990.

Year® S SE (S) 95% CL P SE (P)
1984 0.586 0.222 0.150-1.022

1985 0.933 0.134 0.671-1.200 0.640 0.267

1986 0.563 0.063 0.439-0.686 0.305 0.074

1987 0.619 0.097 0.429-0.810 0.670 0.070
1988 0.617 0.159 0.306-0.928 0.523 0.087

1989 0.482 0.122

Mean 0.664 0.057 0.552-0.775 0.524 0.021

* For values of S, year corresponds to the time interval year-year + 1.

Study Design — Sample Size:

TaBLE 1. Program JOLLY capture-recapture input data (Leslie Method B Table format,
Brownie et al. 1986) for 214 adult Piping Plovers at the John E. Williams Memorial
Nature Preserve, North Dakota, 1984-1990. Entries show the number of plovers
resighted in year ; that were last resighted in year :.

Year resighted (j)

Year last
resighted (z) 1984 1985 1986 1987 1988 1989 1990

1984 0 3 1 0 0 0] 0
1985 0 16 12 6 0 0
1986 0 51 4 3 1
1987 0 30 8 3
1988 0 15 5
1989 0 8
Resighted 0 3 17 63 40 26 17
Captured 8 55 111 29 10 1 0
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F.7.8

Ryan et al. 1993

First Winter Survival — Adult Survival:

Table 1. Means of Great Plains Piping Plover reproductive rate,
adult survival rate, and four levels of immature survival rate used
in population simulations, with projected extirpation times.

Adult Immature Years to
Reproductive survival survival extirpation
rate (¥ = SE)* (X * SE)” (X £ SE)*  (min-max)”
0.86 = 0.09 0.66 = 0.06 0.46 = 0.06 44 (25-54)
0.53 = 0.06 56 (28-77)
0.60 £ 0.06  81(29-105)
0.66 £ 0,06 120(36-148)

“n = 32; sources: Haig, personal communication; L. Weber, per-
sonal communication; Wiens & Cuthbert 1984; Whyte 1985; Wiens
1986; Haig 1987; Haig & Oring 1987; Prindiville-Gaines & Ryan
1988: Schwalbach 1988; Mayer 1990, 1991,

® Source: Root et al. 1992,

© Mean values = 70%, 80%, 90%, and 100% of adult survival, see
text for additional explanation.

4 Value is the first year the mean population size = 0, based on
stmulations with 500 replications/year; minimum is first year one
of the 500 replications = 0; maximum is first year all 500 replica-
tions = 0.

Table 2. Reproductive and survival rates necessary for
stabilization and growth of the Great Plains Piping Plover
population, with reproductive rate or survival rates alternately
held constant (dashes within columns).

Chicks fledged Adult Immature
Population per pair survival survival
status (% increase) (% increase) (% increase)
Recent” 0.86 0.66 0.60
Stable 1.13(31.4) —_ —_—
Stable e 0.72(8.7) 0.65(8.7)
1% Growth 1.16(34.8) —_ —_
1% Growth _ 0.73(9.6) 0.66(9.7)
2% Growth 1.19(38.4) _ —_—
2% Growth —_— 0.74(10.7) 0.67(10.9)

“ Recent population decline =

7.6%; see Table 1 for sources.
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F.7.9 Cat

Nest Survival:

lin et al. 2011a
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Figure 1. Survival of prefledge piping plover chicks on the Missouri Riverin

2008 (A) and 2009 (B). Estimates are for chicks where no owl was captured

prior to fledging (black dashed line) and for those experiencing average

owl removal for the year (black solid line). Estimates and 95% confidence

intervals (gray dashed lines) are from the top-ranked survival model
We calculated these values for the mean hatch date for a given year.

F.103



F.7.10 Le Fer et al. 2008a

Sample Size:

Table 4. Piping plover mean chick daily survival rates * standard error in
North and South Dakota, USA, 2001-2003. Results of 2-way analyses of
variance comparing daily survival rates among sites.” Sample size is the
number of broods.

Site n X SE
Alkali 23 0.932 ABP 0.024
Hypolimnetic 22 0.985 A 0.005
Epilimnetic 29 0.853 B 0.042
Reservorir 20 0.923 AB 0.025

* Site: F394=23.25, P=0.03; yr: F594=0.01, P=0.99; site X yr: Fg g4 =
0.97, P=0.45.
b Sites with the same letter are not significantly different (o0 = 0.05).

F.7.11 Murphy et al. 2003b

Adult Survival (Predation):

Table 1. Predation on adult Piping Plovers at predator exclosure cages at alkali lakes in five areas across the north-
ern Great Plains during 1993-2002: number of applications of cages at which plovers were killed (N ) and total num-

ber of applications of cages (N ).

Hanna Reflex Lakes Stateline Lostwood Williams Preserve

\’car N-:i NI.(:L Ncl NLc:l N-:L Nlcll \'Trl NLN Nd NI.CII.
19935 0 8

1994 0 9

1995 | 20 0 2 0 30 0 9
1996 0 17 0 21 10 51

1997 1 15 0 35 0 46 3 15
1998 0 12 3 28 0 i 0 114 [ 34
1999 13 27 14 41 0 103 11 125 0 23
2000 0 1 + Ah 0 40 0 56 0 2h
2001 0 75 1 73 0 i
2002 0 73 1 56 0 40
Total 13 43 23 156 0 393 23 573 9 190
% 20 15 0 1 5
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F.7.12 Roche et al. 2010a

Adult Survival:

0.901
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FiG. 3. Model-based estimates and 95% confidence intervals of annual sur-
vival of Great Lakes Piping Plovers when average annual losses due to dis-
appearance and desertion are included (gray lines) versus excluded (black
lines) from calculations, based on the best-supported model from Table 3.
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F.7.13 Roche et al. 2008

First Winter Survival:

0.7 ]
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Captive-reared
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Fig. 1 - Model-based estimates of annual apparent survival (®;, 95% CI) from the best-supported MARK model for first year
captive-reared versus wild-reared piping plovers banded at 25 and 15 days of age, respectively.
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Adult Survival:

c w
1 2 3 4+ 1 2 3 4+
Breeding Propensity 078 058 083 096 063 058 083 096
Fledging Rate 058 058 058 058 091 091 0951 09
Stage 1 Survival 008 008 008 008 029 029 029 029
Stage 2+ Survival 068 068 068 068 078 078 078 078
Fecundity 004 023 033 038 017 041 059 068
Lambda 0.71 1.00

Lambda

1.29

1.0+

0.8

0.6+

0.4 1

0.2

0.04

o1
02
|3
W4+

Captive-reared Wild-reared

Fig. 2 - Age-specific reproductive contributions of captive-reared and wild-reared piping plovers in the first four years
following hatch. Values are depicted as age-specific proportions of the total contribution to the finite rate of population
change (lambda) for each group.
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Study Design (Model-based estimates):

Table 3 — Mean parameter estimates from the best-supported MARK model comparing apparent annual survival and

detection rates for captive-reared (C) and wild-reared (W) piping plovers

Apparent survival (&) Detection (p)
1 2+ 2 3 4 5+
Est. SE Est. SE Est. SE Est. SE Est. SE Est. SE
C 0.081 0.050 0.682 0.052 0.808 0.153 0.580 0.105 0.834 0.062 0.962 0.019
W 0.293 0.087 0.780 0.030 0.293 0.093 0.580 0.105 0.834 0.062 0.959 0.021

Stage 1 survival estimates are based on W plovers banded at 15 days of age and C plovers released at 25 days of age.




F.7.14 Sidle et al. 1992

Nest Survival:

Table 1. The number of monitored Least Tern (LT) and Piping Plover (PP) nests inundated along the Platte
River between the Loup River confluence and the Missouri River, 1986-90,

No, Mo Maximum
Nests Belore Nao. % No. Renests Total %  Daily Flow {cms)
Y¥r First Flood  Flooded Flooded REenests’ Flooded Flooded NB/LV:
LT/PP LT/PP LT/PP LT/PP LT/PP LT/PP

1986* 156/28 186 13/21 (00 o 13721 421.7/795.0
19871 6917 A0 T (0 00 70 302 8/484.3
19887 T7/32 LT 4/3 (T[] 00 418 143 21626
1989 61/15 217 34/54 24/5 00 2//59 331.1/320.0
1990~ 94,38 94/28 100100 9313 46 H2/B5 911.%1713.5

'Least terns and piping plovers renested after losing eggs or chicks from other causes in 1986 and 1988 but
initiated no new nests on the river after flooding.

*Flows measured at U.S. Geological Survey gauging stations at North Bend and Louisville, Nebraska.
*Flooding occurred in late June after most nests had haiched,

‘Flooding occurred in late May-early June before birds had initiated many nests.

*The first flood inundated sandbars along the entire river and occurred during peak nesting. The second
flood inundated sandbars below Salt Creek (U.S. Army Corps of Engineers river mile 26) and occurred in
late July after most tern but no plover renests had hatched. The second flood killed all chicks on sandbars
below river mile 26.
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F.7.15 Catlin et al. 2011b
Nest Survival:

Table 2. Raw nest success (% toml) for piping plover nests on the Missouri River during the 2005-2007 nesting seasons. Known successful nests had = 1 chidk associated with the nest or the parents of the nest. Possibly
successful nests did not have chicks assodamd with the nest or adules but eggs disappeared within 2 days of the projected hatch date. Failed nests did not have chicks associated with the nest or adults and disappeared outside
the window of reasonable hatch dates (excluding abandoned nests).

Known successful Possibly successful Failed predarion Failed abandoned Failed flooding Failed other* Failed unknown

Yr Habitat typc ~ Total nests n % n U n L n % n % n U n L
2005 Matural 76 33 43.4 g 10.5 & 79 3 39 1] 0.0 1] 0.0 26 342
Managed 36 12 333 2 5.6 12 333 2 56 0 0.0 0 0.0 3 222
Engineered 71 52 732 2 2.8 L] 0.0 2 2.4 1 14 5 70 9 12.7
2006 Matural 47 14 298 1 21 7 149 5 10.6 9 19.1 1] 0.0 11 234
Managed 31 7 22.6 1 32 8 25.8 3 97 1 3.2 0 0.0 11 355
Engineered 127 94 66.1 4 3.1 2 1.6 13 10.2 ] 0.0 4 31 20 15.7
2007 Matural 54 21 339 7 13.0 14" 259 2 37 & 111 1 19 3 5.6
Managed 16 & 375 4 25.0 4 25.0 1 6.3 0 0.0 0 0.0 1 6.3
Engineered 141 80 56.7 g 5.7 290 20.6 12 8.5 3 2.1 1 07 8 5.7
Total 590 309 516 37 6.2 2 13.7 43 7.2 20 3.3 11 1.8 a7 16.2

* Indudes bank erosion, weather events, and nests stepped on by rescarchers.
" Change in protocols led to more failures classified as predation. If eggs were missing before the harch dare and none of the other causes of failure were implicated, we conduded that predation was the cause of failure. The
other frequent causes of nest loss, abandonment and flooding, were obvious to observers. Many of the unknown nest losses from 2005 and 2006 were probably as a result of predation.

F.7.16 Elias et al. 2000

Tabje 4. Number of piping plover pairs, chicks halched and fledged, and modified Mayfield daily survival rate (DSR) estimates of chick survival, by beach segment tybe, on New York barer
istands, 1992 and 1533.

Chicks
Beach segment tpe* o« New puaies Harched Fledued & Flidged Fledgediair DSI* (=5E) &

1992 . ) .

Ephemeral pools available - e 69 1l S5Y% 1.37 0,978 (0.004) A 55%

Bay tidal flats available i 2 | 0 0% 0.00 0.000 B%

Ephemeral pools and bay tidal fats viavailable 47 $1 34 426 0.8 0,959 (0.008) B 35%
1993 f : %

I:':pllt'll'lt'r‘;ﬂ pun]s available 38 LY} 55 54% 145 0.975 (0LODG) A 53% -

Bay tidal flats available 5 23 13 5T% 1.63 L0972 (0.01T) A 49%

= Ephemeral pools and bay tidal ffats uniailable 36 o) a] 5% (.58 0.970 (0.008) A 45%

1992-93 totals 161 - az27 165 5% 104 0.971 {0.003) 45%

* Hahitats avaibable on sl Bheach segment tpes wenes ocean itertidal zome, wrack, Iackslore, apen vegelation, aned iterdine, eaept on Iy tiefal Hat seguents.
FChispaane test for homogeneity of sunvival anumy Balatats: 1992 35 = 126, Ldf P < 005 195 ¢ = 033 2400 0 = 0405, Means with the samee Tetters anes nol significantly dilfenont,
¢ The interval from atehing o Bedging i 25 s intenal somaval (51 = DSHT % 16 -



F.7.17 Wemmer et al. 2001

First Winter Survival — Adult Survival:

Table 1

Survival estimates for piping plovers

Survival rate Adult Fledgling-age 1
Empirical for Michigan® 0.73 0.24-0.312
Average other sources® 0.74 0.32-0.34

Min all sources 0.64 0.17

Max all sources 0.94 0.48

& Wemmer, unpublished data.
b Loegering (1992), Root et al. (1992), Wiens (1986), Cross,
Maclvor, in USFWS (1996).

F.7.18 Cohen et al. 2009

Survival:

Table 5. Pearson’s correlation (r = coeft.) of mean reproductive variables with

population density (pairs/ha) for piping plovers at West Hampton Dunes (WHD)

and the reference area (REF), New York, USA, 1994-2004 (» = 11 yr).

WHD REF
Variable r P r
First nest clutch size —0.08 0.820 —0.460 0.155
Second nest clutch size —0.38 0.256 —-0.15 0.681
Renest probability 0.30 0.370 0.10 0.792
Nest survival —0.07 0.766 0.05 0.879
Chick survival —0.03 0.834 0.39 0.230
Chicks fledged/pair —0.05 0.891 0.11 0.743
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First Winter Survival:

Table 9. Chick survival (chicks fledged/eggs hatched, yearly means) of piping

plovers (Mayfield interval) for broods foraging on the bay side, ocean side, or both
the ocean and bay side at West Hampton Dunes, New York, USA, 1994-2004.

Brood foraging location”

Ocean side only Bay side only Both sides
Y n x SE n x SE n x SE
1994—
1996 5 029Bb 010 28 0.52Ba 0.10 0
1997
2000 30 056Ab 0.08 34 0.65Aa 007 33 049 Ac 0.09
2001-

2004 50 050Aa 008 11 001Cb 002 21 036Aa 010

*1994-1996 = prior to United States Army Corps of Engineers (USACE)
Interim Project; 1997-2000 = USACE Interim Project, predators trapped; 2001—
2004 = after first renourishment, predator trapping curtailed.

® Within columns, means with the same capital letter are not different. Within
rows, means with the same lowercase letter are not different (Mixed Mayfield
logistic regression with random yr effect, F; 100 = 18.43, P < 0.001. We evaluated
pairwise differences by least-squares means contrasts).
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F.7.19 Catlin 2009

First Winter Survival:

1 /
/ y =0.2696x + 0.1464
0.9 ’,'
0.8 .4
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L 4 ’I \\\ ______ i
9 0.3 AN N Linear (Natural)
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0.1 \\\\-
0 T T T T 1
0 1 2 3 4 5
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Adult Survival:

Table 10: Estunates of

true survival for breeding piping plovers.

Study Estimates (Clgs) Years Population
LeDee (2008) 0.91(0.63 —0.98) 1998 — 2005 Increasing™
This study 0.822 (0.747—0.878) 2005 —2006 Stationary"
0.824(0.736—0.887) 2006 — 2007
Cohen et al. (2006)  0.714(0.551 —0.856) 2002 -2003 Decreasing”
0.751 (0.527—-0.891) 2003 — 2004
0.643 (0.462-0.791) 2004 — 2005

% Haig <t al. (2005)
B Cohenetal. in press

CG. Pavelka. USACE.

personal communication
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F.7.20 Brudney et al. 2013

Nest Survival — First Winter Survival:

1.00

0.29

0.98

0.97

0.96

0.95

Daily survival rate

0.94

0.93 T T T T T T
0 2 4 B 8 10 12 14 16 18 20 22 24

Chick age (days)
m:ﬁly survival rates of F'iping Plover chicks from 1 to 23 days o
age in the Great Lakes region, 1992-2011. Individual points denoted by
“x" represent daily survival rates under the fully age-dependent model
Sn.z,.a...z_n with their associated 85% confidence intervals (Cls), filled
squares are from the three-stage model S, ., ., 55, and the curvilinear
line represents the logistic regression model : [oéitl’S] =B, + B, *age, where
Eng =2.948 (85% Cl: 2.868-3.028) and E'. =0.067 (85% CI: 0.059-0.075).
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F.8 Site Fidelity, Immigration, and Emigration

F.8.1 Gratto-Trevor et al. 2012
Findings:

Table 1. Banding locations and numbers of piping plovers uniquely color marked, for each breeding population.

No. chicks No. adules % adults 2006
Breeding Provinces Chief Years of uniquely uniquely resighted population
population or states investigators marking color marked color marked in winter" estimate
Eastern Canada NS, NB, PE, D. Amiraule- Langlais 1998-2003 259 224 12 457

NL, QC and F. Schaffer

Great Lakes MI, W1 F. Cuthbert 1993-2008 o 347 43 109
Great Plains SD, NE D. Catlin and J. Fraser 2005-2008 1,140 451 25 2,959
Prairie Canada SK C. Gratto-Trevor 2002-2006 455 792 i3 1,703

* Birds marked as adults and chicks were used in all analyses, except % resighted in winter (see Methods).
" Elliott-Smith et al. (2009).

“Great Lakes chicks were not uniquely color marked.

Table2. Percentage of individually marked piping plovers from each breeding population observedin different wintering areas along the east coast of the United
States and into Mexico up to December 2008. Each individual was counted only once.

% (N) of piping plovers from a breeding location at different wintering areas

Winter area Eastern Canada Great Lakes Great Plains Prairie Canada
Atlantic Central 43 (20) 19 (28) 0 (0) 1 (3)

Atlantic South 34 (16) 56 (84) 7 (12) 3 (12)
Gulf Florida South 23 (11) 19 (29) 14 (23) 4 (15)
Gulf Florida North and Alabama 0 (0) 4 (B) 8 (13) 4 (16)
Mississippi and Louisiana 0 (0) 1 (1) 8 (13) 5 (17)
Texas North 0 (0) 0 (0) 12 (21) 17 (61)
Texas South and Mexico 0 (0) 1 (2) 51 (87) T (241)

Total (47) (150) (169) (356)




F.8.2 Haig and Oring 1988a
Findings:
TaBLE 1. Breeding-site fidelity and natal philopatry in Piping Plovers.
Nest-
ing H Fledged n Years
adults return chicks return Focal  of
Study location banded (%) banded (%) sites  study Source
Southern Manitoba 65 44 (67.7) 90 5 (5.5) 5 4  This study
11(12.2)
Cape Cod, Massachu- 16 11(68.9) 28 0 (0.0p 12 3  Maclvor et al.
setts 12 (42.9)° 1987
Waugoshance Pt., Mich- 16  9(56.3) 35 129y 1-10 11 Pike 1985, pers.
igan 8(2.9)y comm.
Lake of the Woods, 47 32 (68.0) 70 15(21.0) 4 3 Wiens 1986
Minnesota
Long Island, New York 1,173 288 (24.6) 979 34 (3.4)y 3 20  Wilcox 1959
47 (4.8)
Chain of Lakes, North 111  32(55.2) 123 7 (6.0) 7 2  Mayer & Ryan
Dakota 1986
Cadden Beach, Nova 19 7 (36.8) 39-57 1(1.6-2.6) 1 2 Cairns 1982
Scotia
Big Quill Lake, Sas- 14 6(42.0) 12 1(8.3) 1 2 Whyte (1985)
katchewan
Total 1,461 429 (29.4) 1,376-1,394 64 (47)

102 (7.3-7.4)°

* Return to natal site.

® Return to local area (including natal site). In all cases, except Whyte 1984, local sites were surveyed in addition to focal sites.
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TaBLE 2. Dispersal of breeding Piping Plovers between years.?

Km

b

State or Se—x dis-

province Breeding site 1 Breeding site 2 M F U persed

Manitoba Clandeboye Bay, Lake Manitoba Stony Beach, Lake Manitoba 1 3
Clandeboye Bay, Lake Manitoba West Shoal Lake 3 3 32
Stony Beach, Lake Manitoba Twin Lakes Beach, Lake Manitoba 1 15
S. West Shoal Lake N. West Shoal Lake 8 8
West Shoal Lake Clandeboye Bay, Lake Manitoba 2 3 32
West Shoal Lake Grand Marais, Lake Winnipeg 1 70
West Shoal Lake Twin Lakes Beach, Lake Winnipeg 2 2 25

Massachusetts  Plymouth Beach Sandy Neck 1 37

Minnesota Lake of the Woods Clandeboye Bay, Lake Manitoba 1 314
Lake of the Woods Long Point, Lake Winnipeg 1 546
Lake of the Woods West Shoal Lake 1 1 273

New York Moriches Shinnecock 1 18
Shinnecock Moriches 1 25
Shinnecock Mecox 1 14

Ontario Long Point, Lake Erie Waugoshance Pt., Lake Michigan 1 595

»Sources: this study (Maniteba, Minnesota), Wilcox 1959 (New York), Maclvor et al. 1987 {Massachusetts), Pike 1985 (Michigan).
® Values represent the number of males, females, and unknown-sex birds that moved from one breeding site to another in successive years.
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Fig. 2. Comparison of distances dispersed from
natal sites in Piping Plover chicks resighted their sec-
ond year (left column) and distances adults dispersed
between breeding sites in successive years (right col-
umpn). Distance intervals (km) on bars are: 0-1.0, 1.1-
10.0, 10.1-100.0, 100.1-1,000.0, 1,000.1-10,000.0.
Sources: this study, Wilcox 1959, Wiens 1986.
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TaBtE 3. Dispersal of Piping Plovers from natal sites to breeding sites.*

Sext

Km
Hatch site Breeding site M F U  dispersed

Manitoba

Grand Marais, Lake Winnipeg West Shoal Lake 1 1 - 70

Stony Beach, Lake Manitoba West Shoal Lake — 1 1 35

Twin Lakes Beach, Lake Manitoba West Shoal Lake 1 - 1 25

West Shoal Lake West Shoal Lake 2 2 1 5

West Shoal Lake Long Point, Lake Erie 1 - - 1,500
Massachusetts

Harding Beach Monomoy — — 1 22
Michigan

Waugoshance Pt., Lake Michigan Cathead Bay, Lake Michigan — - 1 74

Waugoshance Pt., Lake Michigan Grand Marais, Lake Superior - — 6 112
Minnesota

Lake of the Woods West Shoal Lake - 2 — 273

Lake of the Wood Grand Marais, Lake Winnipeg 1 2 1 222
New York

Atlantic Beach Shinnecock - 1 - 101

Mecox Shinnecock 2 2 - 9

Moriches Shinnecock 2 3 — 25

Qak Beach Shinnecock — 1 — 62

Tobay Beach Moriches 1 - — 66

Penn Yan Long Point, Lake Erie — — 1 240

* Sources: This study (Manitoba, Minnesota), Maclvor et al. 1985 (Massachusetts), Pike 1985 (Michigan}, Wilcox 1959 (New York).
* Values represent numbers of males, females and unknown-sex first-year adults that dispersed from their natal site to a non-natal site to breed.

@ Breeding Site
O Wintering Site

—_ Number of
Recoveries

Fig. 3. Dispersal'of Piping Plovers from breeding sites to wintering sites, based on 91 sightings of marked
birds.
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F.8.3 Haig and Oring 1988b

Findings:

TABLE 1. Annual individual reproductive effort of
Piping Plovers breeding in southern Manitoba,

1982-1985,

H Mean Range SD
No. of mates 71 1.3 0-2 05
No. of nests 80 1.6 0-3 0.6

Eggs laid/female 78 6.2 0-12 2.3
Chicks hatched 92 1.7 0-4 1.7
Chicks fledged 94 0.9 0-4 1.4

TABLE 2. Population reproductive success of Piping
Plovers at Lake Manitoba and West Shoal Lake,
Manitoba, 1982-1985.

West Shoal Lake
Lake Manitoba Total

Years 1984-1985 1982-1985 1982-1985
Birds 61 37 98
Pairs 33 20 53
Nests 45 27 72
Chicks fledged per:
Breeding
pair 1.5 0.3 1.0
Pair with
brood 31 1.3 27
Percentage
pairs fledg-
ing chicks 48.5 20.0 37.7

TABLE 3. Breeding-site fidelity of Piping Plovers in
southern Manitoba by previous year’s reproductive
success. Sample sizes (in parentheses) are the num-
ber of individuals monitored.

Percentage return

Previous
success Males Females QOverall
Chicks hatched 73.3(15) 54.5(11) 65.4(26)
Nests failed 76.5(17) 57.1(14) 67.7 (31)
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TaBLE 4. Interyear mate fidelity and territory reten-
tion of Piping Plovers breeding in southern Man-
itoba, 1982-1985. Sample sizes (in parentheses) are
the number of individuals monitored. Asterisks in-
dicate significant differences between males and
females (x2, P < 0.01).

Males Females Overall
Pattern (%) (%) (%)

Changed mate 73.1(26) 78.6(14) 75.0 (40)
Changed territory  41.0 (39)* B5.7 (14) 52.8 (53)
Changed mate

Changed territory 26.3 (19) * 100.0 (11) 53.3 (30)

Kept territory 737 0.0 46.7
Kept mate

Changed territory 42.9 (7) 33.3(3) 40.0(10)

Kept territory 57.1 66.7 60.0

TaBLe 5. Comparison of previous hatching success
among Piping Plovers that retained territories in
southern Manitoba with those that changed terri-
tories. Sample sizes (in parentheses) are the number
of individuals monitored.

Percentage that hatched chicks
in previous year*

Pattern Males Females Combined

Kept territory 28.6 (14) 100.0(2) 37.5(l6)
Changed territory 44.4 (9) 33.3(12) 38.1 (21)

* Differences within sexes were not significant (P = 0.05).

TABLE6. Intrayear mate and territory fidelity of Pip-
ing Plovers breeding in southern Manitoba, 1982~
1985. Sample sizes (in parentheses) are number of
individuals monitored.

Males - Females Owverall

Pattern (%) (%) (%)
Changed territory  63.6 (22) 70.8 (24) 64.7 (46)
Changed mate 40.7 (27) 28.0 (25) 34.6 (52)

Changed mate
Changed territory 62.5(8) 100 (19) 88.9 (27)

Kept territory 375 0.0 111
Kept mate

Changed territory 62.5(16) 62.5(16) 62.5(32)

Kept territory 37.5 375 37.5

2 Data represent birds that renested following nest failure.
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TABLE 7. Intrayear pair-bond retention following
destruction of Piping Plover nests in southern
Manitoba, 1982-1985.*

Pair bond
Dissolved Persisted

Year (%) (%) n

1982 58.3 41.7 12

1983 33.3 66.7 6

1984 42,9 57.1 14

1985 15.0 85.0 20
1982-1985 34,6 65.4 52

* Data represent pairs in which at least one member of pair renested
on a study site in Manitoba.

F.8.4 Cohen et al. 2006
Findings:

Table 1. Number of adult Piping Plovers captured and number of resightings at West Hampton Dunes and
Westhampton Beach, Long Island, NY, from 2001 to 2005.

New New Breeders Nonbreeders Nonbreeders Total
Year captures’ recruits’ resighted* resighted* missed® population’
2001 36 0 0 0 0 36
2002 14 0 26 1 0 41
2003 16 3 21 10 0 50
2004 0 1 24 6 2 33
2005 0 1 6 6 — 13

‘Number of birds trapped on the nest and marked in year 7.

"Number of birds marked as chicks prior to year i that nested at our site for the first time in year 7.

‘Number of marked birds breeding at our site in year 7 that were marked prior to year 7 and nested at our
site in year 7 — 1.

“Number of marked birds resighted in year 7 that did not breed at our site in year 7, were marked prior to
year 7, and bred at the site in at least one year prior to year 7.

‘Number of marked birds not remghted in year 7 but restghted in at least 1 year after year 7 that were
marked prior to year 7, and bred at the site in at least 1 year prior to year i.

“Total number of marked birds known to be in the population in year 7.
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F.8.5 Cohen and Gratto-Trevor 2011

Findings:

Table 2. Mean Saskatchewan Piping Plover true survival (§), breeding/natal site fidelity (F), breeding site

recapture probability (p), mmtermg gmunds resnghtmg probability (R = birds that survived to breed, R =
birds that did not), and re-immigration rate of emigrants (F'), 2002—2009.

Parameter Age Estimate SE 95% LCL 95% UCL
S Adult 0.80 0.03 0.74 0.84
Subadult 0.57 0.05 0.47 0.67
F Adult 0.86 0.04 0.76 0.92
Subadult 0.46 0.11 0.27 0.66
P Adult 0.90 0.03 0.83 0.94
Subadult 0.84 0.16 0.34 0.98
R Adult 0.24 0.03 0.18 0.30
Subadult 0.20 0.04 0.13 0.30
R Adult 0.09 0.01 0.07 0.11
Subadult 0.07 0.03 0.02 0.17
F Adult 0.15 0.02 0.12 0.20
Subadult 0.19 0.10 0.07 0.45

*Adult = AHY, Subadult = fledge to second year.
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Fig. 3. Model-averaged (mod ave) estimates (with SE bars) and global model estimates (dots) of annual adult
site fidelity of Piping Plovers in Saskatchewan, 2002—-2009. The global model, S(g*t), was not well supported
based on information-theoretic criteria, probably because sample sizes were not adequate to estimate survival
for each site x year combination precisely. However, we provide the estimates for reference. LD/LC = Lake

Diefenbaker/Lake Chaplin and BQL = Big Quill Lake.
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Fig. 4. Model-averaged estimates (with SE bars) of annual site fidelity of adult male and female Piping
Plovers in Saskatchewan, 2002-2007.
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F.8.6 Ledee et al. 2010

Findings:

1.0 7
0.9 4
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0.7 1

3
0.6 4
0.5 4
0.4 4

Parameter VValue

0.3 4
0.2 4

0.1 4

0.0 T T T T T T T T T )
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
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—+— Nonbreeding Detection (R), Females —o— Nonbreeding Detection (R), Males

FIGURE 1. Model-averaged parameter estimates and 95% confidence intervals from Barker model for fidelity (F), survival (), and
nonbreeding detection probability (R) of Piping Plovers (n = 150) at the Great Lakes from 1998 to 2006.

F.8.7 Roche et al. 2012
Findings:

TasLE 2. Movement among breeding areas for 782 individually marked Piping Plovers in Saskatchewan, 2002-2009.
The category “Origin” designates the population from which an individual Piping Plover emigrated, and “Destina-
tion” the population it immigrated to (e.g., there were 364 cases in which a Piping Plover “moved” between Big Quill
Lake and Big Quill Lake, and 10 in which a Piping Plover moved between Big Quill Lake and Lake Diefenbaker). Each
integer value represents the number of interannual movements that occurred between two areas; values in parentheses
represent the percentage of total interannual movements per transition.

Origin
Destination Big Quill Lake Chaplin Lake Missouri Coteau Lake Diefenbaker
Big Quill Lake 364 (95%) 2 (1%) 2 (0.5%) 8 (1%)
Chaplin Lake 6 (2%) 140 (84%) 61(1%) 57 (8%)
Missouri Coteau 2(1%) 2 (1%) 398 (98%) B(1%)
Lake Diefenbaker 10 (3%) 22(13%) 2 (0.5%) 651 (90%,)
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Fic. 1. Map of the three Piping Plover breeding-population study areas in Saskatchewan: Lake Diefenbaker, Big Quill Lake, and the Missouri Coteau
(composed of Chaplin Lake and multiple small alkali wetlands in the Coteau}.
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Fic. 3. Probability of interannual breeding-season movement (y) following flood and nonflood years among three Piping Plover breeding areas in Sas-
katchewan (BOL = Big Quill Lake, LD = Lake Diefenbaker, and MC = Missouri Coteau) (2002-2009). See Table 1 for movement-specific sample sizes.
Diamonds represent movement following nonflood years; circles represent movement following flood years. Movement probabilities for male Piping
Plovers are represented by dark gray markers and those of females by light gray. Vertical lines represent 85% confidence intervals. Estimates were gener-
ated from the top-supported model solved at the annual mean covariate value for “fledge,” using a sample of 782 marked after-hatch-year Piping Plovers
[S(g*t),plg®t + sex),y(g. + sex + flood + fledge)].
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F.8.8 Catlin 2009
Findings:

Table 5: Monte Carlo estimates from model-averaged parameter estimates and unconditional standard errors from the Barker (1997)
model for piping plovers banded as adults (N =357) on the Gavins Point Reach of the Missouri River and Lewis and Clark Lake from
2005 —2008.

Parameter’ Period Estimate®  Standard Lower Upper 95%
Error 95% Confidence
Confidence Limit
Limit
S 2005 - 2006 0.822 0.033 0.747 0.878
2006 - 2007 0.824 0.038 0.736 0.887
P 2005 -2007 0.971 0.015 0.941 1.000
2005 -2007 0.213 0.032 0.151 0.275
R’ 2005 -2007 0.118 0.028 0.063 0.174
F 2005 - 2006 0.999 0.010 0.980 1.000
2006 - 2007 0.891 0.052 0.742 0.959

* True survival (S). resight rate on the breeding grounds (p). resight rate during the non-breeding season (R), the mortality rate of birds
that were sighted during the non-breeding season (R’). and the fidelity rate (F).
B Estimates and standard errors for estimates that are not both year- and group-specific were derived from Monte-Carlo procedure with

10,000 iterations to combine year- and group-specific estimates.
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Table 9: Monte Carlo estimates from model-averaged parameter estimates and unconditional standard errors from the Barker (1997)
model for piping plovers banded as chicks (N = 685) on the Gavins Point Reach of the Missouri River and Lewis and Clark Lake from
2005 — 2008.

Parameter” Period Estimate® Standard Lower95%  Upper 95%

Error Confidence Confidence

Limit Limit
S adult, engineered 2006 — 2007 0.793 0.078 0.602 0.907
S adult, natural 2006 — 2007 0.764 0.215 0.239 0.971
P chick, engineered 2005 — 2007 0.777 0.074 0.601 0.890
P chick. natural 2005 — 2007 0.531 0.120 0.305 0.745
P adult, all 2006 — 2007 0.890 0.074 0.650 0.972
R chick, all 2005 —2007 0.146 0.028 0.010 0.210
R agult. engineered 2006 — 2007 0.263 0.049 0.178 0.369
R agult. natural 2006 — 2007 0.128 0.067 0.044 0.321
Ra 2005 — 2007 0.000 0.000 0.000 0.749
F acult, engineered 2006 — 2007 0.792 0.093 0.557 0.920
F adult, natural 2006 — 2007 0.716 0.305 0.118 0.979
P hateh date -0.087 0.016 -0.118 -0.057
B age at banding -0.013 0.072 -0.155 0.128
P age at banding*hatch 0.005 0.003 -0.001 0.011
date
B stural nesting density 1.158 0.583 0.017 2.300
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Figure 2: Site fidelity of piping plovers banded as adults and as chicks to the Gavins Point Reach of the Missouri River and Lewis and

Clark Lake from 2005 — 2007. Bars represent 95% Cls.
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F.9 Overwintering Habitat

F.9.1 Haig et al. 2005

Findings:

Table 1. Wintering piping plovers (PIPL) recorded and winter survey effort in 2001.

% of Sites Km
State/Country PIPL census surveyed surveyed Participants® Coordinator

MNorth Carolina 87 3.6 39 330 43 D. Allen
South Carolina 78 3.3 32 146 5 T. Murphy
Georgia 111 4.6 16 155 A B. Winn
Florida 416 174 122 900 162 P. Kelly/B. Brooks
Atlantic 111 4.6 34 242 n/aP
Gulf 305 12.8 88 658 n/aP
Alabama 30 1.3 13 47 10 R. Clay
Mississippi 18 08 12 167 9 M. Woodrey
Louisiana 511 214 26 202 23 S. Shively
Texas 1,042 43.6 50 1,075 53 P. Glass/R. Cobb/
J. Rupert
Puerto Rico 6 0.3 5 15 3 S. Earsom
Cuba 55 2.3 29 105 8 F. Shaffer
Bahamas 35 15 8 n.r¢ n.r.¢ none
Total 2,389 n/aP 352 3,142 387

8 Numbers reported are minimum estimates as not all observers recorded this information.
b n/a = Not applicable.
€ n.r. = Not reported.
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Table 2. International Piping Plover Winter Census resulis for
1991, 1996, and 2001, and percentage of birds counted rela-
tive to subsequent international breeding censuses.

Piping plovers

State/Country 1991 1996 2001
North Carolina 20 50 a7
South Carolina 51 78 78
Georgia 37 124 111
Florida 551 375 416
Atlantic 70 31 111
Gulf 481 44 305
Alabama 12 31 30
Mississippi 59 27 18
Louisiana 750 398 511
Texas 1,904 1,333 1,042
Puerto Rico 0 0 6
Mexico 27 16 n.s.2
Cuba 11 66 55
Bahamas 29 17 35
Grand total 3,451 2,515 2,389
% of Breeding Census 62.9 42.4 40.2

2 n.s. = not surveyed.
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Fig. 1. Breeding and winter distribution and abundance of piping plovers in 2001. Breeding birds recorded in Canada, the Unit-
ed States, and St. Pierre and Miquelon, France; winter birds recorded in the southern United States, Gulf Coast of Mexico, Cuba,

the Bahamas, and Caribbean.

F.9.2 Haig and Oring 1985
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Findings:
TasLE 2. Winter distribution and population estimate of Piping Plovers in the United
States.

State Estimate Year

Alabama 80 1984

Florida 135 1984

Georgia 15 1983
Louisiana 33 1984
Mississippi 51 1984

North Carolina 100 19832

South Carolina 20 1984

Texas 400+ 1984

Total 834+ 1984

2 J. Fussell, pers. comm.
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TaBLE 3. Occurrence of Piping Plovers throughout their winter range.

Location Estimate Year Source
Bahamas Rare 1981 R. Norton?
Barbados Rare 1984 M. Hutt®
Bermuda 6-8 1983 D. Wingate?
Dominican Republic Rare 1931 Wetmore and Swales 1931
Cuba 10+ 1984 O. Garrido?
Ecuador 1 seen 1956 Marchant 1956
Haiti 2 seen 1929 U.S. National Museum®
Jamaica 0-2 1983 I. Goodbody, R. Sutton?
Mexico 20+ 1984 This study
Netherlands-Antilles 1 1983 Voous 1983
Puerto Rico Rare 1983 RafTaele 1983
United States 834+ 1984 This study
Virgin Islands 0-5 1983 J. Ynetema®
West Indies Rare 1982 R. Norton*

2 Pers. comm.
b Museum skin.
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F.9.3

Haig and Plissner 1993

TABLE 1. Numbers of wintering Piping Plovers and winter sites censused in 1991,

Plover
Location Birds Sites’ sites? Census coordinator
U.S. Atlantic 178 132 30
North Carolina 20 32 7 Henson
South Carolina 51 27 8 Spinks/Wilkinson/Murphy
Georgia 37 14 6 Johnson
Florida 70 59 9 Kale
U.S. Gulf 3,206 197 126
Florida 481 66 31 Runde
Alabama 12 6 1 Clay
Mississippi 59 13 7 McDearman
Louisiana 750 29 23 Martin
Texas 1,904 83 64 Eubanks
Mexico Gulf 27 18 4 Sada
Caribbean 40 11+ 2
Bahamas 29 1 1 Fettig
Turks and Caicos 0 1 0 Bradley/Fabian/Fabian
Cuba 11 2 1 Blanco/Garrido
Jamaica 0 n.a. 0 Levy
Puerto Rico 0 5 0 Lee
Cayman Islands 0 n.a. 0 Marsden
Total 3,451 358+ 162

! Total number of sites censused for Piping Plovers.
2 Number of sites where Piping Plovers occurred.
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TABLE 2. Major Piping Plover winter sites in 1991,

Sile County State No. birds % total census
Mustang Island Nueces Texas 281 8.1
Port Mansfield Pass Willacy Texas 247 7.1
St. Joseph Island Aransas Texas 210 6.0
Matagorda Peninsula South Matagorda Texas 154 4.4
Brazos Island/South Bay Cameron Texas 151 43
Chandeleur Islands St. Bernard Louisiana 131 18
Matagorda Island Calhoun Texas 116 3.3
Honeymeon Island Pinellas Florida 102 29
West Timbalier Island Terrebonne Louisiana 8¢ 2.6
Breton Island St. Bernard Louisiana 88 2.5
Western East Island Terrebonne Louisiana 86 2.5
Curlew Island St. Bernard Louisiana 85 2.4
Redfish Bay islands Nueces Texas 82 2.4
South Padre Island Cameron Texas 82 2.4
Padre Island Kleberg Texas 17 2.2
Bolivar Flats Galveston Texas 72 2.1
Three Rocker Bar Pinellas Florida 59 1.7
Matagorda Peninsula North Matagorda Texas 53 1.5
Buena Visia Ranch Cameron Texas 46 1.3
Anna Maria Island Manatee Florida 45 1.3
Last Island Terrebonne Louisiana 43 1.2
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FIGURE 2. Winter sightings of Piping Plovers banded on the Great Lakes, Northern Great Plains, or Prairies
during the breeding season (1983-1991).
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FIGURE 3. Winter sightings of Piping Plovers banded on the Atlantic Coast during the breeding season {1983~
1991).
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TABLE 4. Major Piping Plover breeding sites in 1991.

] % total
Couniy/arca or No.  regional breeding
Site river system m State/province birds total pop.
Northern Great Plains/Prairie sites
Lake Diefenbaker S. Saskatchewan R. Saskatchewan 276 8.0 5.0
Gavins Pt.~Sioux City Missouri River South Dakota/Nebraska 165 4.8 3.0
J. E. Williams Preserve McLean Co. North Dakota 162 4.7 3.0
Lake Sakakawea Missouri River North Dakota 162 47 1.0
Niobrara River Wiobrara River Nebraska 152 4.4 2.8
Big Quill Lake Big Quill Lake Saskatchewan 151 4.4 2.8
L. Sakakawea-L. Oahe Missouri River North Dakota 124 3.6 23
Chaplin Lake Missouri Coteau Saskatchewan 113 33 2.1
Manitou Lake North West Saskatchewan 111 3.2 2.0
Platte River sand pits Platte River Nebraska 107 31 20
Lake Oahe Missouri River North Dakota/South Dakota 101 2.9 1.8
Lostwood NWR Missouri Coteau North Dakota 78 22 1.4
Medicine Lake Sheridan Co. Montana 65 1.9 1.2
Lake McConnaughy N. Platte River Nebraska 64 1.8 1.2
Ft. Randall-Gavins Pt. Missouri River South Dakota/Nebraska 57 1.6 1.0
Atlantic Coast sites
Chincoteague NWR Accomack Co. Virginia 87 4.4 1.6
North Metomkin Island Accomack Co. Virginia 72 36 1.3
Breezy Point Queens Co. New York 49 2.5 0.9
Forsythe NWR Ocean Co. New Jersey 44 2.2 0.8
Little Beach Island Atlantic Co. New Jersey 43 2.2 0.8
Gateway NRA Monmouth Co. New Jersey 39 20 0.7
Assateague Island NS Worcester Co. Maryland 35 1.8 0.6
Brigantine Jetty Atlantic Co. New Jersey 25 1.3 0.5
Cobb Island Northampton Co. Virginia 24 1.2 0.4
Crane Beach Essex Co. Massachusetts 24 1.2 0.4
Orient Point SP Suffolk Co. New York 20 1.0 0.4
Great Lakes sites
Grand Marais Inner Alger Co. Michigan 8 235 0.1
Cross Village North Emmet Co. Michigan 6 176 0.1
Point Island Emmet Co. Michigan 4 1.8 =0.1
Vermillion SP Chippewa Co. Michigan 3 8.8 <01
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Fo.4 Ledee et al. 2008

Findings:

Table 1. Results from simple linear regression. From the set of 11 param-
efers, the five parameters in bold were found to be significant® predictors
of piping plover abundance on the US. Gulf of Mexico coast.

Landscape Adjusted

Measure R-zquared P Value df
Landform category 0.30 =0.01 30
Urban area 0.18 0.01 30
Total area 0.17 0.01 30
Intertidal area 0.16 0.01 30
Roads 0.10 =0.05 30
Boat launches 0.09 0.10 21
Access points 0.08 0.11 21
Lagoon 0.05 0.17 30
Lagoon perimeter 0.03 0.17 30
Beach —0.02 0.47 30
River —0.03 0.62 30
*p < 0.05.
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F9.5 Gratto-Trevor et al. 2012

Findings:

Gulf Florida

Misslssippl/ N/Alabama

Louisiana

Texas North

Florida (@)
South =

@ :

L]
Figure 1. Four breeding locations (inset) included in our study of wintering
piping plovers in North America, 1998-2008, including eastern Canada
(white circle with a large black spot in the center), Great Lakes (gray drde),
Great Plains (white circle), and Prairie Canada (black circle). The North
American wintering area is expanded to the right, divided into different
wintering regions. The size of the adjacent circles relative to others represents

the percentage of individual piping plovers from a specific breeding area
reported in each wintering region up to December 2008.
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Table 3. Percentage of marked individual piping plovers from each breeding population observed at specific locations along the eastern coast of the United
States in the winters of 2006-2007 and 2008-2009.

No. banded Percentage from each breeding area®
Winter Location individuals seen Eastern Canada Great Lakes Greart Plains Prairie Canada
2006-2007 South Carolina 31 14 77 7 2
Louisiana 19 0 22 45 33
Texas North 9 0 0 32 68
Texas South 42 0 0 26 74
2008-2009" Florida Gulf South and Alabama 34 — H2 24 13
Mississippi and Louisiana 29 — 30 36 34
Texas North 42 — 0 30 70
Texas South 99 — 0 36 td

* Corrected for the number of banded birds estimated alive in each breeding population.
" By 2008 few, if any, eastern Canada plovers were individually recognizable due to removal of color bands and abrasion of codes on remaining bands.



F.9.6 Stucker et al. 2010

Findings:
Individuals
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Figure 1. Counts of Great Lakes Piping Plover individuals at coastal wintering locations November-February, 1995-

2005. Sites are labeled by name or Critical Habitat Unit (State - #).
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F.10 Population Trends through Time

F.10.1 Calvert et al. 2006

Observed Trend:

Fig. 1. Location of beaches used by eastern Canada Piping Plovers breeding in the Gulf of St. Lawrence
(squares) and South Nova Scotia (circles) from 1998 to 2003, with associated population abundance
trends between 1991 and 2005 as indicated by the standardized annual population survey (black) and
international census (gray) data (see Amirault 2005). Recovery goals for each population segment are
also noted (dashed lines: Amirault 2006). Regions within the Gulf population segment are: AC (Acadian
peninsula, northern New Brunswick), NBNS (southern New Brunswick and northern Nova Scotia). NF
{(Newfoundland). PEI (Prince Edward Island). and QC (Magdalen Islands, Quebec).
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Table 1. Component parameters for the eastern Canada Piping Plover projection matrix model, and estimates
for each breeding population segment (South NS: southern Nova Scotia: Gulf: Gulf of St. Lawrence): see
text for details of parameter estimation.

Parameter Notation  Definition South NS Gulf
Adult survival D, SY bird survival 1 yr after census 0.7324 0.7331
Juvenile survival (from hatch) D, HY bird survival 1 yr after census 0.3279 0.2395
Fledging success N Probabality hatchling survives to fledge 06171 0.7014
Juvenile survival (post-fledge) ¢=df HY bird survival from fledge to 1 yrold 0.5314 0.3415
Second-year recruitment Vg Probability that SY bird builds nest 0.8095 0.8504
Third-year recruitment ¥r Probabality that TY bird builds nest 09910 0.9823
Number of eggs laid E Mean number eggs laid per nest 3.8065 3.9389
Hatching success h Probability that an egg hatches 0.4603 0.5120
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Table 3. Deterministic growth rate estimates, stable age distribution, age-specific
reproductive values, sensitivities, and elasticities for southern Nova Scotia and
Gulf of St Lawrence population segments of Piping Plovers in eastern Canada.,

1998-2003.
South NS (A, =1.0043) Gulf (A, =0.9651)

Paramerter Sensitivity Elasticity Sensitivity Elasticity
thj 1.0140 0.7398 1.0090 0.7666
D, 0.7970 0.2602 0.9404 02334
I 0.4235 0.2602 0.3212 0.2334
D, =D 0.4918 0.2602 0.6596 0.2334
Vg 0.0748 0.0603 0.0564 0.0497
Vi 0.0545 0.0538 0.0428 0.0436
E 0.0687 0.2602 0.0572 0.2334
h 0.5678 0.2602 0.4400 02334
Age Class Stable Age  Reproductive Stable Age  Reproductive

Distribution  Contribution Distribution  Confribution
Hatch-year (HY) 0.4533 0.1750 0.4921 0.1359
Second-year (SY) 0.1480 0.4120 0.1221 04311
Third-year or older 0.3986 0.4130 0.3858 0.4330
(TY")
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F.10.2 Gratto-Trevor and Abbott 2011

Observed Trend:

Fig. 1. Regional counts from the International Piping Plover (Char-
adrius melodus) Breeding Census during 1991, 1996, 2001, and
2006 (Haig and Plissner 1993; Plissner and Haig 2000a; Haig et al.
2005; Elliott-Smith et al. 2009).
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F.10.3 Haig and Plissner 1993

Observed Trend:

TABLE 5. Changes in numbers of Piping Plovers at specific breeding areas.

% Change % Change

) Date Date 19917 1st est. 2nd esl,
Location Ist est, Ist est.! Ind est, Ind est. Census —1991 -1991
Atlantic Coast
Newfoundland 1968 30 1984 4 7 -T2 +75
Cadden Beach, Nova Scotia 1976 56 1983 28 20 —64 —29
Maine 1976 43 1982 12 38 -21 +217
Rhode Island 1945 80 1983 20 47 —41 +135
Connecticut 1980 40 1983 34 67 +68 +97
Long Island, New York 1939 1,000 1983 200 338 —66 +69
MNew Jersey 1980 118 1983 64 280 +137 +338
Delaware 1978 B0 1984 18 10 — 838 —44
Maryland 1972 B85 1984 25 35 —59 +40
Great Lakes
Michigan 1979 77 1982 14 39 —49 +179
Wisconsin 1900 140 1983 6 1 -89 —83
Northern Great Plains/Prairie
Big Quill Lake, Saskatchewan 1978 210 1984 186 151 —28 -19
Chain Lakes, Alberta 1976 50 n.a. n.a. 9 =72 n.a.
Lake Manitoba, Manitoba 1980 27 1984 9 3 -89 —-67
Lake of the Woods, Minnesota 1982 44 1986 32 13 =70 —59
Niobrara River, Nebraska 1981 92 1985 10d) L0 +20 +10

! Spurces are listed in Haig and Oring (1985),
* Sources are listed in Table 2.
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F.10.4 Hecht and Melvin 2009a

Observed Trend:

Table 1. Number of nonfederal cooperators, total number of sites occupied by United States Atlantic Coast breeding piping plovers, number of sites with
<5 pairs, and percent breeding pairs at sites with =5 pairs, 2002,

No. nonfederal cooperators® No. occupied breeding sites % | . . .
%o breeding pairs at sites
State State agency Local government Private Total With <5 pairs with =35 pairs
ME 2 2 7 20 17 71
NH 1 0 0 2 2 100
MA 2 10 f 109 84 28
RI 1 1 2 13 7 14
CT 1 0 1 8 7 77
NY 2 7 4 84 64 35
NJ 2 3 1 28 18 29
DE 3 0 0 2 2 100
MD 1 0 0 1 0 0
VA 2 0 2 7 1 1
NC 2 1 2 7 6 35
All states 19 24 25 281 208 30

* State and local government agencies, nongovernmental organizations, or private landowners that 1) paid full- or part-time staff to monitor or protect
piping plovers, or 2) contributed funds, equipment, or supplies to on-site protection efforts.



F.10.5 Hecht and Melvin 2009b

Observed Trend:

Table 1. Distribution, population growth (1) 1989-2006, and productivity (chicks fledged per pair), by state and re-
covery units, of breeding pairs of Atlantic Coast Piping Plovers.

Number (%) breeding pairs Number (%) breeding pairs
l&i

RECOVERY UNIT/State 1989 2006 (1989-2006) Overall (range)

EASTERN CANADA 233 ( 24.3) 256 ( 14.6) 1.10 1.61 (0.69-2.10)
Maine 16 ( 1.7) 40 ( 2.3) 2.50 1.65 (0.55-2.50)
New Hampshire 0( 0.0) 3( 0.2 — 1.40 (0.00-2.67)
Massachusetts 137 ( 14.3) 482 ( 27.6) 3.52 1.41 (1.00-2.03)
Rhode Island 19 ( 2.0) 72 ( 4.1) 3.79 1.41 (0.77-2.00)
Connecticut 34 ( 3.6) 37( 2.1) 1.09 1.48 (0.38-2.14)
NEW ENGLAND 206 ( 21.5) 634 ( 36.2) 3.08 1.44 (1.04-1.91)
New York 191 ( 20.0) 422 ( 24.2) 2.21 1.29 (0.80-1.62)
New Jersey 128 ( 13.4) 116 ( 6.6) 0.91 1.00 (0.39-1.40)
NY-NJ REGION 319 ( 33.3) 538 ( 30.8) 1.69 1.18 (0.88-1.49)
Delaware 3( 03) 9( 0.5) 3.00 1.48 (0.50-2.50)
Maryland 20 ( 2.1) 64 ( 3.7) 3.20 1.33 (0.41-2.41)
Virginia 121 ( 12.6) 202 ( 11.6) 1.67 1.35 (0.59-2.23)
North Carolina 55 ( 5.7) 46 ( 2.6) 0.84 0.54 (0.07-0.92)
SOUTHERN REGION 199 ( 20.8) 321 ( 18.4) 1.61 1.19 (0.62-1.95)
U.S.TOTAL 724 ( 75.7) 1,493 ( 85.4) 2.06 1.31 (1.06-1.56)
ATTANTIC COAST TOTAL 957 (100.0) 1,749 (100.0) 1.83 1.35 (1.16-1.54)

A= Nt+ J/NL'

"productivity = chicks fledged per pair.
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Figure 1. Trends in abundance (breeding pairs) and productivity (chicks fledged per pair) for the Atlantic Coast
population of Piping Plovers and individual recovery units established in the U.S. recovery plan for the Atlantic
Coast population of Piping Plovers (U.5. Fish and Wildlife Service 1996). Abundance data are indicated by lines
connecting points, productivity data are indicated by bars. Dashed lines indicate abundance objectives established
for the Atdantic Coast population as a whole and for individual recovery units in the U.S. recovery plan (U.S. Fish
and Wildlife Service 1996). Abundance data are not plotted for Eastern Canada in 1992 and 1993 and for the New
York-New Jersey and Southern recovery units in 1986-1988 because of incomplete census efforts in those vears. Pro-
ductivity data are not plotted in 1986-1997 for Eastern Canada, 1986-87 for New England, 1986-88 for New York-
New Jersey, and 1986-91 for the Southern recovery unit because percent of pairs for which productivity data were
reported was <60%.
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F.10.6 McGowan et al. 2011

Observed Trend:

16 +
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Fig. 2. The simulated percent decline in median abundance at 30 years, relative to
the no-take scenario, under 0% (baseline), 2%, 4%, 6%, 8%, 10%, 12%, and 14% of eggs
incidentally taken for piping plovers in the Great Plains, with low or high adult
survival, and with or without density-dependent juvenile survival.
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F.10.7 Plissner and Haig 2000b

Observed Trend:

Table 3
Results of Great Lakes/Great Plains/Prairie baseline model
Population
Metapopulation  Great Lakes Manitoba and N. Missouri River  Nebraska Colorado
Lake of the Woods and Coteau rivers
Baseline model
Probability of survival for 100 years (SE)  0.002 (0.002) 0 0 0.002 (0.002) 0 0
Mean final population size * (SE) 18 (0) 0 0 18(() 0 0
Mean years to first extinction ® (SE) 55.39 (0.56) 30.64 (0.75)  32.27 (0.44) 5115 (0.56) 46.71 (0.52)  22.05 (0.39
Population growth rate (r) 0.136 0.103 0.115 0.142 0.113 0.091

4 For populations persisting 100 years.
b For populations going extinct.

Table 4

Results of Atlantic Coast piping plover metapopulation models

Population

Atlantic metapopulation

Atlantic Canada

New England

Mid-Atlantic

Southern Region

Baseline model

Probability of survival for 100 years
Mean final extant population size +8E)
Population growth rate (r)

Fecundity = 1.25 fledeed/vear

Probability of survival for 100 years
Mean final extant population size (+ SE)
Population growth rate (r)

1.000
2172+6.19
0.073

1.000
2571 +29.07
0.023

1.000
579+ 8.28
0.032

1.000
547+ 8.85
0.022

1.000
1159 +781
0.126

1.000
751 £ 14.68
0.010

1.000
367+9.11
0.006

1.000
741 £13.89
0.014

0.996
68 +2.25
0.015

1.000
532+9.55
0.021
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Fig. 2. Probability of Great Lakes/Great Plains piping plover metapopulation persistence relative to mean number of offspring fledged per pair.
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Table 5

Persistence and size of Great Lakes/Great Plains populations at reproductive success (RS)=1.7 and RS=2.0

RS =1.7 fledged per pair

RS =2.0 fledged per pair

Population Probability of survival for Mean final Probability of survival Mean final
100 years (SE) population size® (SE) for 100 years (SE) population size? (SE)
Metapopulation 0.958 (0.009) 694.84 (40.35) 0.998 (0.002) 2398.77 (72.91)

Great Lakes

Manitoba and Lake of the Woods
Missourt Raver/Coteau
Platte River, NE

Colorado

0.328 (0.021)
0.870 (0.015)
0.904 (0.013)
0.884 (0.014)
0.758 (0.019)

84.73 (7.02)
104.08 (3.95)
417.23 (34.69)
171.88 (7.32)
23.44 (0.64)

0.798 (0.018)
0.996 (0.003)
0.998 (0.002)
0.998 {0.002)
0.982 (0.006)

181.01 (5.00)
185.10 (3.26)
1671.19 (66.91)
366.43 (6.60)
32.06 (0.44)

4 For populations persisting 100 years.
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F.10.8 Haig et al. 2005
Observed Trend:

Table 3. Piping plovers recordad and census effort for the 2001 intarnational piping plover breeding census.

% of % of
State/Province Adults  census  region Pairs  Sites®  KmP Observers?  Coordinator(s)
Prairie Canada and
U.S. Northern Great Plains 2,953 49.7 nfac 1,291 958 6,235 414
Prairie Canada a72 16.3 329 202 424 3,506 240
Albarta 150 25 5.1 72 115 905 66 D. Prescott
Saskatchewan 805 135 27.3 313 282 2 552 165 L. Dunlop
Manitoba 16 0.3 05 7 23 a7 7 K. Da Smat
Ontario {Lake of Woods) 1 0.0 0.0 ] 4 12 2 L. Heyens/S.Jones
U.5. Northern Great Plains 1,081 33.3 67.1 200 534 2,720 174
Minnesota {Lake of Woods) 7 0.1 0.2 3 4 10 2 K. Haws
Montana 137 23 46 57 64 434 2 L. Hanebury
Missouri River 7d niac n/ac ad ad 19 n/ac
Morth Dakota 1,112 18.7 w7 522 245 g0z 51 K. Krail
Missouri River B4ad n/at rvat 208f  {1gd 368 nat
South Dakota 200 B.6 13.2 172 77 178 22 M. McPhillips
Missouri River 3agd nfa® vac 1724 &7d 1369  nat
Nebraska 208 5.2 10.4 133 117 1,084 44 J. Dinan
Missouri River gd n/at rvac at ad 19 nat
Missouri River: MT, ND, 3D 1,048d 17.6¢ 35.5d 4769 1god 1744 28 . Kruse/G. Pavelka
lowa 11 0.2 0.4 5 2 2 Z D. Howell
Kansas 3 0.1 0.1 2 1 2 3 D. Mulhem
Colorado 13 0.2 0.4 5 23 123 1 J.¥ost/D. Nelson
Great Lakes 72 1.2 n/a® 29 108 361 T
Canada {Ontario) 1 0.0 14 ] 33 114 18 L. Heyens/S.Jones
United States 71 1.2 08.6 20 75 247 53 J. Dingleding
Michigan 65 1.1 00.3 27 58 166 24 F. Cuthbert
Wisconsin & 0.1 8.3 2 a 29 16 J. Trick
IL/IN/OHPANY 0 0.0 0.0 0 ] 52 13 J. Dingledine
Atlantic 2,920 494 nja® 1,427 826 2,098 492
St. Piama and Miquelon France g 0.2 0.3 4 4 20 3 A. Etchebarry
Eastern Canada 481 8.1 165 240 350 936 206
Newloundiand 39 0.7 1.3 23 39 73 26 J. Brazil
Quebsc 70 1.2 24 a5 40 213 a0 F. Shaffer
Prince Edward Island 112 1.9 a8 54 ar 188 50 J. Waddell
New Brunswick 167 28 57 g3 6 303 a0 D. Amirault
Nova Scotia a3 1.6 3.2 45 118 150 43 P Mills/a. Bond
LS. Atlantic 2430 40.9 g3.2 1,183 472 1,142 283
Maine 96 1.6 3.3 48 32 48 19 J. Jones
New Hampshire 14 0.2 05 7 2 2 5 C. Dudlay
Massachusetts 052 16.2 32.9 431 161 nre 105 5. Malvin
Rhade Island 93 1.6 3.2 45 19 28 7 . Raithel
Connacticut 45 0.8 1.5 23 i 25 B J. Victoria
New York 624 10.5 2.4 209 119 314 29 M. Gibbons
New Jersay 228 38 IR:] 109 44 127 36 D. Jenkins/T.Pover
Delaware 10 0.2 0.3 5 13 24 Z A. Doalittls
Maryland 112 1.0 38 28 3 46 10 [. Brinker
Virginia 108 3.3 6.8 106 23 104 26 R. Boattcher
Morth Carolina 48 0.8 1.6 2 28 327 ar D. Allen
South Carolina U] 0.0 0.0 0 1 nr.2 1 T. Murphy
Totals
United States 4492 754  nlac 2111 1,081 4118 510
Canada 1,454 245 nlac 632 807 4 556 484
France g 0.2 nfac 4 4 20 3
Grand total 5,045 nvac n/ac 2747 1,802 8,604 a77

B 52 additional sites were not officially ground surveyed due to lack of habitat and/or access.
b Numbers reported serve as minimum estimates. Not all obsarvers included this information.
© nfa = not applicable.

d Subiotals for reference only. Missouri River results by state are included in state results.

® n.r. = not reported.
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Table 4. Adult piping plovers recordad in the 1991, 1998, and 2001 intermational piping plover breeding censuses.

Adults % change % changa
State/Province 1004 1008 2001 (1991-2001) {1006—2001)
MNorthern Great Plains/Prairies 3,469 3,286 2,953 -14.9 —-10.1
Prairie Canada 1,437 1,687 arz —324 —42.4
Alberta 180 276 150 -18.7 457
Saskatchewan 1,172 1,348 a0s -313 —40.3
Manitoba 80 60 18 —-80.0 —-73.3
Cntario 5 3 1 —-80.0 667
U.S. Northern Graeat Plains 2,032 1,500 1,981 -25 239
Minnesaota 13 10 7 46.2 -320.0
Montana 308 153 137 -55.5 -10.5
Missouri River 262 248 7e niaP niab
Morth Dakota 992 1,004 1,112 12.1 10.8
Missouri River ao7e 1252 5432 n/al n/al
South Dakota 205 20 390 322 12448
Missouri River 2gpsf 2029 3aQe nfab vaP
Mabraska 308 375 208 298 -17.9
Missouri River vl o ge n/al n/aP
Missouri River (MT, ND, SD, NE) g25e 187e 1,04pe 67.7 480.4
lowa 12 14 1 154 214
Kansas o 1 3 200.0 200.0
Colorado 12 12 13 0.0 0.0
Oklahoma ] ns@ ns.2 n/ab n/ab
Great Lakes 40 48 72 80.0 50.0
Canada (Onfario) 1] 1 1 100.0 0.0
United States 40 47 71 775 51.1
Michigan 29 47 65 66.7 383
Wisconsin 1 li] B 500.0 600.0
ILAM/OHPANY n.sa n.s2 0 nfab nvab
Atlantic 1,845 2 597 20820 s 12.4
St. Pieme and Miguelon (Franca) 4 6 a 125.0 50.0
Eastern Canada 500 422 481 -55 14.0
Mewfoundland 7 27 39 457.1 44.4
Cuebec 76 104 70 79 327
Prince Edward Island 110 66 112 1.8 69.7
Mew Brunswick 203 146 167 7.7 14.4
Mova Scotia 113 79 a3 7.7 17.7
U.S. Atlantic 1,462 2,160 2430 66.2 12.0
Maine 28 114 08 1528 -15.8
Mew Hampshira n.s@ n.s.2 14 niab n/ab
Massachusetts 203 877 082 2983 o7
Rhode Island a7 o a3 979 22
Connacticut 67 42 45 -328 7.1
Mew York 3345 493 624 86.8 26.6
MNew Jersey 280 pord 228 -186 1.3
Dalaware 10 g 10 0.0 25.0
Maryland 35 ™ 112 220.0 231
Virginia 270 155 198 -28.7 277
Morth Carolina 86 73 48 —449 342
South Caraolina 2 o 0 —100.0 0.0
Totals
us. 3,524 3815 4482 26.8 17.5
Canada 1,946 2110 1,454 -25.3 -311
France 4 [ a 125.0 50.0
Grand total 5484 5931 5,045 8.4 0.2

& n.s. = mot surveayad.
b n'a = not applicable.

¢ Adjusted 1901 Mew York tally dus to provious arror (orginally reported as n = 338; roevised n = 334).
d Adjusted 1996 New Jersay tally due to pravious ermor (onginally reported as n = 209; revised n = 225).

# Subtotals for reference only. Missouri River results by state are included in state results.

 Adjusted 1991 South Dakota tally due to previcus emor (criginally reported as n = 290; revised n = 282).
B Adjusted 1996 South Dakota tally due to previous armor {onginally reported as n = 27;revised n = 29).
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Fig. 2. Changes in breaeding distribution and abundance in piping plovers as recorded in inter-
national cansuses in 1991, 1996, and 2001.
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1974

Observed Trend:

F.10.9 Haig and Oring 1985

TaBLE 5. Documentation of Piping Plover decline throughout North America (values represent number of adults).
Date Date
1st 1st 2nd 2nd %

Location estimate  estimate Source estimate estimate  decline Source
Connecticut 1980 40 Cairns/McLaren 1980 1983 34 15 J. Zickefoose?
Delaware 1978 80 L. Master/T. French* 1984 18 78 Sidle 1984
Illinois 1876 250 Russell 1983 1983 0 100 Russell 1983
Indiana 1900 100 Russell 1983 1983 0 100 Russell 1983
Lake Manitoba, Manitoba 1980 27 R. Phillips®* 1984 9 67 Haig 1985
Maryland 1972 85 Cairns/McLaren 1980 1984 25 71 Sidle 1984
Maine 1976 48 J. Arbuckle® 1982 12 75 Sidle 1984
Michigan 1979 77 Lambert/Ratcliff 1981 1982 14 82 Russell 1983
Newfoundland 1980 20-30 Cairns/McLaren 1980 1984 4 80-87 J. Brazil*

New Hampshire 1958 25 L. Master/T. French? 1976 0 100 Master /French?
New Jersey 1980 118 A. Galli 1983 64 46 A. Galli®

Cadden Beach, Nova Scotia 1976 56 Cairns 1982 1983 28 50 Flemming 1984
Lake Ontario, New York 1935 54 Bull 1974 1974 0 100 Bull 1974

Long Island, New York 1939 1000 Wilcox 1959 1983 200 80 Sidle 1984

Ohio 1935 50 Hicks 1935 1940 0 100 Russell 1983
Long Point, Ontario 1927 200 Snyder 1927 1983 0 100 A. Lambert*
Pennsylvania 1940 30 Todd 1940 1964 0 100 Poole 1964
Magdalen Is., Quebec 1973 100 McNeil et al. 1973 1983 40 60 B. Johnson®
Rhode Island 1945 80 C. Raithel® 1983 20 75 C. Raithel

Big Quill Lake, Sask. 1978 126 Renaud 1979 (60% lake) 1984 149 11 Harris et al. (80%)
Middle Quill Lake, Sask. 1978 19 Renaud 1979 1984 4 79 Harris et al. 1985
Wisconsin 1900 140 Russell 1983 1983 6 96 Russell 1983

* Pers. comm.



TaBLE 6. Reproductive success of Piping Plovers nesting throughout North America.

No.
pairs No. chicks
moni-  fledge per
Location Year tored pair per year Source
Maine 1981 10 0.9 J. Arbuckle®
1982 10 1.8
1983 6 1.2
Manitoba 1982 8 0.3 Haig 1985
1983 8 1.1
1984 24 1.3
Minnesota 1982 15 1.7 Wiens and Cuthbert 1984
1983 21 2.1
1984 24 1.3
New Brunswick 1982 11 2.4% DuBois and Morgan 1982
New Jersey 1980 59 1.4 A. Galli*
1983 32 1.2
Nova Scotia 1976 30 1.3-2.1 Cairns 1982
1983 62 1.2 Flemming 1984
Rhode Island 1981 14 0.6 C. Raithel?
1982 10 0.6
1983 11 1.4
Saskatchewan 1980 9 1.1 A. Whyte?
1981 15 0.4

» Pers. comm.
b Mean brood size.

TaBLE 7. Causes of Piping Plover nest losses in Manitoba, Minnesota, and Nova Scotia
(values show source of destruction/total nests destroyed).

Lake Manitoba Lake of the Woods Cadden Beach

Manitoba? Minnesota® Nova Scotia®
Predators 27% 48-70% 8.5%
Storms 45% 19-30% 0.0%
Humans 27% B-14% 4.4%
Unknown 1% 4-19% 837.1%

3 Haig 1985 (B81.5% of all nests destroyed).
* Wiens and Cuthbert 1984.
¢ Cairns 1982.
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F.10.10 Plissner and Haig 2000a

Observed Trend:

Table 3
Results of Great Lakes/Great Plains/Prairie baseline model
Population
Metapopulation Great Lakes Manitoba and N. Missour: River  Nebraska Colorado
Lake of the Woods and Coteaun rivers
Baseline model
Probability of survival for 100 years (SE)  0.002 (0.002) 0 0 0.002 (0.002) 0 0
Mean final population size ® (SE) 18 {0) 0 0 18(0) 0 0
Mean years to first extinction ? (SE) 55.39(0.56) 30064 (0.75)  32.27 (0.44) 51.15 (0.56) 46.71 (0.52) 2205 (0.39
Population growth rate (r) 0.136 0.103 0.115 0.142 0.113 0.091

* For populations persisting 100 years.
b For populations going extinct.

Table 4

Results of Atlantic Coast piping plover metapopulation models

Population

Atlantic metapopulation

Atlantic Canada

New England

Mid-Atlantic

Southern Region

Baseline model

Probability of survival for 100 years
Mean final extant population size +SE)
Population growth rate (r)

Fecundity = 1.25 fledeed/vear

Probability of survival for 100 years
Mean final extant population size (+ SE)
Population growth rate (r)

1.000
2172+£6.19
0.073

1.000
2571 +£29.07
0.023

1.000
579+ 8.28
0.032

1.000
547+ 8.85
0.022

1.000
1159 +7.81
0.126

1.000
751+ 14.68
0.010

1.000
367+9.11
0.006

1.000
741 +£13.89
0.014

0.996
68 +£2.25
0.015

1.000
532+9.55
0.021




Table 5
Persistence and size of Great Lakes/Great Plains populations at reproductive success (R8)=1.7 and RS=2.0

RS = 1.7 fledged per pair RS =2.0 fledged per pair

7974

Population Probability of survival for Mean final Probability of survival Mean final
100 years (SE) population size* (SE) for 100 years (SE) population size® (SE)
Metapopulation 0.958 (0.009) 694 84 (40.35) 0.998 (0.002) 2398.77 (72.91)

Great Lakes

Manitoba and Lake of the Woods
Missourt Raver/Coteau
Platte River, NE

Colorado

0.328 {0.021)
0.870 (0.015)
0.904 {0.013)
0.884 {0.014)
0.758 (0.019)

84.73 (7.02)
104.08 (3.95)
417.23 (34.69)
171.88 (7.32)
23.44 (0.64)

0.798 (0.018)
0.996 (0.003)
0.998 (0.002)
0.998 (0.002)
0.982 (0.006)

181.01 (5.00)
185.10 (3.26)
1671.19 (66.91)
366.43 (6.60)
32.06 (0.44)

4 For populations persisting 100 years.
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Fig. 2. Probability of Great Lakes/Great Plains piping plover metapopulation persistence relative to mean number of offspring fledged per pair.
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Fig. 3. Probability of Great Lakes/Great Plains piping plover metapopulation persistence as an effect of a 10% increase over baseline adults and jor

juvenile survivorship.

Table 6
Connectivity and persistence of Atlantic and Great Lakes/Great Plains
metapopulations
Atlantic Great Lakes/Great Plains
Interpopulation  P.*® Nu? P2 Nigo® Toi®
dispersal rates (n) (SE) (n) (SE)
No dispersal 1.000 1676 0.186 70.94 69.73
i(16) (0.017) (93) (0.82)
Baseline rates 1.000 2172 0.014 32 54.17
(16) (0.003) (7) (0.58)
2« Baseline 1.000 2483 0.016 2588 46.62
(17 (0.006) (8) (0.54)
10 Baseline 1.000 3209 0.010 13.80 37.68
(22 (0.004) (5) (0.57)

* Probability of

survival for 100 years (SE).

b Mean final population size of n populations (out of 500 runs)
persisting 100 years.
¢ Mean time to first extinction for populations going extinct at least

once during runs.
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F.10.11 Roche et al. 2010c

Observed Trend:

0.9
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Figure 2. Annual adult apparent survival (Papy) of piping plover
populations in North America (1998-2008) using Atlantic Coast
nonbreeding habitat based on real parameter estimates generated by model
{® [(BOL,PC,LD,MR)*t],[(AC,GL,NY)+t], p(reduced)} is represented by
thick lines. Vertical dashed lines represent the associated 95% confidence
intervals. Dots represent raw survival estimates generated from the fully
temporal model [® (breeding®), p(top)]. Populations using Atlantic Coast
nonbreeding habitat were Atlantic Canada (AC), Great Lakes (GL), and
Long Island, New York (NY). Populations using Gulf Coast nonbreeding
habitat were Big Quill Lake, Prairie Coteau, Lake Diefenbaker, and

Missourt River.
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Figure 3. Annual adult apparent survival (@apry) of piping plover
populations in North America (1998-2008) using Gulf Coast nonbreeding
habitat based on real parameter estimates generated by model {®
[(BOL,PC,LD,MR)+t],[(AC,GL,NY)*t] ,p(reduced)} is represented by
thick lines. Vertical dashed lines represent the associated 95% confidence
intervals. Dots represent raw survival estimates generated from the fully
temporal model [® (breeding®t), p(reduced)]. Populations using Atlantic
Coast nonbreeding habitat were Atlantic Canada, Great Lakes, and Long
Island, New York. Populations using Gulf Coast nonbreeding habitat were
Big Quill Lake (BQL), Prairie Coteau (PC), Lake Diefenbaker (LD),
Missouri River (MR).
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F.10.12 Ryan et al. 1993

Observed Trend:
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Figure 1. Comparison of count data and simulated
population size of the Great Plains Piping Plover.
Solid lines represent count data (corrected from Haig
1992); upper line = maximum estimate, lower line
= minimum estimate. Population simulations are
represented by open circles = [immature survival =
0.7 (adult survival)]; closed circles = [immature
survival = 0.8 (adult survival)]; open triangles =
[immature survival = 0.9 (adult survival)]; closed
squares = [immature survival = adult survival].
See Table 1 for survival and reproductive rate data.

Table 3. The effect of population growth rate and management
delays on Piping Plover population growth to recovery levels.

Projected Population Years to
Management  population  growth recovery (95%
initiation year size” rate confidence limit)
Immediate 1500 2% 30 (26-34)
Immediate 1500 1% 51(37-61)
Delay 1 year 1386 1% 64 (47-94)
Delay 5 years 1010 1% 118(88-144)

@ Based on simulations under recent demographic conditions (with
immature survival = 0.60), see Table 1 for data
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F.10.13 Aron 2005

Observed Trend:
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F.10.14 Cohen et al. 2006

Observed Trend:
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F.10.15 Cohen and Gratto-Trevor 2011

Study Design:
Table 5. Productivity (fledglings/nesting pair) of Piping Plovers in various study areas in Saskatchewan,
2002-2009.
No. No. Fledglings/
Site Year  birds nests pair Source
Lake Chaplin 2002 71 36 0.7 White 2005a
2003 148 41 0.7 White 2005a
2004 144 75 0.9 White 2005a
2005 200 123 1.2 Martens and Goossen 2008
Lake Diefenbaker 2002 257 138 1.0¢7 J. P. Goossen and S. M. Westworth, unpubl. data
2003 164 a5 1.4 J. 2. Goossen and S. M. Westworth, unpubl. data
2004 185 97 1.3 J. P Goossen and S. M. Westworth, unpubl. data
2005 251 115 0.5 White 2005b
2006 162 84 0.9 White 2009
2007 134 83 0.5 White 2009
2008 154 89 0.2 White 2009
2009 88 73 1.9 White 2009
Missouri Coteau® 2002 98 55 0.7 This study
2003 148 66 0.8 This study
2004 152 57 0.8 This study
2005 150 54 0.9 This study
2006 140 36 1.2 This study
2007 - - -
2008 - - 0.4 S. Westworth, pers. comm.
Big Quill Lake® 2002 64 30 1.1 This study
2003 88 33 1.8 This study
2004 104 43 0.8 This study
2005 128 40 1.2 This study
2006 118 359 0.2 This study
2007 - - 0.1 This study
2008 - - 0 This study
2009 - - 0 This study

“Includes captive-reared fledged chicks.
"Intensive study areas only.
“Fledging rate assumed to be zero because no breeding habitat remained around flooded lake.
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F.10.16 Maxson and Haws 2000

Observed Trend:

Piping Plover populations at LOTW have
gradually declined from peak levels during
1982-1985, despite rather intensive manage-
ment efforts, particularly since 1990. There
does not appear to be any single cause for
this decline at the local level. Instead, Piping
Plovers face a variety of problems (e.g., pred-
ators, fluctuating lake levels, weather, habitat
degradation and loss, competition with gulls
for nesting areas) and a unique mix of cir-
cumstances each year. For example, in 1988
water levels were very low, creating excellent
habitat conditions, but the failure to trap
one mink (four others were removed) and
the subsequent predation on plover eggs
and chicks (likely by this mink), led to low-
ered reproductive success. In contrast, 1989
had very high water levels, leading to poor
habitat conditions and extensive erosion.

F.11 Detection Probabilities

F.11.1 Shaffer et al. 2013

Nest Detection:

i Study No. No. D ?a;? C ?"Ed% 3 Visits 7 Visits
SPECIES prea Year Opportunities  Detections F'rztfa b:ﬁ; T:t; rizfe
LETE GRR 2006 241 117 0.43 0.42-055  0.86 0.99
LETE GRR 2007 227 107 0.47 0.41-054  0.85 0.99
LETE GVP 2008 436 194 0.44 0.40-049  0.83 0.98
LETE GVP 2009 290 136 0.47 0.41-053  0.85 0.99
PIPL GRR 2006 366 237 0.65 0.60-070  0.96 1.00
PIPL GRR 2007 411 205 0.50 0.45-055  0.87 0.99
PIPL GVP 2008 572 237 0.41 0.37-045  0.80 0.98
PIPL GVP 2009 314 194 0.62 0.56—0.67  0.94 1.00
PIPL SAK 2007 202 107 053 0.46-0.60  0.90 0.99
PIPL SAK 2008 167 86 051 0.44-059  0.89 0.99
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Chick Detection:

Table 26. Average number of attempts to relocate a fledging-
age chick (14-18 days for terns, 1825 days for plovers), and the
estimated detection probability from simulation by species and

study area.

[Detection probability values and confidence intervals interpolated from
table 35. LETE. least tem; PIPL., piping plover; GRE., Gamison River
Reach; GVP, Gavins Point River Reach; SAK, Lake Sakakawea; WA not

applicabla]
. 95-percent
Species Sﬂt::e? Year Attempts p[::::nt ::,:;_ cqnl‘:i dence
interval

LETE GRE. 2006 233 054 0.47-0.61
LETE GRER. 2007 1.97 050 0.43-0.57
LETE GVP 2008 246 040 0.46-0.53
LETE GVP 2009 1.98 042 0.39-0.46
PIPL GRE. 2006 NA NA NA
PIPL GRER. 2007 254 0.86 0.84-0.89
PIPL GVP 2008 245 0.70 0.67-0.73
PIPL GVP 2009 454 0.80 0.78-0.82
PIPL SAK 2007 338 0.9 0.99-0 99
PIPL SAK 2008 3N 0.9 0.99-0 99
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Appendix G

Images Enlarged from Tern Literature Review Table

G.1 Reproductive Success

G.1.1 Akcakaya et al. 2003

Fledglings per Nest or Number of Adult Pairs:
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Fig. 3. Frequency distribution of fledglings per pair for all pop-
ulations of California least tern in California, USA, and Baja
California, Mexico, from 1971 to 1998 combined. Each x-value
is the upper limit of the class represented by the vertical bar
for that value; thus, all data in the “0.0” class is exactly zero.
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Fig. 4. Number of fledglings per pair of California least tern in
year t, in the North San Diego population (California, USA), as
a function of the adult survival rate from year t—1 to tin Camp
Pendieton (which is part of this population) for years
1988-1994. The coefficient of correlation is =0.12 (SE = 0.44).

1.0 1
0.9 -
0.8 1

Caorrelation of fertility

0 100 200 300 400 500 600 700 800
Distance between populations (km)

Fig. 7. Correlation in the number of fledglings per pair between
populations of California least tern. The points show the
observed correlation among several populations with com-
plete data sets. The curves show the low (dashed), medium
(solid), and high (dotted) correlation-distance functions used
in our model.
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G.1.2 Bailey and Servello 2008

Fledglings per Nest or Number of Adult Pairs:
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Figure 1. Resighting probabilities (p and 95% CI) for

banded Least Tern fledglings for 30 survey dates (29 re-
sighting intervals) at Crescent Surf-Laudholm Beach in

2002.

Sample Size — Years — Design — Strata:

Table 1. Chick survival estimates for three Least Tern breeding colonies in Maine, 2002-2003.

Chick survival (d) based on mark-
resighting analyses

Proportion of banded

Number chicks resighted as Daily 21-d
Colony of chicks banded ﬂedglings' (d + SE) chick period
Crescent Surf-Laudholm Beach 96 0.74 0.9864 + 0.0069 0.73
Higgins Beach 62 0.71 0.9855 + 0.0042 0.74
Crescent Surf Beach 53 0.15 0.9008 + 0.0148 0.14

'Chicks were classified as fledglings when age was 221 d.
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G.1.3 Brooks et al. 2013

Nest Fates:
I Predation | | Unknown  EX%5 Fail to hatch
Overwash |, Abandoned [\ . Other
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Figure 2. Cause of nest loss for Least Terns (Sternula
antillarum) in Cape Romain National Wildlife Refuge,
South Carolina, 2009-2010.
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G.1.4 Brunton 1997
Nest Success — Nest Fate — Fledglings per Nest or Number of Adult Pairs:

TABLE 1. Hatching and fledging success, and causes of nest failure within regions of the colony during 1987
and 1988.

1987 1988
Edge Center Total Edge Center Total
Hatching success
# Bggs hatched/nest
x 1.39 1.28 1.31 0.77 0.80 0.79
SD 0.08 0.07 0.08 0.08 0.07 0.07
Fledging success
# Chicks hatched/nest
i 0.94 0.41 0.57 0.12 0.01 0.06
SD 0.08 0.09 0.08 0.07 0.09 0.08
95% CI* 0.85-0.95 0.37-045 055057 0.09-0.17 0.00-0.02 0.04-0.08
{Total # chicks) (136-152) (142-174)  (298-310) (21-42) (1-9) (24—-49)
Causes of failure
Herons 1 46 47 75 204 279
(%) (32.9) (73.8)
Crows 7 0 7 39 2 41
(%) (4.9) . (10.8)
Human 2 10 12 0 0 0
(%) (8.4) 0.y
Tides 7 0 7 1 0 i
(%) (4.9) (0.3)
Abandoned 24 22 46 11 16 27
(%) (32.2) (7.1)
Unknown 5 19 24 13 17 30
(%) (16.8) (7.9
Total failed nests 46 97 143 139 239 378
(% of each region) (28.6) (25.3) (26.2) (57.2) (65.8) (62.4)
Number of nests 161 384 545 243 363 606

* Confidence limits for proportions (Fisher and Yates 1963).
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G.1.5 Conway et al. 2003

Nest Initiation:
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Figure 1. Chronology of occurrence and nest initiation (% of total number for each
category) for interior least terns nesting in the Prairie Dog Town Fork of the Red River
in Childress County, Texas, 1998.

Nest Success — Nest Fate:

Table 1. Nesting parameters of interior least terns nesting in the Prairie Dog Town Fork of
the Red River in Childress County, Texas, 1998.

'Nesting parameters : _ : Least tern nests
Total number of nests (n) ' ' | 20
Successful nests (n) _ 13
Abandoned nests (n) _ - 2
Nests with unknown status (n) _ 5
Raw nest success (%) _ 65
Mayfield estimate (%) 70.7
Clutch (x)} 2.25
Range 1-3
Nests located on gravel substrate (n) 5
Nests located on sand substrate (n) ' 15

- Nest dimensions (north to south) (cm) (x) i : 9.7
Nest dimensions (east to west) (cm) (x) 10.2

. Nest depth (from nest rim to nest bowl bottom) (cm) (.r) _ 1.9
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G.1.6 Dugger et al. 2002

Fledglings per Nest or Number of Adult Pairs:

Table I. Estimates of least tern reproduction on the LMR from colonies adjacent to
Missouri during 1986-1993 (1986-1989; data from Smith and Renken, 1993)

Year No. pairs No. fledglings Chicks/pair  Fledglings/pair
1986 275 141 1.01 0.5
1987 208 210 1.70 0.7
1988 277 392 1.68 14
1989 499 96 0.73 0.2
1990 706 334 0.75 0.5
1991 1135 836 1.07 0.7
1992 587 342 0.61 0.6
Mean (S.E.) 540 (117.9) 336 (93.2) 1.09 (0.17) 0.58 (0.15)
14+ * 1938
12 +
i+
k|
a
%08+
E
% 06 e
20
04 4
024
1993
0 + } + t t y } t ¢
13 T4 75 76 7 718 79 80 81 82

Maximum Water Elevation in July (m above sea level)

Figure 3. The relationship between July maximum river elevation from the LMR at Caruthersville, MO and estimates of the number
of fledglings/pair for tern colonies between Rkm 1521 and 1334 during 1986—-1993
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Sample Size — Years — Design — Strata:
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Figure 1. The relationship between tern reproductive chronology and the long-term annual hydrograph (1943—1995) (see Tibbs and
Galat, 1998) with monthly mean, minimum and maximum river elevations for the LMR at Caruthersville, MO; Rkm 1362

G.1.7 Dugger et al. 2000

Fledglings per Nest or Number of Adult Pairs:

TaBLE 3. Fledging success of Interior Least Terns reported as mean number of fledglings

per breeding pair (FL/PR).

Site FL/PR  Range (n)? Source
Missouri River (Montana) 0.7 — Rabenburg et al. (1993)
Fort Peck Reservoir 1.3 — Rabenburg et al. (1993)
Yellowstone Reservoir 0.2 — Rabenburg et al. (1993)
North Dakota 0.6 0.4-0.9 (4) Mayer (1993)
Missouri River® (South Dakota) 0.4 0.2-0.7 (6) Schwalbach et al. (1993)
Missouri Rivert (South Dakota) 0.4 0.1-0.6 (6) Schwalbach et al. (1993)
Cimarron River (Kansas) 0.5 0.0-1.4 (23) Boyd (1993)
Lower Mississippi River (Missouri) 0.7 0.2-1.4 (7) Dugger (1997)
Lower Mississippi River (Missouri) 0.85 0.7-1.0 (2) This Study

2 Refers to number of years or sites in average.
b Below Gavins Point D

elow Gavins Point Dam.
¢ Below Fort Randall.
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G.1.8 Elliott et al. 2007

Nest Initiation:

Nest Success — Nest Fate:

Table 1. Mean nest initiation dates for the Alameda
Point Least Tern colony from 2000-2004.

Year Mean nest initiation date = SD N

2000 5 June + 13 312
2001 22 May + 10 275
2002 24 May + 10 326
2003 28 May + 15 368
2004 26 May + 15 440

Table 2. Clutch sizes and egg fates for the Alameda Point Least Tern colony from 2000-2004.

Year

2000 2001 2002 2003 2004
(A) Clutch size (% nests)
legg 55 (17.6) 17 (6.2) 40 (12) 68 (18.5) 148 (33.6)
2-eggs 251 (80.4) 247 (89.8) 267 (82) 287 (78.0) 281 (63.9)
3-egas 6 (2.0) 11 (4.0) 18 (5) 13 (3.5) 10 (2.3)
d-eggs 0 0 0 0 1(0.2)
b-eggs 0 0 1(1) 0 0
Mean = SD (N) 1.84 + 0.41 1.98 = 0.32 1.93 £ 0.42 1.85 = 0.45 1.69 £ 0.52
(312) (275) (325)* (368) (440)
(B) Egg fates (% eggs)
hatched 360 (62.6) 489 (89.9) 435 (68.7) 516 (75.8) 554 (74.6)
failed to hatch 105 (18.3) 28 (5.1) 56 (8.8) 75 (11.0) 63 (8.5)
abandoned 19 (3.3) 7(1.3) 30 (4.7) 63 (9.2) 78 (10.5)
depredated 11 (1.9) 1(0.2) 44 (7.0) 0 1(0.1)
died while hatching 1(0.2) 0 0 0 1(0.1)
unknown 79 (13.7) 19 (3.5) 64 (10.1) 25 (3.7) 46 (6.2)
unknown if attended” 0 0 4 (0.6) 0 0
incidental take 0 0 0 2 (0.3) 0
TOTAL 575 544 633 681 743
Mean hatching success =SD  0.67 £ 0.39 0.89 £ 0.26 0.67 + 0.42 0.70 £ 0.43 0.70 £ 0.43
(N) (284) (275) (326) (368) (440)

*Results do not include the 5-egg clutch.

"Undetermined if nest was attended during 21 day incubation period; egg did not hatch.
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Fledglings per Nest or Number of Adult Pairs:
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Figure 3. Breeding success (fledglings / breeding pair)
of the Alameda Point Least Tern colony from 1976-
2004. (* = El Nino years. Years of important site changes
are noted: 1981 = electric fence was erected; 1997 = Na-
val Air Station closure; 2004 = chain link fence erected.)
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Figure 4. Frequency distribution of breeding success
(fledglings/breeding pair) at the Alameda Point Least
Tern colony from 1976-2004. (Note: the solid line repre-
sents the mean, and the dashed lines represent = 1 SD
of the mean.)
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G.1.9 Fancher 1992

Fledglings per Nest or Number of Adult Pairs — Sample Size — Years — Design:

mated, numbers here represent averages.
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Santa Ynez River - ) WA 00D BN MO V) BE) - - WO M) @D 9E
b SRR STEESEFEE U - LRt e

Ventura

> e 1312) I-ﬁ;; 13014 23(29) 1;(:3; :g; 6 120 KO 3000 3@ 6@ 2709

n 13 PR R " - - b

Point Mugu MO - 2O - . BO 2 BEO O S 26 Way D o
‘enice Beach 68(75) 88(140) 158(240) 1

mm 28(30) 12(251) it Is;:l(l(nm) nf(mz 14.':(“0_) u_m? y?(m_) 101(113_) w?(n-) 16_:-,“92_} 137(134) 206279)
Costa del Sol DDoL DD BMm s MO nim) 0(63) ME) 40 () SO 196 2y
San Gabriel River P RGN N QY MBS R0 4@ - - - L L EEE

BN Tl S ezl Ve g -y - ST STEN RS 0T o o 2o

Orange County

Ansheim Bay s 60 414 4200 192 4@ 2

. ) 20 (3) 41(81) 6%(103) 83
Bolsa Chica ¥ © BAH 63Q0) 0 MIMSH 10360 11165 8@ 8063 B gm A ;ﬁﬁgg

Huntington Beach St Pk 83(100) 88(9%0) 80 (85) 113(168) 98(50) 88(60) T0(20) 45(42) 69(34) 38 (9 B6@3) 70 (5) 46(18)

Upper Newport Ba: 9
1 @ 7m 4@ - '@ 6O - - 20 403 TGS UEGH NES)
* Multiple seating arems wese combined.

Table 1. California least tern breeding colonies (cont.)

Colony 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

San Diego County
White Beach - = 15(® 7(22) 230(100 1 () 12(9) 12@® T(11) 4 (0 - - - - 120149 20(21)
Sta Margarita River* 35 (B) 36(22) 56 (4) 80(50) 131(50) 237(91) 234(113) 197(108) 163(220) 192 (60) 246(387) 151(67) 293(306)
Buene Vista Lagoon = &7 A NTENEGEIE SR s - »~ S°A@® -« ‘- = ¥H - -
Agua Hedionda DM ! DSOS BREERS RN Y F 2 - £ 2 Ll e e ow e .
Batiquitos Lagoon 25 (0) 39(33) 27(1T) 39(26) 25 (6) 1 (2) 3(6) 18(24) 17 (0) 8(18) 48(28) 3 (0 27(26)
San Elijo Lagoon 9 (0 12(7 17 (8) 12 (8) 28(12) 28(23) 20(10) 13 (0) 9(2) BB@ MN@E 170 13
Los Penasquitos NS NP Bt et ERRRERE RN % - ., T L oL L.
N. Fiesta Island 98 154) B8 (@4 B (1) 55075 68 (0 - - 0L v ra daad bl
FAA Island 145 (5) 96(48) 150(190) 75(80) - - 12(18) 60 (0) - 55@22) 25 (3) 37(50) 125(30) 177(135)
Mariner's Point R3S oy A0 - L@ 286D
Other Mission Bay* L8] .- = B o AT IETEEE-
Lindbergh Field 43(10) 10853) TI(31) - - B (3) 27(14) 12 @ - - 11(10) 50(60) 80(30) 9 (0) -
Naval Training Center 0-@)  mage e = s g0 T3 SRR SR O DY S - - - -
North Island NAS 36 (0) 78(70) 100 (9) 60 (5) 66(28) 75(%0) 45(40) 83(25) 35 (0) 6 (4) 20 (4) 24(14) 38(23)
Delta Beach 4 4) 13 - - - - - - L = = 13(17) 43(25) 28(10) 7(10) 33(20) 45(54)
Chula Vista Wildlife Res - - - - 57(31) 97(35) TI(14) 15 (9) 19 4 R - - = - - 2435 28(7) 70(32)
D Street Fill 47(15) 26(18) 14 (0) - - 1@ 1@ 16015 44 (0) 6 () 28(10) 15 @ 20 - -
Coronado Cays ) W, - - s - - 4 S ANSEEIRNEEEEES R R k. - - .
Saltworks 29 (2) 29(9) 21 (4) 1 (0) 1S (4) 30 (6) 12 (2) 21 (4 17(15) 28 (3) 25(10)

Tijuana River Mouth* 10 & 2819 38@Q5) 12(15) 26(17) 63(0) 66(16) 37@24) 39(33) 21(16) 44(0) 4920 @8
Total breeding peirs 832 1000 1160 1067 1130 1264 1046 1003 962 944 1253 1240 1708
Total fledglings produced (418)  (696)  (769)  (833)  (S11)  (8%4)  (SI8)  (654) (904) (633) (1130)  (764) (1612)
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G.1.10 Jenniges and Plettner 2008

Nest Initiation:
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Figure 2. Nest initiation dates for Least Terns at sites

monitored along the central Platte River, Nebraska
1991 to 2005.
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Figure 5. Nest initiation dates for Least Tern nests at
managed sandpits, unmanaged sandpits and created is-

lands 1994-1997.
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Nest Success — Nest Fate:
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Figure 4. Regression analysis of the proportion of ob-
served Least Tern nests which were successful through
the nesting at human created habitat along the central

Platte River, Nebraska.

Table 3. Nest success for Least Terns nesting at sites monitored 1991-2005. Success shown as apparent as well as
the Mayfield estimate with 95% confidence intervals calculated.

Number Apparent Mayfield Mayfield Mayfield
Management type of nests nest success nest success lower 95% C.I.  upper 95% C.L
Unmanaged sandpits 125 38% 36% 29% 45%
Managed sandpits 473 65% 64% 59% 68%
Managed riverine islands 49 1% 69% 56% 84%
Toral 647 63% 61% 57% 65%

Fledglings per Nest or Number of Adult Pairs:

Table 4. Least Tern reproductive output at nesting sites monitored. Successful nests are those that hatched at least
one egg, successful broods are those broods where at least one chick fledged.

Estimated Number of Number Percent

Successful successful  initial chicks of chicks of chicks

Management type Total nests nests broods observed fledged fledged
Unmanaged sandpits 125 48 32 101 54 53%
Managed sandpits 473 309 254 679 534 79%
Managed river islands 49 35 28 74 51 70%
Total 647 392 314 854 639 75%

G.13



Table 5. Fledge ratios for Least Terns at sites monitored along the central Platte River. Results present as fledglings
per nest and fledglings per pair. A pair is defined as the maximum number of nest and broods present during a sin-
gle visit.

Management type Number nests Number of pairs Fledglings per nest  Fledglings per pair
Unmanaged sandpits 125 97 0.43 0.56
Managed sandpits 473 409 1.13 1.31
Managed river islands 49 47 1.04 1.09
Total 647 bb3 0.99 1.16

Sample Size — Years — Design:

Table 1. Areas monitored for Least Tern nesting along the central Platte River. *Indicates the area is known to have
had nesting outside the dates indicated but was not part of this monitoring effort.

Site Location Years monitored Years with nesting Years managed
Johnson Sandpit Elm Creek 1991-2005 1991-2005* 1991-2005
Lexington Sandpit Lexington 1992-2005 1992-2005* 1992-2005
Bluehole Sandpit Elm Creek 1994-2005 1994-2005 1997-2005
Overland Sandpit Central City 1994-1997 1994-1997 None
T&F Odessa Odessa 1994-2005 1994, 1995, 1997 None
T&F Elm Creek Elm Creek 1994-2002 1094, 1995 None
Whitetail Columbus 1997 1997* None
Elm Creek Island Elm Creek 1991-2005 1991, 1995-1998 1991-2005
Overton Island Overton 1993-2005 1993, 1995-1999 1993-2005
Lexington Island Lexington 1992-2005 None 1992-2005

G.1.11 Kirsch 1996

Nest Initiation:

Table 11. Distribution of dates of nest initiation for least terns on river and sandpit colonies along the lower Platte River,
Nebraska, 1987-90.

Median nest No. of nests
Range of nest initiation dates initiation date in analysis Test
Year River Sandpits River Sandpits River Sandpits statistic® P
1987 2] May-30 Jun 28 May-3 jul 4 Jun 5 Jun 36 41 0.100 >(.98
1988 21 May-25 Jun 23 May-18 Jun 5 Jun 31 May 61 44 0.250 =>0.18
1989 20 May-11 Jul 21 May-10 Jul 7 Jun 1 Jun 74 46 0.250 >0.08
1990 31 May-7 Jul 24 May-14 Jul 11 Jun 6 Jun 104 95 0.135 >0.78

2 Kolmogorov-Smirnov test statistic of maximum distance.

G.14
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Nest Success — Nest Fate — Fledglings per Nest or Number of Adult Pairs:

Table 13. Nest and fledging success, and fledglings per pair for least terns on sandbars and sandpits along the iower Platte River, Nebraska, 1987-90.

Nest success Fledging success Fledglings per pair
No. of study colonies Sandbars Sandpits Sandhars Sandpits Sandbars Sandpits
Year Sandbars  Sandpits £ SE £ SE £ SE £ SE 4 SE £ SE
1987 3 5 0.49 0.25 0.46 0.18 014 0.04 0.37 021 0.21 012 0.28 0.08
1988 4 3 0.72 0.14 0.72 0.12 0.27 0.02 0.24 0.13 0.73 0.15 0.55 0.23
1989 6 6 0.41 0.08 0.54 0.06 0.35 0.10 0.38 0.11 0.57 0.17 0.50 0.06
1990 6 T 0.44 0.05 0.64 0.12 0.12 0.08 0.33 0.05 0.25 0.16 0.64 0.14

Table 16. Causes of egg loss for least tern colonies along the lower Platte River, Nebraska, 1987-90.

Year and habitat

1087 1988 1989 1980
Egg variables Sandbar Sandpit Sandbar Sandpit Sandbar Sandpit Sandbar Sandpit
Number of eggs 171 188 197 143 185 145 247 208
Porportion of eggs
Abandoned 0.09 0.11 0.09 0.04 0.10 ***  0.15 0.02 b 0.10
Depredated 0.19 * 0.24 0.12 *=* (.17 0.15 0.10 0.02 > 014
Human destroyed 0.01 0.00 0.02 0.02 0.02 0.04 0.00 w002
Flooded 0.05 e 0.00 0.04 * 0.00 0.28 = 0.00 0.53° *#x 0.00
Other losses® 0.00 - (.04 0.03 0.01 0.02 " 0.10 0.00 0.00
Unknown outcome 0.06 0.05 0.04 0.08 0.00 0.02 0.01 0.04

* In 1990, all early eggs were lost (approx 122 eggs as calculated from no. of pairs renesting and the average clutch size before the flood: (53 nests| % (2.3 eggs/nest). Only 7 eggs from renests were flooded.
b Includes severe weather and disturbance by nonpredatory animals.
* Chi-square differences between sandhars and sanﬂpits each year, P < 0,05,
** Chi-square differences between sandbars and sandpits each vear, P < 0.01.
*** Chi-square differences between sandbars and sandpits each year, P < 0.00L.
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Table 23. Summary of productivity estimates for least terns in the Great Plains.

Location Years Mest success Fl!::zg#ﬂ? Fvgittlsu&mﬂ)rl I:(::Iif:!’:d Source
Missouri River, N.D. 1988 0.62 0.42° 7-10 days 42 Mayer and Dryer 1989
1989 0.56 0.21 7-19 days 52
Missouri River, 5.D. 1986 0.20 3-5 times/season 102 Schwalbach 1988
1987 0.64 146
1988 0.36 0.44" 7-10 days 148 Dirks 1990
1989 0.51 0.55 7-10 days 121
Lower FPlatte River, Nebr. 1987-90 Q.60 0.50 2-3 days 291 This study
Central Platte River, Nebr. 1986 0.62 0.26¢4= 2-3 days 68! Lingle 1993a
1987 0.72 0.1]=4= 75¢
1988 0.52 0.33-0.46¢4 94t
1989 0.57 0.44-1.44¢d 84F
1990 0.60 0.19ede 68¢
Mississippi River, Mo. 1986 0.65¢ 0.40 variable 381+ Smith and Renken 1993
1987 0.69 0.6 397
1988 0.59 1.2 435
1989 0.45 0.2 912
Cimmeron River, Kans. 1980 1.19 >3 times/season 46 Schulenberg and Ptacek 1984
1981 1.08 41
1982 0.56 36
Salt Plains NWR, Okla. 1977 0.64 1-3 days 285 Grover and Knopf 1982
1978 0.38 42
1987 0.12 100-105
1987 0.44-0.33 0.44-0.15 1-3 days Hill 1985
1890 0.46 0.64 variable 120 Boyd 1990
Quivera NWR, Okla. 1980-90 0.10-0.57* 0.00-1.00" variable 15-34 Boyd 1990
Optima Reservoir, Okla. 1986 0.60 1.00 variable 26 Boyd 1987
1987 0.59 1.07 30

4 Chicks seen at 12 days of age or older were assumed to fledge.
b Chicks seen at 15 days of age or older were assumed to fledge.
¢ Estimates for number of nests, not pairs.

4 Cursory estimate.

* Fledglings per nest.

T Number of nests monitored.
& Mayfield weighted average.

h Values are a range for the years of study.
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G.1.12 Kirsch and Sidle 1999

Fledglings per Nest or Number of Adult Pairs:

Table 4. Estimated fledging success for interior least tems in selected local areas, 1980-96.

Fledglingspuair
Local area Yeurs i 513 Hange Saurce{s)
Yellowstone River, Montana 1994-96 0,73k 0,651 0.10-140 Bacon and Rotella 1998
Missouri River, Fort Peck Reservoir, 199]1-95 0.24 0.272  0.00-0.50 USFWSe, Bismark, North Dakota, unpublished data; USACEY, Oma-
Montana ha, Nebraska, annual reports 1993-95
Fort Peck Dam, Montana, to Lake 1955895 0.94 0.556 0.20-1.66 Annual reports, Montana Fiping Plover Recovery Committee, 1985
Sakakawea, North Dakota 95; USFWS, unpublished data
Garrison Dam to Lake Oahe, North  1986-95 0.59 0,187  0.36-093 F. M. Mayer and P. J. Dryer. 1989. unpublished report, USFWS, Bis-
Dakota mark, North Dakota; USACE, Omaha, Nebraska, annual reports
1993-95
Lake Oahe, North and South Dakota 1988-95 0.48 0.634 0.00-1.62 USFWS, Pierre, South Dakata, unpublished data; USACE, Omaha,
Nebraska, annual reports 1993-95
Fort Randall Dam, South Dakota to  1986-95 0.19 0190 0,00-0.458 Schwalbach 1988; Dirks 1990, USFWS, Pierre, South Dakota, un-
Niobrara, Nebraska published data; USACE, Omaha, Nebraska, annual reports 1993
95
Lewis and Clark Lake, South Dakota 1989-95 .58 0.764  0.,00-2.09 USFWS, Pierre, South Dakota, unpublished data; USACE, Omaha,
and Nebraska Nebraska, annual reports 1993-95
Cavins Point Dam, SUuth Dakota 1986-91 0.45 0,206 . 16-0.55 Schwalbach !%R‘- Dirks j_‘;_m‘ USFW'S, PiE‘l‘I"E'_ South Dak{_}la\ -
and Nebraska to Ponca, Nebraska published data; USACE, Omaha, Nebraska, annual reports 1993
95
Council Bluffs, Iowa 1984-91 0.70 0.514  0.00-1.40 Dinsmore et al. 1993
Sioux City, Towa 1995 1.60 Huser 1996
Lower FPlatte River, Nebraska 1986-90 0.49 0.158 0.27-061 Kirsch 1992
Central Platte River, Nebraska 1986-80 049> 0.546  0.11-046 Lingle 19935
Arkansas River watershed reservoirs  1990-92 1.22 0,720 0.47-1.90 D. L. Nelson and M. F. Carter, Colorado Bird Observatory, unpub-
Colorado lished data
Quivira NWR, Kansas 1980-87, 1989-91 0.47 0460 0.00-1.41 B 1993
Cimarron River, Kansas and 1980-82 075 0.185 0.56-0.93 Schulenberg and Ptacek 1984
Oklahoma
19490 0.44¢ 0180 0.27-075 Boyd 1933
1992 0.06¢ 0.076 0.00-021 K. L. Boyd, Baker University, unpublished data
Salt Plains NWR, Oklahoma 198284 0.22 0.081  0.15-0.44f Hill 1985
1959-90 0.52 0.170  0.40-064 R. L. Boyd, Baker University, unpublished data
Arkansas River, Oklahoma 1986-88, 1990-91, 067 0.182  0.46-090 F. Pianalto and ]. Hoffman, unpublished data, cited in Hill 1993;
1995-96 USACE, Tulsa, Oklahoma, unpublished data
199293 0.59 0.018 0.48-070 Wood 1994
Canadian River, Oklahoma 1987, 1991-96 1.23 0.637  0.50-203 A. M. Archibeque, unpublished data; V. ]. Byre, unpublished data

cited in Hill 1993; V. ]. Byre, Canadian River Preserve, unpub-
lished data; N. Kuhnert, Canadian River Preserve, unpublished
data
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Table 4. Continued.

Fledglings/pir
Laowcal area Yeurs i 50 Fange Source(s)

Lower Mississippi River® 198689 0.70 0510 0.20-140 Smith and Renken 1993

1995-96 1.00 0.460  (L.68-1.33 M. S. Woodry and C. Szell, Mississippi Museum of Natural Science,

unpublished report

Wabash River, Gibson Lake, Indiana 1986-87 1.31 0.800  0.20-2.33 Johnson and Castrale 1993
Bitter Lake NWR area, New Mexico 1986-92 0.54 0.660  0.00-2.00 5, 0. Williams, N.M. Game and Fish Dept., unpublished data
Optima NWR, Oklahoma 1986-92 0.52 0.608  0.00-1.10 E. L. Boyd, Baker University, unpublished data; M. Eddings, person-

al communication, cited in Hill 1993

* S of fledging success estimates for each vear and area (not by colony) divided by the number of years estimates were made.

b Fledglings/nest.

= UL5. Fish and Wildlife Sendoe,

1.5, Army Corps of Engineers,

* Fledglings'pair sveraged over all areas in 1 year.

F Data from Hill (1985, 1953) and Wood (1984) represent “best™ and “worst” cuses bused on a range of pair and fedgling estimates for the area, and did nat represent an estimated range of fedging success from different
sites within the area or among vears, Means angl standard deviations were caleulated from midpoints of the range for each vears estimates of Redging success.

& Simith and Renken (1993) studied least temns along the Mississippl River sonuth of Cape Girardean, Missouri, in Missourd, Minois, Kentucky, and Tennessee. M. 5, Woodry and €. Szell studied least terns along the
Mississippi Hiver hetween Memphis, Temessee and Rosedale, Mississippi, in Mississippi and Arkansas.
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G.1.13 Koenen et al. 1996

Nest Success — Nest Fate:

TapLe 1.

(includes nests on mounds), Salt Plains National Wildlife Refuge, Oklahoma,

Least Tern and Snowy Plover nest success (Mayfield Method), 95% confidence intervals, and losses for all nests on and off of nest ridges

19490 1991 19492 19494 All years
On On  Off On Off On Off On Off On Off
Least Terns
n p 4 ] 7 7 15 15 8 6 32 28
Mest Success 0 1.00 — 0.61 0.60 0.23 0.47 1.00 .62 0.53 0.55
Confidence Interval (95%) — — — 0.30-1.00 0.29-1.00 0.08-0.64 0.25-0.91 —  0.23-1.00  0.36-0.79  0.34-0.83
Predation 2 0 1] 1] 0 0 3 2 1 2 4
Flood 0 0 0 2 2 ] 5 0 1 10 8
Other nest losses® 0 0 0 1 0 0 0 1 1 2 1
Unknown nest outcome 0 0 1] 1] 0 2 1 1 1 3 2
Snowy Plover
n 1 2 —_ 7 13 8 6 5 7 22 26
MNest Success 0 1.00 — 0.71 0.62 (.79 0.12 1.00 1.00 0.79 0.62
Confidence Interval (95%) — — — 0.45-1.00  0.35-1.00 0.49-1.00  0.01-0.92 — —_ 0.58-1.00  0.42-0.48
Predation 1 0 — 1 ] 0 0 0 1 1 |
Flood 0 0 — 2 5 1 4 0 0 3 K
Other nest losses” 0 0 - 0 0 2 0 0 0 2 0
Unknown nest outcome 0 0 C 0 | 2 0 1 1 3 2

* From Boyd (1990).

b Includes nests with cracked eggs, abandoned nests, and chicks that died during hatching process.
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TasLE 2. Least Tern and Snowy Plover nest success (Mayfield Method), 95% confidence intervals, and losses for all nests in and out of electric
fences, Salt Plains National Wildlife Refuge, Oklahoma.
1991 1992 1993 1994 All years
In Out In Out In Out In Out In Out
Least Tern
n 4 11 14 9 28 50 14 59 60 1249
Nest Success 1.00 0.17 1.00 0.51 0.78 0.75 0.61 {0.52 0.81 0.56
Confidence Interval (95%) —  0.03-0.78 — 0.23-1.00  059-1.00 058-097 0.34-1.00 0.36-0.74 0.68-0.96 0.44-0.70
Predation 0 5 0 3 g 5 Je 15 i 26
Flood 0 0 4 3 13 23 1 1 18 27
Other nest losses* 0 3 1 1 0 3 2 5 3 12
Unknown nest outcome 0 1] 0 2 3 9 2 9 5 20
Snowy Plover
n 2 9 20 25 18 67 12 24 52 123
Nest Success 1.00 0.82 0.91 0.55 0.87 0.77 (.89 1.00 0,90 0.76
Confidence Interval (95%) —  0.55-1.00 0.75-1.00 0.34-0.86 0.66-1.00 061097 0.70=-1.00 — 0.79-1.00 0.64-0.88
Predaton 0 1 14 7 1 5 1® 0 3 13
Flood 0 1 5 7 5 30 0 1 10 39
Other nest losses® 0 1 0 0 0 7 0 2 0 10
Unknown nest outcome 0 0 1 3 G 15 2 5 9 23

* Includes nests with cracked eggs, abandoned nests, and chicks that died during hatching process.

P 1 nest predated by a Ring-billed gull.
¢ Predated by a coyote on 14 Jun. 1994,
4 Predated by a Cattle Egret (Utych 1993)



G.1.14 Kruse et al. 2001

Nest Success—Nest Fate — Fledglings per Nest or Number of Adult Pairs:

Tarrk |. Productivity summary for Piping Plovers and
Least Terns nesting on the Gavins Point and Fort Randall
river reaches of the Missouri River, South Dakota, 1991

and 1992,

Piping Plover Least Tern
Total Nests 238 354
Total Destroyed 128 (53.8%) 179 (50.65%)
Predation 61 (25.6%) B80(22.6%)
Chicks Hatched 368 330
Chicks Fledged 57 (15.5%) 81 (24.5%)

Apparent nesting success of caged nests (n=86,
62%) was higher (P<0.001) than for control nests
(n=122, 349%). Of 33 caged nests that were unsuc-
cessful, 6 (18%) were inundated, 16 (48%) were lost
to predation, 2 (6%) were abandoned for unknown
reasons, and 9 (27%) were lost due to human distur-
bance, sandbar erosion, weather, or unknown causes.

G.1.15 Leslie et al. 2000

Nest Fate:

TasLE 2—Losses of least tern nests and chicks (percentages in parentheses) on the Arkansas River,
Oklahoma.

Losses
Total
Year Category observed? Total lost® Flood-related Predation Cause unknown®
1992 MNests 192 T7 (400 35 (46) 18 (23) 24 (31)
Chicks 118 38 (32) 9 (24) 10 (26) 19 (50)
1993 Nests 345 133¢ (39) 12 (9 20 {15) 1000 (75)
Chicks 2R5 142 (50) 0 (0} 1 (=1} 141 {=99)

* Tallied from regular monitoring of colonies from river bank; June through August, 1992-19493.

B Nests and chick that disappeared between observation days and were assumed lost; canses could have
included flooding and predation.

¢ One nest destroved by an all-terrain vehicle in 1993,

G.z21



Fledglings per Nest or Number of Adult Pairs:

TaBLE 1—Numbers of adult breeding pairs and fledglings per breeding pair of least terns using number
of successful nests, median-date method, probable renests subtracted from the total number of nesis, and
airboat surveys (see methods for description) on the Arkansas River, Oklahoma.

Census methods

Successful Probable Airboar
Year Category nests Median datc renests survey
1992 Adult pairs 140m 166 159 125
Fledglings/breeding pair .59 (.50 0.52 0.66
1993 Adult pairs 212 299 296 203
Fledglings/breeding pair 0.67 0.48 0.48 0.70

* Considered a minimal estimate of adult pairs because it did not account for unsuccessful pairs,

G.1.16 Lombard et al. 2010

Nest Success:

TABLE 1. Daily and period nest survival for Least
Terns at St. Croix, U.S. Virgin Islands, 2003-2006.
Period nest survival is the daily nest survival ex-
trapolated to 21 days. Estimates summarized by
habitat (substrate), year, and colony size. Managed
colonies = exclosure or platform. Small = 10-30,
medium = 40-90, large 2110 nests. Standard errors
were adjusted for design effect.

Daily nest Period nest

Category survival survival
Habitat

Salt flats 0.910(0.017) 0.138

Sandy beach 0.936 (0.036) 0.252

Offshore cay 0.929 (0.005) 0.215

Industrial 0.929(0.016) 0.195

Managed 0.968 (0.023) 0.511
Year

2003 0.902 (0.025) 0.115

2004 0.934 (0.025) 0.242

2005 0.923 (0.012) 0.188

2006 0.906 (0.023) 0.127
Colony size

Small 0.876 (0.041) 0.062

Medium 0.883 (0.023) 0.074

Large 0.927 (0.001) 0.204
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G.1.17 Massey and Atwood 1981

Nest Initiation:
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Fig. 1. Chronology of the California Least Tern nesting colony in Anaheim Bay, 1980.

TaBLE 2. Egg-laying period—second nesting wave, Anaheim Bay 1980.

Date of laying of first egg

June July
1 4 & 12 16 20 24 28 1 4 8 12
Total number of nests (# = 29)* 1 212 212 221 423 1 3
Nests of 2-yr-old terns (n = 10)® 1 1 1 1 1 1 12 1
Nests of terns =3 yr of age (1 = 2)° 1 1

2 The total number of nests in the second wave was 33; laying dates of four abandoned nests could not be determined.

» Twelve 2-yr-old terns nested in the second wave at 10 nests; in two instances both pair members were banded 2-yr-olds.
¢ Three birds 3 yr of age nested in the second wave at two nests; both pair members were banded and were =3 yr old at one nest.



Nest Success — Nest Fate:

TABLE 3. Clutch sizes of first- and second-wave nests at several California Least Tern colonies in 1980.

Number of eggs
Colony 1 2 3 ¥ =+ SE

First wave

Venice Beach (36/150) 3 (8%) 31 (86%) 2 (6%) 1.97 = 0.063

Huntington Beach (29/65) 3(10%) 25 (86%) 1 (3%) 1.93 + 0.069

Anaheim Bay (6/10) 1 (17%) 2 (33%) 3(50%)  2.33 + 0.333
Second wave

Anaheim Bay (33/33) 11 (33%) 21 (64%) 1 (3%) 1.70 + 0,092

Anaheim Bay—nests of 2-yr-old birds {(10/10) 3 (30%) 7 (70%) 0 1.70 = 0.153

4 Sample size = 36 nests, colony size = 150 nests. The 2 x 3 table of clutch size/colony was subjected to a x* test and revealed a
significant difference in clutch size between the first and second waves of nesting (P < 0.01).

Fledglings per Nest or Number of Adult Pairs:

TABLE 4. Fledging success at several California Least Tern colonies of varying sizes in 1980.

Minimum Fledglings/
Number of  number of nesting

Colony nesting pairs  fledgiings pairs® Fledging success

Venice Beach 150-165 240 1.45 Good
Huntington Beach 70-80 a5 0.94 Moderate
Los Cerritos 7 6 0.86 Moderate
Bolsa Chica 20-26 15 0.58 Moderate
Anaheim Bay (total) 38-43 24 0.56 Meoderate

First wave 8-10 5 0.50 Moderate

Second wave 33 19 0.58 Moderate

Second wave (nests of 2-yr-old birds) 10 8 0.80 Moderate

a Minimum number of fledglings/maximum number of nesting pairs.

Sample Size — Years — Design:

TABLE 1. Ages of banded, breeding California Least Terns.

Age (yr)
1 2 =3 Unknown Total

Birds nesting at Anaheim Bay in 1980 (n = 23)

First nesting wave 0 0 2 2 4

Second nesting wave 0 12 (639%) 38 (16%) 4(21%) 19
Birds nesting in Los Angeles and Orange Counties, 1976-1980 (n = 62)

First nesting wave 0 2 (3%) 39 (95%) 0 41

Second nesting wave 0 16 (76%) 5% (24%) 0 21

* All renesting after initial failures.
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G.1.18 Schuetz 2011

Fledglings per Nest or Number of Adult Pairs:
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Figure 2. Plots of clutch size by year conditional on site. Sites are ordered by latitude with Tijuana Estuary being the southernmost site and
Pittsburg Power Plant being the northernmost. Dots indicate clutch size estimates in a single season and lines are smoothers used to reveal patterns
in the data.

doi:10.1371/journal pone.0019489.9002
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G.1.19 Shaffer et al. 2013

Nest Initiation:
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Figure 7. Temporal distribution of
observed least tern nest initiations for
Garrison River Reach and Gavins Point
River Reach in 2006-09.

Table 8. Estimates of nest success for least terns and piping plovers on the Missouri River in 2006-09, as determined from
data collected by U.S. Geological Survey research crews and by U.S. Army Corps of Engineers (apparent and Mayfield nest

success) monitoring crews.

[LETE. least tern; PIPL, piping plover; GRR. Garrison River Reach; GVP. Gavins Point River Reach; SAK, Lake Sakakawea; USGS, U.S. Geologi-
cal Survey: Corps, U.S. Army Corps of Engmeers; U.S. Geological Survey nest success estimates are from a logistic-exposure analysis (Shaffer,
2004) and are comparable to Mayfleld estimates.]

Percent nest success

Relative bias (percent)

USGS c C c c
Species  Study area Year USGS 95-percent orps orps orps orps
. . reported reported reported reported
estimate confidence apparent Mayfield apparent Mayfield
interval PP PP
LETE GRR 2006 65 54-73 77 76 18 17
LETE GERR 2007 78 68-85 89 87 14 12
LETE GVP 2008 66 59-73 75 69 14 5
LETE GVP 2009 73 64-80 79 76 8 4
PIPL GER 2006 21 16-27 54 46 157 119
PIPL GER 2007 47 39-54 73 65 55 38
PIPL GVP 2008 42 3548 67 53 60 26
PIPL GVP 2009 41 3449 54 46 32 12
PIPL SAK 2007 25 1733 41 12 64 -52
PIPL SAK 2008 28 19-37 44 16 57 -43
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Fledglings per Nest or Number of Adult Pairs:

Table 30. Estimates of U.S. Geological Survey minimum fledge ratios in relation to numbers reported by the U.S. Army
Corps of Engineers 2006-09.

[BPOP. breeding population: Fledge ratio 1s defined as number of fledging-age chicks divided by number of breeding paiwrs (BPOP/2). US. Geo-
logical Survey minimum fledge ratios are based on resightings of banded fledging-age chicks corrected for imperfect detection. U.S. Geological
Survey breeding population estimates depended on renesting probability. Because of uncertainty over renesting probability, results are shown for
two scenarios, high and low renesting. Relative bias (percent) is the difference between the number reported by the U.S. Army Corps of Engineers
and the U.S. Geological Survey estimate as a percentage of the U.S. Geological Survey estimate. LETE, least temn; PIPL. piping plover; GRR,
Garnison River Reach; GVP, Gavins Point River Reach; SAK, Lake Sakakawea; Corps, U.S. Army Corps of Engineers; USGS, U.S. Geological
Survey]

Low renesting High renesting

Species  SUH v Repored  yss U85 pelave  uses USSS  elative

area by Corps  expanded P bias expanded P bias
. confidence . confidence
estimate . (percent) estimate . (percent)
interval interval

LETE GRR 2006 0.81 0.78 0.51-1.17 4 0.90 0.59-1.35 -10
LETE GRR 2007 1.06 0.80 0.46-1.32 33 0.89 0.52-148 18
LETE GVP 2008 1.14 1.23 0.98-1.50 -7 1.37 1.09-1.68 -17
LETE GVP 2009 1.00 143 1.16-1.75 -30 1.61 1.30-197 -38
PIPL GRR 2006 NA NA NA NA NA NA NA
PIPL GRR 2007 0.97 0.96 0.46-1.77 1 1.12 0.54-2.06 -14
PIPL GVP 2008 1.37 0.89 0.76—-1.05 54 1.03 0.88-1.21 33
PIPL GVP 2009 1.09 0.60 0.57-0.63 83 0.68 0.650.72 60
PIPL SAK 2007 0.70 034 0.04-1.11 107 042 0.06-137 68
PIPL SAK 2008 0.68 0.27 0.05-0.283 155 032 0.06—098 116
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G.1.20 Sherfy et al. 2008

Nest Initiation — Nest Success:
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Figure 10. Number of least tern nests found on the Garrison Reach by week and the ultimate fate
of those nests. Dark bars indicate number of successful (known or probable) nests and open
{white) bars indicate number of unsuccessful (known or probable) nests. Percentages indicate
percent of nests found during that week that ultimately produced at least 1 hatchling. Week 1 =
29 April - 5 May;, Week 13 = 22 July - 28 July, 2007.
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Nest Fate:

Table 19. Fate of least tern nests on the Gavins Point Reach and Lewis and Clark Lake with and
without radiomarked incubating adults. Only nests surviving >7 days (the earliest incubation
stage at which radios could be deployed) are included.

Mests With One Radiomarked Mests With No Radiomarked

Adult Adult
# Nests % # Mests %
Successful v 52 82 50
Probable successful 23 32 40 24
Probable failure 1 1 1 1
Failure 10 14 36 22
Unknown 1 1 a 3
Total 72 164
G.1.21 Sherfy et al. 2009a
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Figure 10. Number of least tern nests found on the Gavins Point Reach and Lewis and
Clark Lake by week and the ultimate fate of those nests. Dark bars indicate number of
successful (known or probable) nests and open (white) bars indicate number of
unsuccessful (known or probable) nests. Percentages indicate percent of nests found
during that week that ultimately produced at least one hatchling. Week 1 = 20 April to 26
April; Week 15 = 27 July to 2 August, 2008.
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Nest Success — Nest Fate:

Table 12. Numbers and fates of least tern and piping plover nests on created and natural
sandbars on the Gavins Point Reach (GVP) and Lewis and Clark Lake (LCL) in 2008.

Nest Fate
) Study Probable Probable )
Species Ares Sandbar Type Total Mests Successful Successful Eailure Failure Unknown
Least Mechanically
Tem GWVP Created 155 80 25 0 38 12
Matural 41 15 & 0 18 2
Mechanically

LCL Created 140 58 38 0 k)| 13
Piping
Plover GWVP Both 237 94 13 0 108 22
Total 537 247 81 0 196 459
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G.1.22 Sherfy et al. 2009b
Nest Initiation:
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Figure 6. Number of least tern nests found on the Gavins Point Reach by week and the
ultimate fate of those nests. Dark bars indicate number of successful (known or probable )
nests and open (white) bars indicate number of unsuccessful (known or probable) nests.
Percentages indicate percent of nests found during the week that ultimately produced at
least one hatchling. Week 1 = 26 April to 2 May; Week 14 = 26 July to 1 August, 2009.

Nest Success — Nest Fate:

Table 7. Numbers and fates of least tern and piping plover nests on the Gavins Point

Reach in 2009.

Nest Fate
Probable Probable -
Total Nests Successful Successful Failure Failure Unknown
Least Temn 136 91 6 1 33 5
Piping Plover 194 72 16 0 98 8
Total 330 163 22 1 131 13
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G.1.23 Sidle and Harrison 1990

Nest Success — Nest Fate — Fledglings per Nest or Number of Adult Pairs:

Table 6. Some examples of the productivity of interior least terns.

Nest Fledgings Frequency % Population

Locations Year Success per Pair of Visits Monitored  Source
Missouri 1988 0.62 0.42 7-10 days 100% Mayer and
River 1989 0.56 0.21 " " Dryer 1989
North Dakota
Missouri 1986 0.20 7-10 days 100% Schwalbach
River 1987 0.64 " N 1988

South Dakota
Missouri 1988 0.36 0.44 7-10 days 100% Dirks 1990
River 1989 0.51 0.55 " "

South Dakota
Lower 1987 0.57 0.29 2-3 days 39% Kirsch 1987-89
Platte River 1988 0.67 0.71 " 44%
River 1989 0.43 0.47 " 42%
Nebraska
Cimarron 1982-83 0.18 1.09-0.56 -- -- Schulenberg
River and Ptacek
Kansas 1984

Salt Plains 1987 0.44- 0.44- 1-3 days Hill 1987
NWR, Oklahoma 0.33 0.15

1921, Hardy 1957, Stiles 1939). Thompson (1982) presented the following
longevity data for coastal least terns revealed by band recoveries:
Percentage of Recoveries

A ears Known and Assumed Dead (N
0-5 74 percent (58)
5-10 9 percent (7)
10-15 10 percent (8)
15-20 4 percent (3)
>20 3 percent
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G.1.24 Smith and Renken 1993

Fledglings per Nest or Number of Adult Pairs:

Table 1. Estimates of reproductive parameters for interior Least Terns

valley during 1986 - 1989,

nesting in the Mississippi Rive

Year
Reproductive
parameter 1986 1987 1988 1989
Nest survival rate 0.63 A! 0.68 A 0.64 A 0.51 8
(s.e.) (0.029) (0.033) (0.033) (0.023)
Egg survival rate 0.94 AB 0.98 A 0.88B 0.74C
(s.e.) {0.023) (0.011) (0.024) (0.038)
Clutch size 2.39A 237A 248 B 2.09C
(s.e.) (0.036) (0.038) (0.036) (0.026)
Chick production? 1.01 A 1.70B 1688 0.73 C
(s.e.) (0.102) (0.095) {0.079) {0.056)
’ 165 189 957 375
Fledging success+ 0.5 0.7 1.4 0.2
Total number of
nests per year® 381 397 455 912

'Estimates with the same letter are not significantly different at P=0.05, using LSD tests (SAS1988).
*No. of chicks hatched per pair. Yearly comparisons made using Chi-square tests.

’Eo. of known-fate nests.
‘No. of fledglings per pair.
*Includes all nesting attempts.
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G.1.25 Stucker et al. 2013

Nest Success — Nest Fate — Fledglings per Nest or Number of Adult Pairs:

TasLE 2. Counts of Least Tern nests and surrounding-area habitat assess-
ments on natural and constructed sandbars on the Missouri River, by year
and point type (nest or surrounding area).

Natural Constructed

Year Nest Surroundingarea Nest Surroundingarea Nest total

2006 64 64 208 208 272
2007 52 52 212 212 264
2008 40 40 293 286 333
Total 156 156 713 706 869
1.0
— Conslrucled, nest
0.9 4 ®°°**** Natural, nest - wet substrate
== == == Natural, nest - dry substrate
0.8 4
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Fic. 2. Increasing percentage of pebble at Least Tern nesting sites was associated with increased nest success on constructed and natural sandbars on
the Missouri River (Gavins Point Reach and Lewis and Clark Lake), 2006-2008. Substrate moisture differences in surrounding area (3 m from nest) for
natural sandbar sites are indicated by dashed (dry) and dotted (wet) lines.
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G.1.26 Szell and Woodrey 2003

Nest Initiation:

Table 2. Clutch initiation dates at four Least Tern colonies along the Lower Mississippi River. Data presented in
Julian date.

1995 1996 1997

Range Median  Peak’ Range Median  Peak’ Range Median  Peak®

Colony (N)! (N)! (N)!

Cow Island 176 - 201 181* 176-185 181-198 184* I81-186 192-210 199* 192 - 203
(546) (272) (182)

Porter Lake 178 - 202 183" 178-189 182-199 187" 182-191 149-208 187" 184-191
(195) (371) (372

St. Francis 177 -205 187° 177-19% 183 -205 192°¢ 183-192 150 -206 187" 185 - 200
(2h5) (196) (382%)

Kangaroo Pt. 175 - 206 179* 176-184 177-199 182¢ 177-185 143 -187 161° 148 -172
(240) (161) (418)

Totals 175 - 206 182¢ 175-188 177-205 185° 181-192 143-210 185" 161 - 204
(1236) (1000) (1354)

'Number of nests for which clutch initiation could be determined includes nests of known and unknown out-

come.

*Peak clutch initiation period represents the first 75% of active clutches laid (see text).

N includes 95 clutches laid 29 May 1997 which became inundated 2 June 1997. These clutches are not included
in the calculation of peak initiation.

N includes 136 clutches laid 30 May 1997 which became inundated 2 Jun 1997. These clutches are not included
in the calculation of peak initiation.

“xdzedian clutch initiation date varied significantly among colonies within a given year (see text).

“Median clutch initiation date varied significantly among years (see text).
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Nest Success — Nest Fate:

Table 3. Nest success and the percentage of nests affected by flooding (F) or predation (P) at four Least Tern col-
onies along the Lower Mississippi River.

1995 1996 1997
Number Nest Number Nest Number Nest
Colony of nest Success' %F %P  ofnest Success' %F %P  ofnest Success' %F %P
Cow Island 550 0.99 0 02 265 0.03 0 955 172 0.94 0 1.7
Porter Lake 201 0.97 0 1.5 302 0.30 253 444 361 0.07 26.3 59.3
St. Francis 245 0.98 0 0 183 0.93 55 0 374 0.55 36.4 3.7
Kangaroo Pt. 219 0.89 1] 5.0 159 0.64 1] 25.8 346 0.38 15.0 46
Totals 1215 097 1] 1.2 999 0.40" 10,9 46.8 1253 0.42° 226 19.7

'Calculated as the number of successful nests divided by the total number of nests of known outcome.
*"Nest success varied significantly among years (see text).

: : — —1995
\ ... 1996

Daily river stage (m)

0 —r—

T T I T T I T L b T T 1
1 10 20 + 10 20 1 10 20 1 10 20 1 10 2
April May June July August
Date

Figure 1. Daily river stages for the Mississippi River at
Memphis, Tennessee for 1995-1997. Data provided by
the U.S. Army Corps of Engineers, Memphis District.
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LED

Fledglings per Nest or Number of Adult Pairs:

Table 5. Fledgling estimates and reproductive success at four Least Tern colonies along the Lower Mississippi River based on mark-recapture methodology.

1995 1996 1997
N' Bailey-modified Reproductive N Bailev-modified Reproductive N Bailey-modified Reproductive
+5SE success” +5E success” +5E success”
Colony (N)* (N)? (N)?
Cow Island 154 824 +162 1.50 ] 0 0.00 96 15011 0.87
(B50) (265) (172)
Porter Lake 15 15574 0.77 12 50£18 013 0 0 0.0
(201) (392) (266)*
St. Francis 81 438 + 60 1.79 101 226 £22 1.23 150 198 £ 10 0.83
(245) (183) {238)°
Kangaroo P 10 65 + 35 0.30 1 0 0.00 79 134+ 13 0.45
(219) (159) (200)*
Totals 260 1546 £ 190 1.27 114 276127 0.28 325 483 £ 20 0.50
(1215) (999) (975)

'Number of fledglings banded during initial capture (see text).
2Rr_‘]:hrm'luf_'til.'z: success is estimated as the number of fledglings produced per nest based on the Bailey modified estimate of the number of fledglings.

‘Number of nests of known outcome used to estimate reproductive success.
‘Reproductive success does not include the nests that were inundated early in the nesting season (see text).



G.1.27 Zuria and Mellink 2002

Nest Success — Nest Fate:

TaBLE 1—Characterisitcs of the 4 nesting waves of least terns, percentage of nests hatched, and causes of
egg destruction at La Purinera during 1995. Values for clutch size and egg measurements are means =

standard deviations.

Ist nesting 2nd nesting 3rd nesting 4th nesting
wave wave wave wave
(mid-May) n  (carly June) n  (early July) n (late July) n
Marked nests 38 244 178 37
Clutch size 1.88 £0.33 25 152050 99 170+ 046 67 150 % 053 10
(Range) (1-2) 25 (1-2) 99 (1-2) 67 (1-2) 10
Egg volume (cm?®) 7.52 £ 057 65 7.64 =055 376 7.60 = 0.58 300 7.27 £ 0.69 52
Egg length (mm) 30.50 + 1.22 65 30.58 * 1.15 376 30.71 * 1.15 300 30.32 *+ 0.04 52
Egg width (mm) 2250 £ 0.64 65 22.64 = 0.65 376 22.54 * 0.69 300 22.19 £ 0.58 52
% Nests hatched 26 04 2.8 —
% Nests predated by coyotes 18.4 352 43.3 10.8
% Nests predated by birds — — 0.6 —
% Nests flooded 76.4 63.6 53.3 89.2
% Nests abandoned 2.6 —_ — —_
% Nests destroyed by humans — 0.8 — —

TasLE 2—Characteristics of the 2 nesting waves of least terns, percentage of nests hatched, and causes of
egg destruction at Punta Banda during 1995. Values for clutch size and €gg measurements are means

standard deviations.

Ist nesting wave

2nd nesting wa

ve

(20 May to 15 June) n (16 June tw 16 July) n
Marked nests 33 24
Clutch size 1.82 = 0.47 33 1.38 = 0.50 24
(Range) (1-3) 33 (1-2) 24
Egg volume (cm?) 7.60 £ 0.50 60 7.38 = 0.60 33
Egg length (mm) 30.83 = 1.19 60 31.10 = 1.35 38
Egg width (mm) 22.50 * (.64 60 22.07 £ 0.76 33
% Nests hatched 63.6 12.5
% Nests predated — 4.9
% Nests flooded — _
% Nests abandoned 18.2 16.7
% Nests destroyed by humans 24.3 66.6
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G.1.28 Dirks 1990

Nest Success — Nest Fate:

Table 3. Least tern nest fates along the Missouri River in South
Dakota during 1988 and 1989.

Total
Gavins Pt. Ft. Randall 1988 1989
1988 1989 1988 1989 N (%) N (%)

Nests with
Known Fate 199 170 13 27 212 (100) 197 (100)
No. Hatched 74 91 2 10 76 (36) 101 (51)
No. Destroyed or

Abandoned 125 79 11 17 136 (64) 96 (49)
Cause of Destruction/Abandorment

Predator 29 42 0 1 29 (21) 43 (45)

Flooding 0 1 11 14 11 (8) 15 (16)

Human

Disturbance 7 1 0 0 7 (5) 1 (1)

Weather 11 7 0 0 11 (8) 77N

Sandbar

Erosion 3 3 0 0 3 (2) 3 (3)

Unknown

Agent 75 25 ] 2 75 (55) 27 (28)
Fate Unknown 49 11 7 4 56 (21) 15 (7)
Total No.
Nests Found 248 181 20 31 268 (100) 212 (100)
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G.2 Prey

G.2.1 Schweitzer and Leslie 1996
Findings:

TaBLE 1—Acceptance' of fish in different size classes by different-aged least tern chicks. A dash means that no
fish of the size class were offered to the indicated chick(s).

Size class of fish (cm)?

Age of chicks (days) =13m=9) 1420n=6) 21-26®m=17) 2730m=1) =>3.1°>n=75)

1(n=17)" 100% 100% 50% 0% —
2m =1 100% 100% 71% — —
3(n=4) 100% 100% 100% — —
10 (n = 2) — — 100% — —
12 (n = 1) — — 100% — —

! Expressed as a percentage: number of fish consumed + number of fish offered.
% Size (length) of fish estimated relative to bill length of adults.

% All fish in this size class brought to nests were consumed by an adult.

* Number of chicks.

TaBLE 2—Number and success (%) of least terns foraging off the salt flat during different periods of the breed-
ing season.

Success Overall success’
Number (no. captures
Period  Location®  Number of birds ~ Number of dives  of captures  + no. dives) x SE
Arrival A 0 - — —
B 18 44 5 11.4 10.4 1.0
C 10 85 8 94
Early A 15 50 2 4.0
B 8 8 4 50.0 21.1 14.5
C 15 32 3 9.4
Middle A 0 — — —
B 0 — — — —
C 0 - — -
Late A 54 70 19 27.1
B 1 0 0.0 13.6 13.6
C 0 — —_ —

! Overall means were not different among periods of the breeding season (Kruskal-Wallis Test, P = 0.8984).
* Fixed-point observation stations were, A: Great Salt Plains Reservoir shoreline east of the salt flat (7 stations);
B: Byron State Fish Hatchery (4 stations); and C: Salt Plains National Wildlife Refuge ponds (4 stations).
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TaBLE 4—Length and body depth' (cm) of fish collected in colony sites and waterways upstream of the salt
flat. Common names are given in Table 3.

Colony sites on the salt flat Upstream of the salt flat
Length Depth Length Depth

Scientific name n X SE x SE n x SE x SE
Cyprinella lutrensis 3 5.9 0.6 1.6 0.2 10 4.3 0.6 1.1 0.2
Cyprinus carpio 5 5.9 0.6 1.8 0.2 4 5.6 1.2 1.5 0.4
Dorosoma cepedianum 10 6.4 0.2 1.9 0.1 9 6.4 0.1 1.8 0.0
Fundulus zebrinus 2 6.9 0.1 1.2 0.2 10 3.1 0.3 0.5 0.1
Gambusia affinis 0 — — — — 10 2.5 0.1 0.5 0.0
Hybognathus placitus 1 9.0 — 1.1 — 10 2.4 0.1 0.5 0.0
Ictalurus punctatus 0 — — — — 10 2.8 0.2 0.4 0.0
Menidia beryllina 5 7.7 0.6 1.2 0.1 10 4.4 0.5 0.6 0.1
Notropis atherinoides 0 _— — — — 10 45 0.6 1.0 0.2
Notropis stramineus 0 — — — — 11 3.1 0.3 0.6 0.1
Pimephales promelas 0 — — e —_— 11 3.1 0.2 0.6 0.0

! Measured at widest point.

G.2.2 Tibbs and Galat 1998
Findings:

Table II. Mean fish catch (number per 100 m®+1 S.D.) and number of replicates for all season-habitat

combinations, years combined, within six aquatic habitats in the lower Mississippi River, Missouri, river km
1535-1334, during 1993 and 1994

Habitat category Aquatic habitat Season
Incubation Rearing
Fish catch Replicates  Fish catch Replicates
Deep-water Main channel 178 +149 A 7 504+53 A 6
A A
Secondary channel 42.5+47.3 AB 5 1990 +434 A 6
A B
Side channel 1Mo0+11.2 A 8 59+64 A 6
A A
Connected slough 121.7 + 118.7 BC 5 350+79.6 A 6
A B
Shallow-water Main-channel interface 192.4 4+ 2469 C 10 006.4 + 15181 B 7
A A
Side-channel interface  830.3 +952.3 D 9 800.1 +678.4 B 7
A A

Means within a column with the same letter on the right are not different (p > 0.05) when ranks are compared. Means within a row
with the same letter beneath are not different (p = 0.05) when ranks are compared
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Table III. Mean taxa richness of collected fish ( 4+ 1 S.D.) and number of replicates
within six aquatic habitats, years, and seasons combined, in the lower Mississippi River,
Missouri, river km 1535-1334, during 1993 and 1994

Habitat category Aquatic habitat Total richness Replicates
Deep-water Main channel 46+20 A 13
Secondary channel 44431 AB 11
Side channel 39419 A 14
Connected slough 26+14 B 11
Shallow-water Main-channel interface 6.8+29C 17
Side-channel interface 83+32C 16

Means within a column with the same letter on the right are not different (p <0.05) when ranks are

compared.
50 16 16
Shallow-water 1993 14 14
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Figure 2. Temporal associations between forage-fish availability (vertical bars), least tern reproductive seasons (horizontal bars). and
river stage (solid line) in the lower Mississippi River, Missouri, river km 1535-1334, during 1993 and 1994, Catch is reported as fish
m ~? in shallow-water habitats and as fish 100 m —* in deep-water habitats
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Figure 3. Conceptual model of temporal linkages among river stage, least tern reproduction. sand island area, and forage-fish
availability in the lower Mississippi River, Missouri
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G.2.3

Findings:

Elliott et al. 2007

:

i " F BCupeidae (hemngs)
1 | mEngraunciaas (anchowes)
B0% P DySaimonides (routs, saimon)s
i <) OAmenncpsican (sihersides )
= 4% 1 @ Embiciocidae (suriperches )
é W Gobiidae (gotses)
£ 20% Boners
0%

Figure 5. Least Tern dropped prey collected at Alameda
Point from 1981-1982, 1984-1995, and 2000-2004.
(Years 1981-1995 from Collins (1995).)

Figure 6. Least Tern breeding success and the percent-
age of Engraulididae in the dropped prey. (Each point
is labeled with the two-digit year. * = possible outlier.)

G.44



G.2.4 Stucker et al. 2012
Findings:

Table V. Measures of fish species and relative abundance during fish sampling in areas of shallow-water habitat near emergent sandbars of
the Missouri River (RKM 1213-RKM 1331), 2006-2008

SO

Mechanically created River created Fi16 p
Species 3.3 (0.5) 3.4 (0.3) 0.03 0.86
Count of fish® 2.1 (0.3) [7.0] 2.2 (0.2) [8.5] 0.31 0.59
Count of shiners® 1.5 (0.3) [3.7] 1.7 (0.2) [4.6] 0.32 0.58
Count of size class 0-1 0.8 (0.2) [1.2] 0.9 (0.1) [1.6] 0.67 0.43
Count of size class 2* 1.1 (0.2) [1.9] 1.1 (0.1) [1.9] 0 0.95
Count of size class 3* 0.7 (0.2) [1.0] 0.8 (0.1) [1.2] 0.19 0.67
Count of size class 4° 1.2 (0.3) [2.3] 1.4 (0.2) [3.2] 0.59 0.45

Results from least squares means (standard errors) [back-transformed means]| are presented by emergent sandbar type, with associated F-test and level of
significance (p).
Least square means presented are the means at the average of the included covariate, depth, 0.61 m.

Table II. Fish size class, fish body length (TL) and relationship
with least tern bill length

Size Class Fish length Relationship to least
(TL, mm) tern bill length

0 <20 <1 bill

1 21-33 ~1 bill

2 34-46 >1 bill

3 47-52 2 bills

4 >52 >2 bills

Least tern bill length is estimated as 26 mm (Thompson et al. 1997).
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Figure 3. Increasing depths were associated with reduced counts of

captured fish. Significant relationships between average water

depth of sample sites and measures of fish relative abundance for

sampled areas of the Missouri River (RKM 1213-RKM 1331) in
2006-2008.
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Figure 5. Significant intra-seasonal variability in fish relative

abundance was observed for fish size class 0-1 and shiners

( p<0.05). Values of fish relative abundance were obtained from

back-transformed least squares means and standard errors within

sampled areas of the Missouri River (RKM 1213-RKM 1331) in

2006-2008. X-axis indicates periods sampled and the relationship
to least tern nesting chronology.
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G.3 Nest Site Selection

G.3.1 Leslieetal. 1997

Findings:
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Figure 1. Frequency of occurrence of vegetation and driftwood in 75-200 0.1-m? plots at

5 colony sites of least terns on the Arkansas River from Tulsa to Muskogee, Oklahoma, priof
to (summer 1992) and after (summer 1993) scouring floods. Colony abbreviations: JC, Joe
Creek; AS, Anchor Stone; IS, Indian Springs; ISW, Indian Springs West; TF, Taft; CDC,
Cedar Creek; CS, Coweta; H104, Highway 104; FM, Fern Mountain.
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Table 2.

Mean distance (m) from nests (N) to the narrowest and widest water

barriers from the shores of sandbars to the river bank at 5 least tern colonies on the

Arkansas River, 1992-1993,

Distance to Distance 10
narrowest widest
water barrier water barrier
Year Colony N x SE x SE m
1992 Anchor Stone 6 1842 542 40.3 5.16 <0.001
Joe Creek 8 1043 372 354 5.18 <0.001
Taft 10 317 4.61 38.5 6.00 0.457
1993 Joe Creek 28 703 261 573 4,78 <(.021
Cedar Creek 9 142.4 6.39 30.5 5.68 <(.001
Cowela ] 103.7 182 358 6.70 <0.001
Hwy. 104 21 102.4 181 33.0 3.34 <0.001
Fern Mitn. 14 162.3 13.00 48,7 8.43 <().001

a. Intracolony ranked r-tests,
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G.3.2 Marcus et al. 2007
Findings:

Table 3. Substrate composition and vegetation cover at Least Tern (LT) or Piping Plover (PP) nests (representing
what the birds selected) and at random points within used plots (representing what was available to them in the area
around their nest) at gravel mines along the Platte and Elkhorn rivers, Nebraska, 2000 and 2001. A used plot is de-
fined as a plot with at least one nest initiated in it. Values with the same letter within a row are not significantly dif-
ferent (P > 0.05).

Attractant plots Control plots

Nests Random Nests Random
Fine Sand LT 16.8 A 13.4 AB 16.1 A 835B
PP 18.7A 172 A 19.8 A 125 B
Coarse Sand LT 56.5 A 53.5 A 64.9 A 85.4 B
PP 432 A 54.TA 433 A 792B
Small Gravel LT 189 A 23.3A 9.0 AB 3.0B
PP 28.4 A 20,4 A 20.6 A 17.6 A
Large Gravel LT 79A 10,0 A 95 A 30B
PP 10.0 A 6.2 A 11.6 A 1.6 A
Vegetation LT 22A 3.1A 15A 20A
' PP 46A 1.7A 3.2A 3.0A
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G.3.3 Schweitzer and Leslie 1999
Findings:

TaslE 1.—Textures and colors of soils associated with active (=3 nests) and inactive (=2 nests)

colony sites of least terns and distances from nests or paired random points to nearest habitat features
at Salt Plains National Wildlife Refuge, Oklahoma

Inactive colony sites (soil) or

Active colony sites random points (distances)
Characteristic n* Median Range n* Median Range
Colony sites (1992-1993 combined)
Soil texture® 12 SL S5C-5 4 SCL SC-§
Soil colort
Hue (5y-7.5y) 12 5y Sy-T.5y < by By-7.5y
Value (scale 2-7) 12 4.0 3545 B 37 3.0-4.0
Chroma (scale 0-6) 12 35 2.7-3.8 4 33 2.4-39
Nests and random points
Distance 1o water (m)
1992 69 >=100¢ 84.9->100 69 =100 84.2->100
1993 77 2772 90.8-5949.1 77 297.2 91.5-599.5
Distance to vegetation (m)
1992 69 89.2 21.4=-=100 69 8a.8 21.2->100
1993 77 130.5 18.2-543.5 77 150.4 18.0-544.9
Distance to driftwood/debris (m)©
1992 69 0.45 0.0-9.2 64 3.95 1.8-15.8
1993 7T 235 0.0-7.0 T 3.25 1.5-4.9
Internest distance {m)f
1992 69 80.9 66.4—=>100
1995 i 59.2 21.4-90.8

* Number of colony sites for colony site characteristics and number of nests and random points for
nest and random point characteristics

b Soil texture class abbreviations: SL = sandy loam; SC = sandy clay; SCL = sandy clay loam; 8§ =
sandy (Brady, 1974:47)

< Estimates from Munsell Soil Color Chart; hue indicates relation to red, vellow, green, blue and
purple; value indicates lightness; chroma indicates strength or departure from a neutral of the same
lightness

4 During 1992, distances were not measured beyond 100 m and were grouped as >100 m for ranked tests

© Nests were closer to driftwood /debris than were random points in 1992 and 1993; t-tests of ranked data

f Mean internest distance was greater (P < 0.01) in 1992 than 1993; -tests of ranked data; no internest
distances from inactive colony sites
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G.3.4 Sherfy et al. 2012
Findings:

Table 2. Arithmetic means and 95% confidence limits for habitat variables at least tern nests and random points on natural and constructed sandbars on the
Missouri River, 2006—2008.

Constructed sandbars Natural sandbars
Nest sites Random points Nest sites Random points

Mean 95% CL Mean 95% CL Mean 95% CL Mean 95% CL
WOODSTEM 1.3 0.9-1.7 1.1 0.8-1.2 4.9 3.1-6.7 3.4 2.6-4.1
WOODCOV 0.5 0.4-0.5 1.5 1.1-1.8 1.6 1.0-2.1 5.1 3.8-6.3
TERR_HERB 0.4 0.3-0.5 1.7 1.2-2.0 1.9 0.8-3.0 5.4 4.4-6.4
WET _HERB 0.3 0.1-0.3 1.1 0.7-1.4 0.4 0.1-0.5 2.6 1.9-3.2
MAX VEG_HT 0.2 0.1-0.2 0.3 0.2-0.3 0.4 0.2-0.4 0.6 0.5-0.6
MEAN VEG _HT 0.2 0.1-0.2 0.2 0.2-0.2 0.3 0.2-0.3 0.5 0.4-0.5
SAND 72.1 70.4-73.7 64.2 62.1-66.1 74.6 70.8-78.3 59.6 55.7-63.4
SILT 6.1 4.7-7.4 16.8 14.7-18.7 1.6 —0.5-3.6 249 20.7-29.0
PEBBLE 11.9 10.7-12.9 11.4 10.0-12.6 14.1 10.2-17.9 9.7 7.0-12.2
GRAVEL 2.2 1.9-2.4 1.2 0.9-1.4 0.4 0.2-0.6 0.5 0.1-0.7
LEAF 0.2 0.1-0.3 1.3 0.9-1.7 0.1 -0.1-0.1 4.1 2.8-5.3
SM_DEBRIS 2.8 2.4-3.2 2.2 1.8-2.6 2.7 2.0-3.2 5.1 3.8-6.2

LG_DEBRIS 2.6 2.1-29 14 0.9-1.7 29 1.9-3.9 1.6 0.5-2.5
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G.3.5 Sidle and Kirsch 1993
Findings:

Table 2. Numbers of adult Least Terns (LT) and Piping Plovers (PP), percentages of all individual birds using sand pits, and the number of
sandbar and sand pit nesting sites on the central and lower reaches of the Platte River, 1988-1991. Data were derived from Lingle (1993a), and
Nebraska Game and Parks Commission (1988, 1989, and unpublished data), and Sidle et al. 1991.

Central Platte Lower Platte

Number of birds % birds on pits No. nesting sites Number of birds % birds on pits No. nesting sites
Year LT PP LT PP Bar Pit LT PP LT PP Bar Pit
1988 124 96 61 62 6 16 497 161 26 19 24 11
1989 194 94 94 64 6 16 409 188 14 13 38 10
1990 176 74 91 78 3 17 361 149 40 35 23 13
1991 158 58 87 76 3 14 295 73 30 37 35 11
Mean 163.0 80.5 83.2 70.0 4 15.8 390.5 142.8 27.5 26.0 30.0 11.2
SD 29.9 18.0 15.1 8.2 1.7 1.3 85.0 42.3 10.8 11.8 7.6 1.3




G.3.6

Findings:

Carreker 1985

&
100% 90 80 70 60! 50 40 30! 20 10 100%
Silt/Clay 57% 27% Fragmentary
% Silt/Clay material

QUALITY OF NESTING SUBSTRATE
B - excellent, SIV5 = 1.0
- good, SIV5 = 0.8
[ - poor, SIV5 = 0.2

Figure 6. The relationship between substrate composition and the
suitability index value for least tern reproduction.
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G.3.7 Conway et al. 2003
Findings:

Table 2. Habitat variables between interior least tern nests and random sites in the Prairie
Dog Town Fork of the Red River, Childress County, Texas, 1998.

. Nests (n = 20) Random (n = 20)
Habitat variable (x) - SE (x) SE

F P
Distance to upland (m) 285.7 28.9 257.1 24.5 0.64 0.43
Distance to vegetation (m) 10.9 2.1 10.5 2.7 0.09 0.77
Distance to mudflat (m) 106.1 25.6 97.2 26.8 0.01 0.97
Distance to water (m) 198.3 35.2 195.5 34.7 0.01 0.95
Vertical cover?. 1.0 0 1.0 0 0.00 1.0
Relative elevation 14.2 29 149 2.8 0.01 0.94

1. Means followed by the same letter in the same row did not vary (P > 0.05).
2. Vertical cover measure using Robel pole (Robel et al. 1970) from each of the cardinal
directions, 4 m from the nest and/or random point.

3. Relative elevation measured as the difference between the nest/random sites and the mean
elevation of the river bottom generated from random transects.

Table 3. Habitat variables between successful and non-successful interior least tern nests in
the Prairie Dog Town Fork of the Red River, Childress County, Texas, 1998.

Success (n = 13) Non-success (n = 7)

Habitat variable ! (x) SE (x) SE F P

Distance to upland (m) 263.2 343 341.7 50.7 1.03 032
Distance to vegetation (m) 11.9 2.76 8.23 2.46 0.52 0.48
Distance to mudflat (m) 113.1 27.4 888 61.8 0.03 0.87
Distance to water (m) 196.4 45.1 203.0 55.2 0.05 0.83
Vertical cover? 1.0 0 1.0 0 0.00 1.0

Relative elevation? 13.7 3.97 155 2.12 0.34 0.57

1. Means followed by the same letter in the same row did not vary (P > 0.05).

2. Vertical cover measure using Robel pole (Robel et al. 1970) from each of the cardinal
directions, 4 m from the nest and/or random point. '

3, Rclatiyc clcval:ion. measured as the difference between the nest/random sites and the mean
elevation of the river bottom generated from random transects.
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G.3.8 Jenniges and Plettner 2008
Findings:

Table 2. Number of Least Tern nests at sites monitored
along the central Platte River 1991 to 2005.

Managed Unmanaged

Year Sand [ii ts Sandpi ts Islands Total
1991 7 NA 1 3
1992 31 NA 0 31
1993 29 NA 4 33
1994 34 46 0 80
1995 36 30 14 30
1996 30 19 13 62
1997 34 30 10 7T
1998 31 NA 4 35
1999 24 NA 3 27
2000 21 NA 0 21
2001 25 NA 0 25
2002 37 NA 0 37
2003 47 NA 0 47
2004 43 NA 0 43
2005 44 NA 0 44
Total 473 125 49 647
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G.3.9 Kirsch 1996
Findings:

Table 2. Summary statistics for habitat variables derived from aerial videos of river habitat along the lower Platte River, Nebraska, 1989-80. Pairs of values from used and unused
sites that differ significantly (ANOVA) are indicated with asterisks.

Habitat variables

. i _ Channel width (m) Mean size sand areas (m?2) Total area of sand (m?2)
Nesting period Date of site-use River How

and year Date of video survey m3/sec Type of site n 2 SE 2 SE £ SE
Initial 1989 3 Jun 9-13 Jun 69.3 Used 35 424 21 Ti* 8 12,3485%=* 152
Unused 30 394 168 45 & 7,070 839
Renesting 1989 29 Jun 20-22 Jun 328.3 Used 16 452 19 48 10 1,553 553
Unused 33 394 14 32 9 785 250
Initial 1990 11 Jun 12-14 Jun 145.5 Used 16 474 17 538* 274 3,484%* 599
Unused 33 445 15 33 9 1,363 457
BRenesting 1990 4 Jul 2-3 Jul 97.2 Used 22 489%* 12 510% g1 25,477 3,468
Unused 29 428 16 308 54 1,100 1,759

A Mean daily flow in cubic meters per second at the North Bend gauge river kilometer 116.8 (river mile 72.4) {Boohar et al, 1989, 1990),
* Differences between used and unused within nesting periods, P < 0.05.
** Differences between used and unused within nesting periods, P < 0.01.

Table 3. Summary statistics for habitat variables {1,000 m?) derived from aerial videos of sandpit sites along the lower Platte River, Nebraska, 1989-90. Pairs of values from used
and anused sites that differ significantly (ANOVA) are indicated with asterisks.

Habitat variables

Neslil&g period Date of  Date of | Area of usable sandb Area of unusable sand® Area of water Area of sandpit sife
and year video? site-use survey Type of site n i SE £ SE E SE i SE
Initial 1989 4 Jul 9-13 Jun Used 6 23.4** 6.1 14.7 6.4 87.6 35.2 158.3 37.2
Unused 33 11.9 1.4 6.7 1.5 51.1 11.2 §9.2 14.2
Renesting 1989 4 Jul 20-22 Jun Used 7 17.9 4.7 7.3 1.9 104.9% 44.0 145.4 48.9
Unused 32 12.8 1.7 8.1 2.0 46.2 8.9 59.9 14.8
Initial 1990 17 Jun 12-14 Jun Used 12 31.4 4.5 3.6 12.4 135.8* 25.5 243, 5% 26.9
Unused 23 22.1 1.7 227 4.8 66.5 13.8 131.2 19.7
Renesting 1990 17 Jun 2-3 Jul Used 12 31.5 4.6 28.9 9.0 125.7 26.1 229.9* 24.8

Unused 23 22.1 1.7 26.7 6.6 71.8 14.5 138.2 21.9

2 A single video was actually taken of sandpits in each vear because sandpit habitat changes little during the breeding season.
b Sand that was not disturbed by equipment or humans or covered with slurry run-off.

¢ Sand that was frequently disturbed by equipment and humans or covered by slurry run-off.

* Differences between used and unused within nesting periods, P < 0.05.

** Differences between used and unused within nesting periods, P < 0.01.
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Table10. Numbers of nesting sites and numbers of least terns
counted on river and sandpit habitats between river kilometers
164.5 and 0 (river miles 102 and 0) of the lower Platte River,
Nebraska, 1984-90. Data for 1984-86 were obtained from
Nebraska Game and Parks Commission {(unpubl. data®). Data
for 1987-80 include Game and Parks Commission data as well
as those collected in the present study.

River Sandpits
Nao. No. pairs No. No, pairs
Year sites terns sites terns
1984 0 0 10 137-144
1985 12 77 7 35
1986 6 150 2] 77
1987 27 214 15 105
1988 24 256 11 118
1989 38 240 10 64
1990 early® 17 155 9 122
1990 renest® 23 144 11 T4

# J. J. Dinan, Platte River interior least tern and piping plover nesting
survey, Unpubl. reports to Nebr. Game and Parks Comm., Lincoln,
1984, 1985, 1956,

b Flooding inundated all sandbars during 14-19 June {Boohar et al.
1990). These 2 rows indicate the numbers counted before the flood and
about 10 days after the flood had receded {20 Jun) when terns had
begun to renest,
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G.3.10 Stucker 2012

Findings:

Table 4. Count of Least Tern nests and surrounding area habitat assessments
included in study by point type (nest. surrounding area) on natural and constructed

sandbars. for year of the study.

Natural Constructed
Surrounding Surrounding
Year Nest Nest Nest Total
Area Area
2006 64 64 208 208 272
2007 52 52 212 212 264
2008 40 40 293 286 333
Total 156 156 713 T06 869

a . ' b C

Figure. 2. Photographs demonstrating range of habitat variability at Least Tern nests

on constructed sandbars at time of discovery. Each nest is surrounded by a 1-
m2 quadrat frame. a). Nest in wrack line. with abundant small debris. nest
furniture. and limited vegetation on wet sand and silt substrate (RM 827): b)
Nest with nest furniture. small debris. in contact with the nest bowl.
consolidated moist sand substrate with surficial pebbles (RM 770): c¢) Dry.

unconsolidated sand substrate (no vegetation, no debris) (RM 755).
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G.4 Nest Density

G4l

Findings:

Akcakaya et al. 2003
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Fig. 2. Total count of California least tern pairs from 1980 to
1998 (from Keane 2001) in California, USA, and Baja Califor-
nia, Mexico.
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Fig. 5. The relationship between the size of a California least
tern colony (in number of pairs) and the number of fledglings
per pair in the colony, based on pooled data from all colonies
in California, USA, and Baja California, Mexico, 1971-1998.
The colony size explains <2% of the variation in the number
of fledglings per pair, suggesting a lack of density-dependent
effects on fecundity.
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G.4.2 Schweitzer and Leslie 1999

Findings:

TaBLE 2.—Spatial distribution pattern of least tern nests from nearest-neighbor analyses (Krebs,
1989) in active colony sites

Mean  Expected Index of

distance  distance aggrega- Test
Colony Number  Area Density  between  between  tion  Standard  statistic Spatial
site of nests (ha)  (nests/ha) nests (m) nests (m) (r) deviation (z) pattern
1992
F 11 40.0 0.26 94.0 95.4 1.0 15.0 =0.1 random
G 12 16.0 0.75 71.2 57.7 1.2 8.7 1.5 random
K 20 $7.5 0.63 66.4 68.5 1.0 8.0 o random
1 15 7.5 0.40 90.6 79.1 1.2 10.7 1.1 random
M 5 7.5 0.67 70.5 61.2 1.2 14.3 0.6 random
N 6 8.8 0.69 101.7 60.4 11 12.9 i uniform
1993
DC 10 27.5 0.36 90.8 829 1.1 13.7 0.6 random
F 25 10.9 0.23 56.0 35.0 1.7 3.4 6.7 uniform
FC 14 27.0 0.52 89.5 69.4 1.5 9.7 21 uniform
G 7/ 2.0 0.35 447 26.7 1.7 5.5 3.4 uniform
KL 10 29.5 0.34 62.4 85.9 0.7 14.2 il 187 random
CH 11 1.1 0.10 21.4 15.8 1.4 2.5 2.2 uniform
AL 12 20.4 0.60 71.6 64.8 1.1 9.7 0.7 random
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G.5 Habitat Quality and Quantity

G.5.1

Findings:

Sidle et al. 1992

Table 1. The number of monitored Least Tern (LT) and Piping Plover (PP) nests inundated along the Platte
River between the Loup River confluence and the Missouri River, 1986-90.

No. No. Maximum
Nests Before No. % No. Renests Total % Daily Flow (cms)
Yr First Flood Flooded  Flooded  Renests' Flooded  Flooded NB/LV?
LT/PP LT/PP LT/PP LT/PP LT/PP LT/PP

1986° 136/28 18/6 13/21 0/0 0/0 13/21  421.7/793.0
1987+ 69/17 5/0 710 0/0 0/0 7/0  302.8/484.3
19882 77132 3/1 413 0/0 0/0 4/3 143.9/162.6
1989 61/13 21/7 34/54 24/5 0/0 28/30  331.1/320.0
1990s 94/28 94/28 100/100 93/13 4/6 52/85 911.3/1713.3

'Least terns and piping plovers renested after losing eggs or chicks from other causes in 1986 and 1988 but

iﬂilialed no new nests on the river after flooding. _
Flows measured at U.S. Geological Survey gauging stations at
::::"“ding occurred in late June after most nests had;a;;:lg:t_i..  ed J nests
ooding occurred in late May-early June before birds had imitiated man s, ‘ .
*The first flood inundated sar):dharz ilong the entire river and occurred during peak nesting. The second

flood inundated sandbars below Salt Creek (U.S. Army Corps of Engineers river mile 26) and occurred in
te July after most tern but no plover renests had hatched. The second flood killed all chicks on sandbars

low river mile 26.

North Bend and Louisville, Nebraska.
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G.5.2 Smith and Renken 1991

Findings:

o i E g:l‘:ﬂnj:a //

5, %
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z. . mA

Days of Continuous Exposure

Ficure 1. Distribution of interior Least Tern colonies and unused sites by category of
days of continuous exposure, lower Mississippi River, 1985.

TaBLE 1. Mean + SE of habitat characteristics of interior Least Tern colonies and unused
islands or sandbars in the Mississippi River within the region where Least Terns nest
(Lower River Mile 827 to Upper River Mile 30), and sites outside the breeding range
(Upper River Mile 31 to Upper River Mile 361).

Outside
Unused breeding
Colonies islands region
(n=14) (n=24) (n = 48)
Mean days of continuous exposure
during 15 May-31 August 101.6 + 4.0 83.7 £ 4.1 85.4 + 3.8
Mean % vegetation cover 89 +42 45+ 272 16.8 £12.3
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G.5.3 Leslie et al. 1997

Findings:
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Figure 1. Frequency of occurrence of vegetation and driftwood in 75200 0.1-m? plots at

5 colony sites of least terns on the Arkansas River from Tulsa to Muskogee, Oklahoma, prior
to (summer 1992) and after (summer 1993) scouring floods. Colony abbreviations: JC, Joe
Creek; AS, Anchor Stone; IS, Indian Springs; ISW, Indian Springs West; TF, Taft; CDC,
Cedar Creek; CS, Coweta; H104, Highway 104; FM, Fern Mountain.
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G.5.4 Sherfy et al. 2009a
Findings:
100
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Figure 2. Distribution of least tern and piping plover nests among land cover classes and
the percentage of the land cover class for the Gavins Point Reach in 2005, 2006 and

2007.

Table 9. Numbers (n) of least tern and piping plover nests where habitat characteristics

were evaluated on the Missouri River in summer 2008.

Study Area River Miles Species n Measurements
Gavins Point T54-T95 Least Tem 192 . 3m
Piping Plover 223 n
Lewis & Clark Lake 826-832 Least temn 140 .3
Piping Plover 51 n
Lake Sakakawea 1390-1508 Piping Plover 93 . 3m. tm, Zrand. s
Least Tem 29 r. 3m, 10m, Zrand. s

n = Evaluation of 1-m-square plot centered on nest at time of discovery.

3m = Evaluations on 4 1-m-square plofs positioned 3 m from nest on cardinal directions.
10m = Evaluations on 4 1-m-square plots positioned 10 m from nest on cardinal directions.
2rand = 2 random points where n, 3m, and 10m were evaluated.

s = Segment of shoreline, 1km centered on nest, evaluated with transects.

G.64



G.5.5 Carreker 1985

Findings:
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Figure 3. The relationship between the percent of the area within the
average maximum flight distance from the potential nesting habitat that
is aquatic habitat and the suitability index value for least tern food.
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Figure 4. The relationship between the number of disparate aquatic
wetlands within the average maximum flight distance from the potential
nesting habitat and the suitability index value for least tern food.
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Suitability Index (SIV3)
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Figure 5. The relationships between vegetation cover and the
suitability index values for least tern reproduction.
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G.5.6 Kirsch 1996
Findings:

Table 20. Summary of habitat variables at least tern colony
sites on sandbars along the lower Platte River, Nebraska, 1987-

a0.
No. Distance to bank % of colony
Year sites {m} area® Aooded
1987 3 3-25 0-5
1988 4 25-120 0-10
1989 B B5-165 B0-95
1990 6 0-190 0-100

8 That part of a nesting site that terns actually used for nesting,
brooding and feeding chicks, and loafing.

Table 21. Summary of habitat variables at least tern colony
ites on sandpits along the lower Platte River, Nebraska, 1987-

80
% of colony area® Diistance to
imeter abundant
dered vegetation®
Year Mo, sites by water {m)
1987 ] 25-75 5-200
1988 3 25-75 40-200
1989 6 25-75 10-200
1950 7 25-75 25-400

3 That part of a colony site that terns actually used for nesting, brood-

inE and feeding chicks, and loafing.
Abundant vegetation = >50% cover and >30 em tall
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G.5.7 Stucker 2012

Findings:
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Figure 3. Substrate characteristies for Least Terns nesting on natural and constructed

sandbars within the Missouri River (Gavins Point Reach. and Lewis and Clark

Lake). 2006 — 2008. Results visually illustrate proportions of substrate type

classifications among sampled nest sites and adjoining surrounding areas (3 m

from nests) on natural and constructed sandbars.
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Figure 4. Increasing percentage of pebble at Least Terns nesting sites was associated
with inereased nest success on constructed and natural sandbars within the
Missouri River (Gavins Point Reach. and Lewis and Clark Lake), 2006 — 2008,
Substrate moisture differences in surrounding area (3m from nest) for natural

sandbar sites are indicated by solid (dry) and wet (dashed) lines.
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Figure 4. Stem counts were associated with Least Tern nest success within the
Missouri River (Gavins Point Reach. and Lewis and Clark Lake), 2006 — 2008.
Among natural sandbars increasing stem counts were associated with increased
success: substrate moisture differences within surrounding area (3m from nest)
are indicated by solid (drv) and wet (dashed) lines. Stem counts from the
surrounding area of constructed sandbars were associated with decreased nest
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Table 8. Mean. standard deviation (). and back-transformed mean [] values of continuous variables included

fitting models of airborne Least Tern habitats on the Missouri River 2006-2008.

2006 2007 2008
Random Tern Random Tern Random Temn
5 0.031 5 0.055 . 0.031 . 0.09 5 0.049 5 0.140
Sandbar
(0.082) {0.087) (0.101) (0.175) (0.088) (0.150)
2 0.070 . 0.007 » 0.081 » 0.023 2 0.033 2 0.004
Large. Trees
(0.186) (0.025) (0.138) (0.047) (0.099) (0.020)
2 0.693 . 0.812 20.674 2 0.058 . 0.579 20.558
Water
(0.403) (0.231) (0.406) (0.111) (0.420) (0.357)
v 0.008 v 0.035 20.015 20.738 b 0.049 » 0.104
Wet sand
(0.024) (0.079) (0.056) (0.289) (0.084) (0.104)
In Bank Distance 5.145 5.415
(1.013) (0.858)
[171 m] [224 m]

s proportion within 50m, ; proportion within 200m
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Table 10. Mean. standard deviation (). and back-transformed mean [] of continuous variables included in the best-fitting

models identifying probabilities of airborne Least Terns as demonstrating behaviors of foraging or flying on the Missouri

River 2007-2008.

2007

2008

Flying Foraging

Flying Foraging

Sandbar_200m
Large.trees 200m
Water

Wetsand distance (In)

Bank distanee (ln)

0.095 (0.047) 0.084 (0.048)

0.022 (0.047) 0.025 (0.048)
» 0.057 (0.105) 1 0.060 (0.119)

3.588(1.561)[35m] 3.5 (1.484)[32m]

0.168 (0.173) 0.105 (0.104)

0.016 (0.041) 0.026 (0.053)
,0.522(0.379) . 0.603 (0.321)
3.086 (1.563) [21m]  2.844 (1.603) [16m]
5.521(0.765) 5.281 (0.948)

[249m] [196m]

2 proportion within 50m

» proportion within 200m
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Figure 1. Proportion of observations, by depth, for (a) foraging and random locations,
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Figure 2. The proportion of wet sand habitats within 50m or 200m and probability of

bird use as predicted by best model for each year.
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G.6 Predation

G.6.1 Shwiff et al. 2005

Findings:

Table 3

Predator-removal and reproduction-monitoring budgets

Year 2003 Dollars®
Predator Rank  Monitor Rank  Total Rank
budget budget budget
(USS) (USS) (USS)
1995 76,170 2 71,046 6 147216 5
1996 78,753 | 68.477 7 147,230 4
1997 73,019 4 76,594 3 149613 3
1998 73,165 3 81,275 | 154,440 1
1999 70,366 7 75.890 4 146,256 7
2000 71.601 6 75,328 5 146,929 6
2001 72,763 5 80,005 2 152,768 2
* Adjusted for inflation.
Xg
Meteorological pv
* Temperature
e Precipitation Biological
s Wind Speed
« Dew Point e Adults 4 ncubating e Active
y{ ¢ Nests Adults Nests
*Eggs 4 predators e Bad
* Fledglings Removed Outcome
Economic

* Monitoring Budget

* Predator Removal Budget

» Total Budget

Other

e Fisheries Resources
» Toxicological Effects
s Catastrophic Effects

Fig. 2. Schematic of the Tern Reproduction System and interaction of biological, economic, meteorological, and other variables.
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8.9

Table 6

Percent increase forecast for the dependent variables as a result of an increase in the independent variables

Development stage/
dependent variable

Scaled independent variable

Monitor hours (%)

Predator-remowval hours (%)

Total hours (%)

25 50 100 25 50 100 25 50 100
Adults 7.6 14.1 24.7 4.8 0.1 16.7 8.1 16.1 322
Total nests 105.6 211.5 423.2 29.1 584 117.1 1.2 2.6 3.5
Eggs 42 8.5 16.9 104 20.8 41.5 4.2 8.4 16.7
Fledglings 38.6 71.2 154.3 —42.9 —85.8 —171.7 24.9 49.8 99.5




G.6.2 Brunton 1997
Findings:
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FIGURE 1. The relationship between the number of active nests {(open bars) and failed nests (solid bars) in
consecutive 5-day intervals throughout the breeding season, Data are shown separately for the edge region: (a)
1987 and (c) 1988, and the center region: (b) 1987 and (d} 1988.
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FIGURE 2. The number of nest failures caused by American Crows (solid bars) and Black-crowned Night-
Herons (open bars) during consecutive 5-day intervals over the breeding season. Data are shown separately for
the edge region: (a} 1987 and (c) 1988, and the center region: (b} 1987 and (d) 1988.
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G.6.3 Kirsch 1996

Findings:

Table 17. Mean frequencies of track trails at least tern colony sites on sandbars and sandpits on the lower Platte River,
Nebraska, 1987-980. The nesting period ran from nest initiation to when 75% of the nests became inactive (hatched or destroyed).
The chick rearing period followed the nesting period and ended when the last chick fledged.

Total season Nesting Chick rearing Unused sites®
Habitat Year /] £ S5E k4 SE £ SE £ SE

Sandbar 1987 3 0.76 0.19 0.52 0.22 0.44 0.10

1988 4 0.68 0.16 0.88 0.23 0.30 0.06

1989 6 0.66 0.28 0.71 0.34 0.74 0.46

1990 (&) 1.34 0.358 0.57 0.26 2.08 1.10 2.50 0.50
Sandpit 1987 5 0.39 0.04 0.46 0.14 0.32 0.12

1988 3 0.47 0.07 0.37 0.03 0.70 0.25

1989 6 0.87 0.22 0.62 0.23 1.03 0.36

1990 7 1.66 0.40 1.45 0.54 1.73 0.37 3.04 0.87

4 Data from unused sites were collected in 1990 from 3 sandbar and 4 sandpit sites.
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Table 18. Correlations among number of nests, numbers of eggs lost due to predation and abandonment, and frequency of
different types of track trails for least tern colonies along the lower Platte River, Nebraska, 1987-90. Correlations between track
trail types and other variables were Spearman rank, and all other correlations were Pearson product-moment.

No. eggs lost to Frequency of track trails
Abandon- Terrestrial Heavy

Habitat Number Predation  ment predator Human Owl ATV?  equipment  All trails
Sandbars Nests 0.317 0.574** 0.107 0.303 0.233 0.113 0.316
Depredated eggs 0.288 0.494%* 0.170 0399 —0.144 0.565
Abandoned eggs 0.039 0.143 —0.027 -0.024 —0.037

Sandpits Nests 0.049 0.631** —0.306 0.286 0.182 0.013 0220 -0.185
Depredated eggs 0.148 —0.357 -0.018 0.284 —-0392 0433* 0235
Abandoned eggs ~0.529* 0.459 0.247 —0324 0433* -0308

* All-terrain vehicle,
* Significant correlation, P < 0.05.
** Significant correlation, P < 0.01.

Table 19. Spearman rank correlations of proportions of least tern chicks known alive on each visit and numbers of chicks
hatched at a colony, with frequency of different types of track trails on sandbar and sandpit colony sites on the lower Platte
River, Nebraska, 1987-90.

Frequency of track trails

Terrestrial Humans Heavy All track
Habitat Chick variables predators on foot Owl ATV equipment trails
Sandbars  Proportion of chicks alive  —0.002 -0.010 0.007  —0.223* -0.117
(n = 156 visits)
Number of chicks hatched 0.242 0.497 0.306* 0.561* 0.569
{n = 18 sites)
Sandpits  Proportion of chicks alive —0.234** —0.023 -0.106 =0.093 0016 -0.172
(n = 223 visits)
Number of chicks hatched 0.222 0.567* 0.226 0.386 0.030 0.413*

{n = 18 sites)

4 All-terrain vehicle.
* Significant correlation, P < 0.05.
** Significant correlation, P < 0.01.
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G.7 Stage Survival

G.7.1 Massey et al. 1992
First Winter Survival:

TABLE 1. Demography of the Least Tern population in California and at Venice Beach 1977-1989.

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989

California
Number of breeding pairs 775 832 1,000 1,160 1,067 1,130 1,264 1,046 1,003 960 945 1,253 1,240

Estimated number
of fledglings 449 418 696 769 733 511 894 518 682 902 632 1,130 764
0.66 0.69 0.45 0.71 0.50 0.66 0.94 0.67 0.90 0.62

Productivily ratio’ 0.58 0.50 0.70
Venice colony

Number of breeding pairs 35 67 87 157 150 150 140 82 96 104 109 165 137
Estimated number

of fledglings 37 75 145 240 200 60 140 94 113 113 82 192 134
Productivity ratio i.1 1.1 1.7 1.5 1.3 0.4 1.0 1.2 1.2 1.1 0.8 1.2 1.0
Number of chicks banded 0 87 157 291 139 208 173 84 158 117 92 285 149

10 4 9 2 2 4 9 7 NA* NA+ NA+

Percent of returns? NA? 10

! Numb-er of ﬂtdglmgygmr of adults.
d on number of chicks banded each year that returned as adults to breed.
‘Not applicable—no chicks banded in 1977, )
* Not applicable—chicks banded 1987-1989 did not reach age of major firsi breeding during the study.




TABLE 4. Demographic analysis.

Normal years ENSO years§
95% Confidence 95% Confidence
Estimate Interval Estimate Interval
Return rates
Hatchling* S. 0.16 (0.13, 0.18) 0.03 (0.01, 0.05)
Young breederst S, 0.81 (0.72, 0.87) 0.82 (0.66, 0.96)
Older breeders} S, 0.92 (0.88, 0.95) 0.79 (0.68, 0.89)
Demographic parameters
Hatchling productivity** Py 1.00 (0.84, 1.20) 0.98 (0.88, 1.08)
Breeding lifett L 9.63 (6.55, 14.48) 4,97 (3.46, 8.10)
Lifetime productivityff P, 1.49 (0.93, 2.34) 0.15 (0.06, 0.30)

* Percentage of chicks hatched at Venice that return as adults to breed.

1 Annual survival rate for birds breeding at ages two and three

.E Annual survival rate for birds breedung at ages four or older.

Halch ImFs produced per breeder per

number of breeding years peradult L=1+35, + 541 - S,)
=8, x Py x L.

#E Number of progeny per adult ex

pected to survive to ng age: P
Estimates based on data from lhe 1982-1983 El Nifio Southern Osmllauon

TABLE 5. Age-dependent survival rates.

Survival 95% Confidence

Age n estimate Interval
2 31 0.82 (0.69, 0.93)
3 73 0.80 (0.72, 0.88)
4 64 0.90 (0.83, 0.96)
5 52 0.92 (0.85, 0.98)
6 43 0.93 (0.85, 0.98)
7 43 0.87 (0.78, 0.96)
8 31 0.87 (0.76, 0.97)
9 20 0.92 (0.80, 1.00)
10 10 0.76 (0.50, 1.00)
11 3 1.00 (1.00, 1.00)
12 2 0.60 (0.17, 1.00)




Adult Survival — Study Design — Sample Size:

TABLE 2. Age of adults at Venice Beach when first trapped on nests (154) or identified by color code (32);
n=186.

Number of Age (years)
adults 2 3 4 5 6 7 8 9 10
Trapped 37 64 37 6 5 2 2 0 1
Identified by
color code 21 11 0 0 0 0 0 1] 0
Total 58 75 37 6 5 2 2 0 1
Percent 31 40 20 3.2 2.7 1.1 1.1 0 0.5

TABLE 3. Return rate of banded adults breeding at Venice (both known and unknown age).

1983 1984 1985 1986 1987 1988 1989
Total returns’ 0 37 42 58 59 64 76
Total possible returns? 0 56 48 65 69 74 104
New birds 56 11 23 11 15 40 32
Return rate (%) - 66 88 89 86 86 73

* Adults that nested at Venice the previous year.
* Banded adults trapped for the first time and unbanded mates of banded birds.
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G.7.2 Renken and Smith 1995a

Second Winter Survival — Adult Survival:

TaBLE 1. Capture-recapture summary statistics for adult Least Terns in the Mississippi River
valley. Definitions of variables are taken from Pollock et al. (1990).

Period Date n, my; R, T z;
1 1987 37 — 37 16 —
2 1988 37 3 37 19 13
3 1989 73 14 73 41 18
4 1990 104 40 104 22 19
5 1991 24 24 23 5 17
6 1992 22 22 22 — —
n; = Total number of animals captured in the ith sample (includes captured and resight-

ed birds).

m; = Number of marked animals captured in the ith sample (resighted birds).

R; = Number of n; that are released after the ith sample.

r; = Number of R; released at i that are captured again.

z; = Number of animals captured before i, not captured at i, and captured again later.

G.7.3  Whittier and Leslie 2009

First Winter Survival:

TapsLe 1—Movement pattern and fate of chicks (%) of the least tern (Sterna antillarum) after they abandoned
their nest at Salt Plains National Wildlife Refuge, Alfalfa Co., Oklahoma. Two chicks were excluded because they
were tracked for <3 days and never moved =30 m from the nest.

Movement pattern All chicks Fledged Died Unknown
Traveler (travel in a definite direction; n = h) 24 20 20 60
Wanderer (wander randomly from the nest; n = 14) 66 36 14 A0
Sedentary (remain in the vicinity of nest; n = 2) 10 50 50 0

G.87



G.7.4 Bailey and Servello 2008
First Winter Survival:

Table 3. Estimates of total numbers of banded fledglings and fledgling success for three count methods compared
to values based on estimates of fledgling numbers from mark-resighting analyses at two Least Tern breeding colo-
nies in Maine, 2002-2003. Fledgling count data are presented in Table 2.

Crescent Surf-Laudholm
Beach Higgins Beach
(No. chicks banded =96)  (No. chicks banded = 62)

No. of Fledging No. of Fledging

fledglings success' fledglings success'
Based on total banded fledglings® 70 0.73 46 0.74
Based on highest daily number of banded fledglings 56 0.58 32 0.52
(single high-count method)?
Based on highest daily number of banded fledglings plus 91 0.95 36 0.58
highest number 14 d before and after the highest count
Based on Thompson and Slack (1984) method* 60 0.63 29 0.48

'Fledging success is calculated as number of fledglings divided by the number of chicks hatched (i.e., no. of
chicks banded for this analysis).

“Total numbers of banded fledglings present during the nesting season were calculated from chick survival es-
timates for the interval hatch to fledging and known numbers of chicks banded. Note: estimates of total number of
banded fledglings based on mark-resighting analyses and total numbers of individual banded fledglings identified
in field surveys were nearly identical for the two colonies (70 vs. 71 and 46 vs. 44, respectively).

“The number of banded fledglings potentially present on a single day on a resighting survey (Table 1).

*Count, + (Count, - 0.55 [Count,]) where: Count, = the potential number banded fledglings in the second week
of the fledgling period, Count,= the potential number of banded fledglings in the fourth week of the fledgling pe-
riod. No fledglings were present in subsequent two-week periods.

Study Design — Sample Size:

Table 1. Chick survival estimates for three Least Tern breeding colonies in Maine, 2002-2003.

Chick survival (&) based on mark-
resighting analyses

Proportion of banded

Number chicks resighted as Daily 21-d
Colony of chicks banded fledglings' (b +SE) chick period
Crescent Surf-Laudholm Beach 96 0.74 0.9864 + 0.0069 0.73
Higgins Beach 62 0.71 0.9855 + 0.0042 0.74
Crescent Surf Beach 53 0.15 0.9098 + 0.0148 0.14

'Chicks were classified as fledglings when age was 221 d.
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G.7.5

Dugger et al. 2000

First Winter Survival:

TABLE 2.

Laridae fledging success reported as a percentage of the number of hatched
chicks that fledged.

Species

Fledging
success

Location source

Great Skua (Catharacta skua)

Glaucous-winged Gull (Larus glaucescens)
Roseate Tern (Sterna dougallii)
Common Tern (Sterna hirundo)

Common Tern
Common Tern
Common Tern

Arctic Tern (Sterna paradisaea)

Least Tern

7.8%-95.3%
52%-T4%
909%-97%
59%-88%
68.3%-78.9%
80%
0%
0%
439%-62%

Hamer et al. (1991)

Hunt and Hunt (1976)
Nisbet et al. (1995)
Langham (1972)

LeCroy and LeCroy (1974)
Nisbet (1978)

Uttley et al. (1989)

Uttley et al. (1989)

This Study

G.7.6

Sidle et al. 1992

Study Design — Sample Size:

Table 1. The number of monitored Least Tern (LT) and Piping Plover (PP) nests inundated along the Platte

River between the Loup River confluence and the Missouri River, 1986-90.

No. No. Maximum
Nests Before No. % No. Renests Total % Daily Flow (cms)
Yr First Flood Flooded Flooded Renests! Flooded Flooded NB/LV?®
LT/PP LT/PP LT/PP LT/PP LT/PP LT/PP

1986 136/28 18/6 13/21 0/0 0/0 13/21  421.7/793.0
1987+ 69/17 5/0 710 0/0 0/0 70  302.8/484.3
1988+ 77/32 3/1 4/3 0/0 0/0 4/3 143.2/162.6
1989 61/13 21/7 34/54 24/5 0/0 28/39  331.1/320.0
1990 94/28 94/28 100/100 93/13 4/6 52/85 911.3/1713.3

'Least terns and piping plovers renested after losing eggs or chicks from other causes in 1986 and 1988 but

initia[ed no new nests on the river after flooding. )
Flows measured at U.S. Geological Survey gauging stations at

*Flooding occurred in late June after most nests had hatched.
‘Flooding occurred in late May-early June before birds had initiated m

*The first flood inundated sandbars along the entire river and occurr
flood inundated sandbars below Salt Creek (U.S. Army Corps of Engi
te July after most tern but no plover renests had hatched. The secon

low river mile 26.

G.89

North Bend and Louisville, Nebraska.

any nests.

ed during peak nesting. The second
neers river mile 26) and occurred in
d flood killed all chicks on sandbars
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G.7.7 Akcakaya et al. 2003
First Winter Survival:

Table 2. Hatching to fledging survival rate of California least tern at Venice beach, California, USA.

From Massey et al. (1992) From Minsky (1984)
Fledglings Hatchlings
Year Mests Fledglings per nest Mests Total eggs Failed eggs  per nest S
1981 150 200 1.3333 170 325 16 1.8179 0.7335
1982 150 60 0.4000 189 329 49 1.4817 0.2700
1983 140 140 1.0000 152 291 20 1.7834 0.5607
1984 gz 94 1.1463 87 184 11 1.9866 0.5770
Mean® 1.1599 1.8626 0.6237

a Fledglings per hatchling, or the hatchling to fledgling survival rate (S,,), is calculated as the ratio fledglings/nest:hatchlings/nest.
b Mean excludes 1982.

Second Winter Survival — Adult Survival:

Table 3. Survival {5, subscripts indicate age class) parameters of the California least tern for normal and El Nifo/Southern Oscil-
lation (ENSQ) years {95% C| in parentheses),

Parameter MNormal years ENSO years Reference or calculation

S5, 8y 51 8, (hatchling to first breeding) 0.16 (0.13t0 0.18) 0.03 (0.01 to 0.05) Massey et al. (1992)

S, and S, 0.81(0.72t0 0.87) 0817 Massey et al, (1992)

Sy, 0.92 (0.8Bto 0.95) 0.79 (0.68 10 0.89) Massey et al. (1992)

S, (hatehling to fledgling) 0.6237 0.2700 Massey et al. (1992) and Minsky (1984)
S, S, (fledglings to age 2) 0.3167 0.1372 = ( S, SIS, 8,)

S, and 5, 0.5627 0.3704 = /5 5

4 Massey et al. (1992) estimated S, and S, for ENSO years as 0.82 (95% C| = 0.66, 0.96). Because survival is unlikely to
increase in an ENSO year, in this model we assumed these survival rates for ENSO years to be equal to the average they esti-
mated for normal years (0.81).



Table 5. Survival rate of adult California least terns at Camp
Pendleton, California, USA (from Collins et al. 1998).

¥r Survival
1987 0.926
1988 0.921
1989 0.920
1980 0.866
1991 0.899
1992 0.781
1993 0.894
19942 0.731
Mean 0.8867
sD 0.0510
cv 0.0576

@ The estimate for 1994 is the product of survival rate and
resighting probability, and is not used in calculating the aver-
age and the variability.

1.4 -
1.2 1
1.0 4 ™ L

0.8 4

Fledglings per pair in t

0.6

0.4 T T T T r T T T 1
076 o078 080 082 084 086 088 050 052 0.94

Survival from (t-1) to t

Fig. 4. Number of fledglings per pair of California least tern in
year t, in the Morth San Diego population (California, USA), as
a function of the adult survival rate from year t— 1 to tin Camp
Pendleton (which is part of this population) for years
1988—-1994. The coefficient of correlation is —0.12 (SE = 0.44).
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G.7.8 Brooks et al. 2013

First Winter Survival:

Table 3. Daily survival rate (SE) and probability of suc-
cess for Least Tern (Sternula antillarum) nests in Cape
Romain National Wildlife Refuge, South Carolina,
2009-2010. Probability of success is the daily survival
rate raised to an exponent equal to 21 (incubation
days). All estimates were calculated by using coeffi-
cients and standard errors of the most-supported mod-

el from Table 1.

Daily Probability

Variable Nest Survival of Success
Colony site

Lighthouse Island 0.916 (0.006) 0.157

Cape Island 0.930 (0.003) 0.218

Middle White Banks  0.996 (0.001) 0.926
Year

2009 0.959 (0.003) 0.412

2010 0.977 (0.001) 0.613
Predation risk

No 0.986 (0.001) 0.749

Yes 0.916 (0.004) 0.160
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Figure 3. Daily survival rate (DSR) of Least Tern (Ster-
nula antillarum) chicks in Cape Romain National Wild-
life Refuge, South Carolina, 2009-2010.
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G.7.9 Kirsch 1996

First Winter Survival:

Table 14. Comparisons between sandbars and sandpits of instantaneous rates of laying, egg, and chick mortality for least temn
young along the lower Platte River, Nebraska, 1987-90,

Habitat
Sandbar Sandpit
Mortality rate n £ SE n E SE Student’s ¢ df P
Laying 19 0.216 0.017 21 0.207 0.024 0.320 35 0.751
Egg 19 0.548 0.083 21 0.471 0.082 0.661 38 0.513
Chick 18 0.873 0.077 19 0.722 0.076 1.394 35 0.174
Overall 19 1.225 0.066 21 1.082 0.048 1.785 38 0.087
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G.8 Site Fidelity, Immigration, and Emigration

G.8.1 Lottetal. 2013

Findings:
Results of Least Tern disperal studies @ CAadults (Atwood)

100 - @ CLT adults (BBL)
z 90 4 - CLT chicks (BBL)
'E 80 4 € MA adults (Atwood}
[=]
: g 70 4 -® ACadults (BBL)
T & 604 -~ ACchicks (BBL)
oo

L= _ s

g a2 50 @ Cimarron adults
2 2 40
E a @ Platte adults
oY 3041 le) i
] 20 @ Mississippi adults
g 10 @ ILT adults (BBL)
© 0 @ Mlississippi chicks

0km 1-24 km 24-96 km >96 km @ ILT chicks (BBL)

Figure 3. Dispersal distance frequencies, by age class, from published literature (Atwood and Massey 1988, Boyd 1993, Lingle 1993; Renken and
Smith 1995a; Akcakaya et al. 2003) and 1261 band recovery records from 1923 through 2011, obtained from the U.S. Geological Survey,
Patuxent Wildlife Research Center, Bird Banding Laboratory. Published studies had varably sized study areas, all of which were restricted to
<96 km from the original banding site. These studies would only produce long-distance band recoveries in the unlikely event that banded
individuals were found dead outside of these small study areas or captured again by researchers in distant locations.
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Figure 2. This map displays the 4 major ILT "populations” identified in our GIS analysis: Blue shading, the Lower Mississippi, Arkansas, Canadian,
and Cimarron rivers; Green, the Red and Trinity Rivers; Purple, the Platte, Niobrara, and Missouri Rivers (below Fort Randall and Gavins Pt. dams);
Pink, Northern Missouri River. The Gulf Coast Least Tem population is shown (beige shading) for spatial reference. Brown lines labeled by brown
numbers illustrate 13 ILT band recoveries reflecting dispersal distances >80 km (unpublished data from the U.S. Geological Survey, Patuxent
Wildlife Research Center, Bird Banding Laboratory). The true frequency of dispersal events =80 km, which would connect many ILT populations
and some ILT populations with Gulf Coast populations, is unknown due to the absence of unbiased dispersal information for this species.
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Figure 4. Detailed map of ILT populations 5-11 (and their constituent numbered subpopulations) spanning the Southem Great Plains and the
Lower Mississippi River valley. See Table 1 for more information. All-caps text above red chevrons gives major dam names.
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Figure 5. Detailed map of ILT populations 1-4 (and their constituent numbered subpopulations) spanning the Northern Great Plains. See Table 1
for more information. All-caps text above red chevrons gives major dam names.
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G.8.2 Atwood and Massey 1988
Findings:

TABLE 1. Numbers of Least Tern chicks banded in California, 1973 to 1984.

Year
Colony* 73 74 75 76 77 78 79 a0 81 §2 83 84
HB 4v - - - 35 115 98 105 66 61 69 104
VB - - — — — 112 168 218 213 178 173 47
TI — — 5 44 111 — — - 19 48 40 7
MISC 87 44 21 301 151 159 355 360 401 277 633 596
Total 91 44 26 345 297 386 621 683 699 564 915 754

' _Frolon}r site abbreviations as follows: HB = Huntington Beach; VB = Venice Beach; TI = Terminal Island; MISC = colonies other than HB, VB,
or TI.
° Number of chicks banded.

TABLE 2. Fidelity to natal colony sites in Least Terns.

Observed recov- Expected recoveries
. eries from natal from natal colony

Colony* Year Total recoveries colony site siteg® x*
HB 1983 24 11 4.30 12.72%
HB 1984 27 9 4.54 5.36%
HB 1985 15 5 2.52 2.93
HB 1986 26 9 3.69 8.90%*
VB 1983 52 30 16.74 15.45%*
VB 1984 44 28 13.82 21.21%
VB 1985 44 28 13.33 23.16**
VB 1986 50 30 14.55 23,13+

* Colony abbreviations as follows: HB = Huntington Beach, VB = Venice Beach.

* Assuming random distribution of breeders relative 1o their natal coleny sites, ) . . .

<Based on 2 * | contingency table comparing observed vs. expected numbers of recoveries at natal and nonnatal colony sites. Chi-square significance
levels {df = 1) indicated as follows: ** = P < 0.01;* = P < 005,

TABLE 3. Annual and intercolony variation in site fidelity in breeding Least Terns.

Year
Colony 1983 1984 1985 1986 5
Venice Beach 86 (2D 58(59) 82 (54) 86 (66) 78
Huntington Beach 54 (13) 42 (31) 52 (31) 79 (19) 57
Terminal Island 50(22) 38 (34) 36 (50) 47 (38) 43

* Percent of the previous year's banded population (n indicated in parentheses) that was documented as breeding during the specified year. Thus,
of 21 banded individuals that nested at Venice Beach in 1982, 86% returned to breed at this site in 1983,
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G.8.3

Findings:

Akcakaya et al. 2003
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Fig. 6. Dispersal-distance function based on data from a
Massachusetts, USA, population of least tern (data from
Atwood 1999). The dispersal model assumes a maximum dis-
persal distance of 80 km. The curve shows the function y = a -
exp(-x / b), where a = 0.49 and b = 29 were estimated from a
regression of In(dispersal rate) on distance in km (R? = 0.97).

Table 6. Dispersal rates used in our California least tern meta-
population model: percentage of individuals moving to other
populations in 5 distance classes.

Dispersal model
Distance from source population (km) Low Medium High

0 (remain in the source population) 90 70 50
<30 km 10 15 25
3060 km 0 10 15
60-90 km 0 5 10
>90 km 0 0 0
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G.9 Population Trends through Time

G.9.1 Boyce et al. 2002

Observed Trend:

Table 1. Least tern numbers and estimates for
model parameters of the central and lower
reaches of the Platte River.

Number of terns

Parameter
Year estimate Central Lower
1986 114 324
1987 171 420
1988 123 497
1989 157 409
1990 149 361
1991 197 487
1992 191 427
1993 178 451
1994 169 426
1995 119 1907
1996 134 290
AF 1050 1.035
k 5-0625 6-073
b4 0-016 0-034
V; 0-0556 0-0316

"This estimate was excluded from analyses because
Nebraska Game and Parks Commission was unable
to survey least terns nesting on sandbars in 1993
betore the river flooded.

0.8 |
—m—a
0.7 . —a—
3 06
8
@ 054 asi
sies
5 04 e
o .
0.3 | —a&- 3 sites
0.2 —e— 2 sites
0.1 . 1site
0 -

2 3 &5 10 15 25 35 45 55 65 75 85 95
Carrying capacity, K

Figure 2. Effects of carrying capacity (K) and the number of
populations (sites) on the probability of persistence for interior
least terns.
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G.9.2 Brown et al. 2001

Observed Trend:

((A) 4000 Least and Roseate Terns
|

(

3,500 - o o

0

5000 —

500

74 78 82 86 00 04

Figure 4. Estimates
(nesting pairs, y-axis)
of (A) Least (open
boxes) and Roseate
(solid boxes) Terns and
(B) Black Skimmers
nesting on Long Island,
from 1974 to 1997. The
lines represent the re-
gression models that
best fit these data (P <
0.05).
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G.9.3 Burger 1989

Observed Trend:

\_’\ Warden
4 80 -
5 Snow Fence
8 80—
= String or
_S 40 - Wire Fence
E Monitored
2 204 Censused Once Over 3 Times

or Twice Per Per Season

Season

T | T | T | T | T
1977 1979 1981 1983 1985

Figure 1. Changes in population levels, colony numbers and reproductive success of least terns in New Jersey from 1976-1985.
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Figure 2. Causes of colony failures of least terns from 1976-1985. A colony failure occurred when fewer than 0.25 young were
fledged per pair.
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Figure 3. Percent of least tern colonies in New Jersey exposed to different management practices, 1976-1985.

Table 3. Results of decoy experiments to attract Least Terns to abandoned sites.

1983 1984
Date Colony was Number Number

Island Last Used Nesting  Success” Nesting  Success
Experimental Islands

Mike's 1980 20 0.85 42 1.19

Island Beach® 1981 1° —

Cedar Bonnet 1981 7 1.0 62 o?

Experimental Plot® 1980 3f 0 12 1.20

* Number fledged per pair.

® No experimentation in 1984,

¢ Landed but did not nest.

¢ A dog in the colony one weekend killed all young chicks and the adults deserted.
® At Brigantine beach.

fWashed out by heavy rain.
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G.9.4 Palacios and Mellink 1996

Observed Trend:

TaslE 1. Number of pairs of Least Terns and type of habitat at each known nesting site,
in the Gulf of California. Before 1985, the number in parenthesis indicates the year of
observation. A dash indicates that no informaton is available and an asterisk indicates
that adulis were present but no breeding evidence was found. The names of the colonies
have been shortened for convenience; see Appendix 1 for complete names, Substrate:
BB = barrier beach, SB = sandy beach, DS = dredge spoil, MF = mudflat, SM = sand
bars with shell fr..g'rm:nus or shell mounds on extensive mudflat and SF = saltflae.

Year

Sub-
Colony =85 B3 BG KT HE B9 90 91 92 95 94 straw
Baja California Sur
San José del Cabo
San José 15{23) —_ = 3 - — I — 7 — — BB
Punta Arena de la Ventana
Ventana —_ - | 2 — —= 5B
Ensenada de La Paz
.-'i.ff-;_.-;ua —_ 165 147 122 925 19 — 1 0 — — D5
Fidepaz — 12 5 1 3 67T 9 3 0 — — DS
Chametla — M - = = 2 44 15 4 — — 5M
Centenario —_ 2 i} o o 0 0 0 0 — — 5M
Facatecas 10{54) —_ ] — — 8 — 3 0 — — 5M
Baja California
Laguna Percebi
LP Sur +(8317(84) 31 — — — 20 12 %1 12 S0 8 BB
LP Oeste — - - = - — 8 4 37 0 0 MF
LP Norte — I — — — 15 4 18 27 30 7 BB
Punta Estrella
Estrella — _ = = = = = — 6 5 11 BB
Esteros La Bolsa
La Bolsa —_ - - = — = — = 11 — — BB
Delta del Rio Colorado
Isla Montague
Montague - —_ = = = = — i 2 6 10 SM
El Docror — _ = = = = = = = = 4 SF
La Flor* —_ e 2 SF
Sonora
La Salina
Salina N —_ _ e = e = e = 1 — — §F
Salina 5 —_ —_ —_ —_— —_ —_= = 2 = — — 5F
Estero Moria
Py +i{ T8}
Moria P —_ —_  — _— — —_—— - 16 + — BB
Moria D —_ —_ _ —_  —_- = = = 15 — 1 BB
Bahia de San Jorge
La Pinta — _ = = - = —= = — = 4+ BB
Purinera — —_ = = = — — G 110 174 &3 BB
Francisquito - - = = — — + 16 36 3 4 BB
Estero Los Tanques
Tangques* —_ —_ —_= = = = —_— = 4 — — BB
Lobos —_ —_ 4 — — = — = — — — 5B
Estero del Soldado
Soldado 25079 —_ —_— —_ —_- —_= == - 15 — = MF
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TabBLE 1.

Contimued,

Year
Sub-
Colony <85 85 86 &7 A8 8% 90 91 92 0% 04 strate
Estero El Tobari

Estero 5] — _ - - - — — — — — 15 MF
Salitral 5] — —_ = N — 15 SF
Tobari 1% — - — — — — — — — — 14 BB
Tohari N* — - - - - - - — — — 17 BB
Tabari 5% — - - - —- — — — — — 41 BB
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G.9.5 Parnell et al. 1997
Observed Trend:

Table 1. Status of colonial waterbirds nesting in North Carolina, 1900 to present.

Census year

1977 1983 1988 1993 1995
Nesting 1900 to First nesting

90T'O

Species 1919 record No.sites No.nests  No.sites No.nests No.sites No.nests No.sites No.nests No.sites No. nests
Brown Pelican no record 1929° 2 82 5 1333 7 2451 7 3327 5 4031
Green-backed Heron “common” pre-1900 7 42 3 24 3 22 3 8 0 0
Little Blue Heron “abundant” pre-1900 17 802 12 1164 12 544 15 1727 12 1407
Cattle Egret no record 1956° 9 1137 7 1448 8 1919 12 2271 7 1517
Great Egret 1 site 20 pr pre-1900 15 494 17 839 13 673 21 1945 19 1901
Snowy Egret 10-12 pr 1908 pre-1900 17 1034 13 715 11 497 20 904 13 672
Tricolored Heron 1000+ pr pre-1900 17 1479 15 1399 10 869 19 1938 12 1716
Black-cr N.-Heron common pre-1900 10 230 13 269 6 185 14 251 13 204
Yellow-cr N.-Heron no record 1939* 0 0 2 9 1 12 1 18 1 18
Glossy Ibis no record 1940° 12 404 7 201 4 84 13 502 10 279
White Ibis no record 1950° 3 1939 2 3825 2 6312 6 10453 7 9428
Herring Gull no record 196270 10 433 15 451 13 965 16 960 18 516
Great Black-b. Gull no record 1972° 3 10 ? ? 1 3 7 47 8 92
Laughing Gull 700 chicks 1908 pre-1900 22 9369 16 22003 14 18978 19 17970 16 23667
Gull-billed Tern 1pair 1909 20 268 10 226 15 151 8 155 9 249
Forster’s Tern no record 1972° 29 1138 15 936 13 958 25 1548 20 1117
Common Tern abundant pre-1900 45 2761 28 2227 24 2610 27 2122 22 1699
Least Tern 4000-5000 prs pre-1900 38 1925 31 1633 19 1528 21 2154 29 1931
Royal Tern 2000 adults 1907  pre-1900 9 9755 8 17029 8 11793 7 14611 7 14150
Sandwich Tern 108 eggs 1908 pre-1900 6 1190 7 1850 6 1465 5 2700 6 2905
Caspian Tern no record 1972" 0 0 2 6 1 11 2 33 1 37
Black Skimmer breeds at several  pre-1900 26 976 18 732 18 643 18 1084 17 819

sites

'Pearson et al. 1919
*Pearson et al. 1942

*Quay and Adams 1956

‘Stephens 1950

Quay and Adams 1956, Davis 1957

SStephens 1950

"Hailman 1963

8Parnell and Soots 1975

“Fussell 1974
"Davis 1993

""Parnell and Soots 1976
?See species account in text
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Table 2. Changes in site types and numbers of occupied sites for colonially nesting birds, 1977 to 1995.

Year

Site type 1977 1983 1988 1993 1995

Barrier beach 24 20 17 22 26

Natural estuarine 42 22 23 36 34

Dredged undiked 36 21 16 18 19

Dredged diked 22 18 8 5 6

Other 0 0 0 1 3

Total sites 124 81 64 82 88
Table 3. Turnover rates for colonial waterbirds in North Carolina 1983 - 1995

1983-1988 1988-1993 1993-1995
Sites Sites Sites Sites Sites Sites

Species 1983 d r n 1988 T, T 1988 d r n 1993 T, T 1993 d r n 1995 T, T MAT
Brown Pelican 5 1 4 3 7 031 0.06 7 1 6 1 7 014 0.03 7 3 4 1 5 031 0.16 0.08
Great. Egret 17 7 10 3 13 032 0.06 13 1 12 9 21 0.25 0.05 21 3 18 1 19 0.10 0.05 0.05
Snowy Egret 13 6 7 4 11 0.41 0.08 11 2 9 11 20 0.37 0.07 20 8 12 1 13 024 0.12 0.09
Cattle Egret 7 3 4 4 8 046 0.09 8 1 7 b 12 0.27 0.0 12 6 6 1 7 032 0.16 0.10
Little Blue Heron 12 4 8 4 12 033 0.07 12 6 6 9 15 0556 0.11 15 4 11 1 12 0.18 0.09 0.09
Tricolored Heron 15 8 7 3 10 042 0.08 10 3 7 12 19 047 0.09 19 8 11 1 12 025 013 0.10
Black-cr. N.-Heron 13 10 3 3 6 063 0.13 6 2 4 10 14 052 0.10 14 4 10 3 13 026 0.13 0.12
White Ihis 2 1 1 1 2 050 0.10 2 1 1 5] 6 067 013 6 0 6 1 7 0,07 0.04 0.09
Glossy Ibis 7 5 2 2 4 061 0.12 4 1] 4 9 13 035 007 13 5 8 2 10 029 0.15 0.11
Laughing Gull 16 7 9 5 14 040 0.08 14 3 11 8 19 032 0.06 19 5 14 2 16 019 0.10 0.08
Herring Gull 15 8 i 6 13 050 0.10 13 5 8 8 16 044 009 16 3 13 5 18 023 0.12 0.10
Gull-billed Tern 10 7 3 12 15 0.75 0.15 15 12 3 b 8 071 0.14 8 6 2 7 9 0.76 0.38 0.22
Royal Tern 8 5 3 5 8 063 0.13 8 3 5 2 7 033 007 7 3 4 3 7 043 0.21 0.14
Sandwich Tern 7 4 3 3 6 054 011 6 3 3 2 5 045 0.09 5] 2 3 3 6 045 0.23 0.14
Common Tern 28 18 10 14 24 061 012 24 14 10 17 27 061 0.12 27 19 8 14 22 067 0.34 0.10
Forster’s Tern 15 11 4 9 13 071 0.14 13 7 6 19 25 (.65 013 25 14 11 9 20 051 025 0.17
Least Tern 31 20 11 8 19 053 0.11 19 9 10 11 21 050 0.10 21 10 11 18 29 055 0.27 0.16
Black Skimmer 18 15 3 15 18 083 017 18 13 5 13 18 0.72 0.14 18 12 6 11 17 066 0.33 0.21

MAT = Mean Annual Turnover, d = Deserted colony sites, r = Reused colony sites, n = New colony sites
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G.9.6

Kirsch and Sidle 1999

Observed Trend:

Table 1. Estimated numbers of interior least tems throughout their interior breeding range, 1984-95.

Year
Area 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1964 1995

Yellowstone River, Montana; to Lake Sakakawea, North

Dakota 23 20 36 29 24 16 14 19 40 21
Missouri River, Fort Peck Reservoir, Montana 4 3 4 6 10 0 7 9 2
Missouri River, Fort Peck Dam, Montana, to Lake

Sukakawea, North Dakota 25 47 92 66 110 31 58 95
Missouri River, Lake Sakakawea, North Dakota 7 15 6 8 29 17 15 7
Missouri River, Carrison DDam to Lake Oahe, North Dakota 136 114 147 166 142 121 174 195 198 145 217 284
Missouri River, Lake Oahe, North Dukota and South Dakota 352 30 82 7 100 143 124 1252 160 84
Missouri River, Fort Randall Dam, South Dakota to Nio-

brara, Nebraska 11 32 0 4 25 32 13 38 43 10
Missouri River, Lewis and Clark Lake, South Dakota 14 25 45 29 63 55 29 76 44 16
Missouri River, Gavins Point Dam, Nebraska and South

Dakota to Ponca, Nebraska 1581 232 252 210 166 193 187 272 211 93
Missouri River, Sioux City, Towa 2 0 0 (1] 12 1 12
Missouri River, Council Bluffs, Iowa 18 18 28 22 22 [}] 20 9 0 4 4
Cheyenne River, South Dakota 31 54 27 12 32
Niobrara River, Nebraska 174 143 217 291
Loup River, Nebraska 126 100 155 20+ 420 7 188 46 150
North Platte River, Lake McConaughy, Nebraska 0 0 5 16 24 10 12 -3
Central Platte River, Nebraska 24a 120 114 153 102 152 116 172 191 178 169 119
Lower Platte River, Nebraska 203 1580 324 426 533 436 366 284 427 451 426 1802
South Platte River, Nebraska and Colorada 5
Elkhorn River, Nebraska 2 8 4 26 as 35 24 35
Arkansas River watershed reservoirs, Colorado 6 10 6 24 30 46 42 30 22
Quivira NWR, Kansas 44 48 48 54 46 68 54 48 46 50
Cimarron River, Kansas and Oklahoma 1082 820 150 1320 385! 386+ 672 452 16 222 16*
Optima NWR, Oklahoma 30 46 52 64 38 0 0 4] 16
Salt Plains NWR, Oklahoma 115 130 210 220 240 82 158 168 90 200
Arkansas River, Oklahoma 3 43 88 (e 1612 458¢ 209+ 320° 368 447 71 224
Arkansas River, Arkansas 80 1] 90 119
Canadian River, Oklahoma 127 182 136 T4 T 188 38 135° T8 120
Canadian River, Texas 35 B 16 12 14
Red River, Oklahoma and Texas 129 162 333° 243+
Prairie Dog Town Fork, Red River, Texas 44 50 12 16 12 18
Mississippi River, Illinois, Missouri, Kentucky, Mississippi,

Arkansas, Louisiana 568 2,470 2,488 2,356 2,503 5.038 4,297 3,653 4,580¢ 6,776 6,971
Ohio River, Kentucky, Illinois, Indiana 31 0 0 44
Wabash River, Gibson Lake, Indiana 4 4 0 6 6 10 9 34 30 24
Bitter Lake NWR, New Mexico 10 6 ] 6 6 6 6 10 12 14 11 14
Rio Grande, Falcon Reservoir, Texas 500 150 62 164 426 386 TR
Rio Grande, Lake Casa Blanca, Texas 5 14 50 20
Rio Grande, Amistad Reservoir, Texas 20 9 14 a0
Dallas County, water treatment plant, Texas 20 20¢ 200 20
Total 722 2,208 4,242 4,745 4,669 4,933 7,789 6,833 6,319 7.606 8,971 8,859

? Coverage was incomplete, and data from these surveys were not included in the statistical analysis unless counts were within 75% of the mean for years of complete surveys.

P Counts from aerial surveys were not included in analysis, because they are known to be underestimates.
© Midpoints of reported numbers are listed and used in analysis.
4 A complete survey of the Cimarron River was done in 1959; however, this year was deleted from analysis of trend because other surveys of this area were incomplete.

¥ Approximate counts (surveys were cursory).
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Table 2. Recovery Plan (USFWS 1990) population objectives for specified areas and survey data from local areas defined in this study for the interior population of least terns, 1986-95.

Recovery Plan Survey data
Population
Area objective Area i 5D No. years
Missouri River system, Montana 50 Fort Peck Reservoir, Montana® 5 3.3 9
Fort Peck Dam, Montana, to Lake Sakakawea, North 65 32.4 9
Dakota?
Yellowstone River,® Montana 24 8.4 10
Missouri River system, North Dakota 250 Lake Sakakawea,* North Dakota 16 11.1 8
Garrison Dam to Lake Oahe, North and South Da- 179 47.4 10
kota
Missouri River system, South Dakota 680 Missouri River System, South Dakota
Lake Oahe, North and South Dakota 100 Lake Oahe, North and South Dakota 114 28.2 10
Fort Randall Dam, South Dakota to Niobrara, 80 Fort Randall Dam, South Dakota to Niobrara, 21 15.0 10
Nebraska* Nebraska
Lewis and Clark Lake,* South Dakota and Nebraska 40 20.3 10
Gavins Point Dam, South Dakota and Nebraska to 400 Gavins Point Dam, South Dakota and Nebraska to 200 49.8 10
Ponca, Nebraska Ponca, Nebraska
Other Missouri River sites 20 Cheyenne River, South Dakota 24 10.4 3
Sioux City, Towa? 4 5.6 7
Council Bluffs, [owa® 12 109 9
Niobrara River, Nebraska 200 Niobrara River, Nebraska 217 74.0 3
Platte River,? Nebraska 750 Lower Platte,* Nebraska. 408 73.7 9
Central Platte * Nebraska 147 31.5 10
North Platte River, Lake McConaughy,* Nebraska 8 8.1 10
South Platte,* Colorado and Nebraska 4 2.1 2
Elkhorn River,* Nebraska 21 13.5 7
Loup River, Nebraska 170 Loup River, Nebraska 121 52.4 6
Lower Mississippi and Ohio rivers, Ilinois, Missouri, 2.500 Lower Mississippi River, Illinois, Missouri, Kentucky, 4,283 1,762.3 9
Kentucky, Mississippi, Arkansas, Louisiana Mississippi, Arkansas, Louisiana
Ohio River, Illinois, Indiana, Kentucky 15 25.4 3
Wabash River, Gibson Lake,* Indiana 12 12.2 10
Arkansas River, Oklahoma 250 Arkansas River, Oklahoma 401 69.6 4
Arkansas River, Arkansas 150 Arkansas River, Arkansas 104 20.5 2
Arkansas River watershed reservoirs, Colorado® 23 15.5 8
Quivira NWR, Kansas 100 Quivera NWR, Kansas 53 7.4 7
Salt Plains NWR, Oklahoma 300 Salt Plains NWR, Oklahoma 161 63.7 7
Cimarron River, Kansas and Oklahoma 400 Cimarron River, Kansas and Oklahoma 280 162.9 4
Canadian River, Oklahoma 300 Canadian River, Oklahoma 140 40.9 6
Canadian River, Texas 12 3.4 5
Beaver and North Canadian rivers, Oklahoma 100 Optima NWR,*? Oklahoma 24 27.0 i
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Table 2. Continued.

Recovery Flan Survey data
Population
Area objective Area i sD No. years

Prairie Dog Town Fork, Red River, Texas 300 Prairie Dog Town Fork, Red River, Texas 22 16.1 5

Rie Grande system 500 Rio Grande, Amistad Reservoir,* Texas 18 11.0 3
Rio Grande, Lake Casa Blanca,® Texas 28 19.3 3
Rio Grande, Falcon Reservoir,® Texas 238 159.2 5
Dallas County, water treatment plant, Texas® 20 0.0 4
Bitter Lake NWR area,® New Mexico 9 3.3 10

Total 7,000

# Numbers of least terns were not specifically stated in the Recovery Plan for these areas.
b Optima NWR is located at the confluence of 2 tributaries of the Beaver River but is not actually on the Beaver River.



Table 3. Significant estimated population trends for interior least terns in local areas, 1986-95. Instantaneous rate of population
change, r, was estimated as the slope of the regression of year on the natural log of least tern numbers. Finite trend was
estimated as A = e’. A deterministic population model for least terns (Kirsch 1996) was used to calculate the “required” fledglings
per pair needed to support the observed trend.

Finite %o Required
trend No. change fledglings
Local area r SD(r) P X yearst fyear fpair
Missouri River, Garrison Dam to Lake Oahe,

North Dakota 0.057 0.0161 0.024 1.059 10 5.9 0.740
Missouri River, Council Bluffs, Iowa -0.222 0.0389 0.002 0.801 7 =199 0.075
Elkhorn River, Nebraska 0.212 00524 0.010 1.236 7 23.6 1.699
Arkansas River watershed reservoirs, Colora-

do 0.230 0.0835 0.033 1.259 9 25.9 1.850
Optima NWR, Oklahoma -0.222 0.0486 0.045 0.801 4 -19.9 0.075
Wabash River, Gibson Lake, Indiana 0.305 0.0958 0.013 1.357 8 35.7 2.580

Lower Mississippi River, Illinois, Missouri,
Kentucky, Mississippi, Arkansas, Louisiana 0.120 0.0216 0.001 1.128 9 12.8 1.065

* Number of years during 1986-95 for which survey data were available for analysis.

G.111



G.9.7 Schuetz 2011

Observed Trend:
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Figure 1. Number of California least tern pairs breeding in
California from 1973-2009.
doi:10.1371/journal.pone.0019489.g001
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Figure 5. Partial dependence plots showing marginal effect of A) year and B) latitude from analysis of clutch size. The solid lines show
fits derived from the generalized additive mixed model. Dotted lines indicate 95% confidence intervals. Clutch size data were unavailable from 2001-
2003.

doi:10.1371/journal.pone.0019489.g005
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Figure 6. Partial dependence plots showing marginal effect of A) clutch size, B) year, C) S5T-JJA, and D) latitude from analysis of
fledgling productivity. The solid lines show fits derived from the generalized additive mixed model. Dotted lines indicate 95% confidence
intervals. Clutch size data were unavailable from 2001-2003, precdluding analysis of productivity in those years.
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Observed Trend:
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G.9.9 Elliott et al. 2007

Observed Trend:

1981 1997 2004

Natural log of breeding pairs
FS

1975 1980 1985 1890 1995 2000 2005

Year

Figure 2. Estimated population size of the Alameda
Point Least Tern colony from 1976-2004. (* = El Nino
vears. Years of important site changes are noted: 1981 =
electric fence was erected; 1997 = Naval Air Station clo-
sure; 2004 = chain link fence erected.)
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G.9.10 Sherfy et al. 2008

Observed Trend:

2006-2007 Primary Crew LETE Data
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Figure 11. Number of adult least terns observed by primary crews during weekly surveys of the
Garrison Reach of the Missouri River during 2006 (light bars) and 2007 (dark bars). Numbers are
not adjusted for detection probability based on secondary crew observations, noris any
information available on the number of breeding pairs represented by these counts.

G.9.11 Kirsch 1996

Observed Trend:

Table 22. Estimated population trend (r) for model least tern populations with 0.50 fledglings per pair, 6 levels of survival from
fledging to 2 years of age, and 6 levels of annual adult survival.

Survival from fledging to 2 yrs

Adult
survival 0.30 0.40 0.50 0.65 0.70 0.80
0.70 —0.260 -0.225 -0.191 —0.166 —0.143 =0.120
0.75 -0.209 -0.175 -0.142 -0.119 —-0.096 -0.074
0.80 —0.161 —-0.128 —0.096 —-0.074 —0.052 —0.031
0.85 —-0.116 —0.083 —0.053 —-0.031 —0.010 0.010
0.90 -0.072 —0.041 —-0.011 0.010 0.030 0.050
0.95 —-0.003 0.000 0.029 0.049 0.069 0.088
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G.10 Detection Probabilities

G.10.1 Shaffer et al. 2013

Findings:

Table 5. Daily detection probabilities for least tern and piping plover nests on three Missouri River study areas, 2006-09, along with
probability that a nest would be detected in three and seven visits.

[LETE. least tern; PIPL, piping plover: GRR, Garrison River Reach: GVP. Gavins Point River Reach: SAK. Lake Sakakawea]

. Numberof ~ Number of Daily 95-percent . -
Species Study area Year opportunities  detections deteci!n.n cc.mhclence Three visits ~ Seven visits
probability interval
LETE GRR 2006 241 117 0.49 0.42-0.55 0.86 0.99
LETE GRR 2007 227 107 0.47 0.41-0.54 0.85 0.99
LETE GVP 2008 436 194 0.44 0.40-0.49 0.83 0.98
LETE GVP 2009 290 136 0.47 041-0.53 0.85 0.99
PIPL GRR 2006 366 237 0.65 0.60-0.70 0.96 1.00
PIPL GRR 2007 411 205 0.50 0.45-0.55 0.87 0.99
PIPL GVP 2008 572 237 0.41 0.37-0.45 0.80 0.98
PIPL GVP 2009 314 194 0.62 0.56-0.67 0.94 1.00
PIPL SAK 2007 202 107 0.53 0.46-0.60 0.90 0.99
PIPL SAK 2008 167 86 0.51 0.44-0.59 0.89 0.99

Table 26. Average number of attempts to relocate a fledging-
age chick (14-18 days for terns, 18-25 days for plovers), and the
estimated detection probability from simulation by species and

study area.

[Detection probability values and confidence intervals interpolated from
table 25. LETE. least tern: PIPL. piping plover: GRR. Garrison River
Reach: GVP. Gavins Point River Reach: SAK. Lake Sakakawea: NA. not

applicable]
Species Study Year Attempts Detectji:!n sgnl;iilr:::;
area probability interval

LETE GRR 2006 233 0.54 0.47-0.61
LETE GRR 2007 1.97 0.50 0.43-0.57
LETE GVP 2008 2.46 0.49 0.46-0.53
LETE GVP 2009 1.98 0.42 0.39-0.46
PIPL GRR 2006 NA NA NA
PIPL GRR 2007 2.54 0.86 0.84-0.89
PIPL GVP 2008 2.45 0.70 0.67-0.73
PIPL GVP 2009 4.54 0.80 0.78-0.82
PIPL SAK 2007 3.38 0.99 0.99-0.99
PIPL SAK 2008 341 0.99 0.99-0.99
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