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Abstract.—Count data suggest that Black Oystercatcher (Haematopus bachmani) has locally variable but globally
stable populations. A simple, stage-based matrix population model for Black Oystercatcher was built and Monte
Carlo simulations of the model were conducted using vital rates from peer-reviewed and gray literature. Simula-
tions yielded a distribution of potential population growth rates that extended from 0.87 to 1.14 and was centered
at 1.00, supporting the hypothesis of a globally stable Black Oystercatcher population. Sensitivity and elasticity
analyses of the population model showed that potential population growth is particularly sensitive to changes
in hatching success (i.e., proportion of eggs hatched), fledging success (i.e., proportion of chicks fledged), and
breeding adult annual survival. These rates could be possible targets for population management should it become
necessary given future changes in sea temperature, sea level, and coastal development. Pair productivity, which
integrates hatching and fledging success, is suggested as a simple and valuable metric for monitoring population
growth potential of Black Oystercatcher. Received 7 June 2017, accepted 14 December 2017.

Key words.—Black Oystercatcher, growth rate, Haematopus bachmani, population model, productivity, survival.

Waterbirds 41(2): 115-127, 2018

Black Oystercatcher (Haematopus bach-
mani) is a species of management interest
because of its limited geographic range,
small global population, and reliance on
intertidal habitat, which is experiencing
ongoing threats related to human develop-
ment and sea level rise (Tessler et al. 2014;
U.S. Shorebird Conservation Plan Partner-
ship 2016). The global population of Black
Oystercatcher is thought to fall between
12,000 and 17,000 individuals (Tessler et al.
2014; Weinstein et al. 2014). Ongoing sea-
bird counts (Tessler et al. 2014) and Audu-
bon Christmas Bird Counts (Weinstein et
al. 2014) suggest that Black Oystercatcher
abundance is increasing in some places and
decreasing in others, but is globally stable.
Count data, however, can be a misleading

indicator of population viability (Van Horne
1983; Pulliam 1988) because counts are af-
fected by movement of individuals, indepen-
dent of reproductive dynamics. Vital rate
data can complement count data when as-
sessing population status (Fryxell et al. 2014)
and are especially useful when interpreted
in the context of population models that
allow understanding the net results of inte-
grated rates on potential population growth
(Hitchcock and Gratto-Trevor 1997).

The goal of this study was to survey the
Black Opystercatcher literature and use the
available data on Black Oystercatcher vital
rates to build and populate a stage-based
matrix population model. The model was
intended to be simple and generic, built for
heuristic purposes (Hitchcock and Gratto-
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Trevor 1997). Our objectives were to use the
model to explore: 1) if vital rate observations
reported in the literature are consistent with
the hypothesis that Black Oystercatcher pop-
ulations are globally stable; and 2) how dif-
ferent life stages influence potential for pop-
ulation growth should management actions
to increase Black Oystercatcher populations
become necessary.

METHODS

General Approach

Our general approach was to obtain Black Oys-
tercatcher vital rates from published articles and un-
published reports (Appendix) and use them to build
a stage-based matrix population model with a model
structure informed by the availability of vital rate data
(Morris and Doak 2002). Upon constructing a popu-
lation model, we conducted Monte Carlo simulations,
where model inputs were drawn at random from vital
rate distributions (Morris and Doak 2002). These simu-
lations produced distributions of model outcomes with
probabilistic uncertainties that propagated from uncer-
tainties in the inputs. Our primary outcome of interest
from the population model was the finite annual rate
of increase (A), an estimate of potential population
growth based on input rates of survival and reproduc-
tion. Following model simulations, we regressed A val-
ues against input vital rate values to determine which
of the rates were most closely tied to potential popu-
lation growth (Morris and Doak 2002). We conducted
this exercise two times: once using a detailed version of
the model with several subcomponents of reproductive
output (hereafter, detailed model), and once using a
simpler version, with a more integrative measure of re-
production (hereafter, simplified model).

Literature Survey of Vital Rates

We searched both peerreviewed and gray literature
for Black Oystercatcher survival and reproduction data.
Information published before 1995 was identified in a
comprehensive species account for Black Oystercatch-
er (Andres and Falxa 1995). With this foundation, we
searched the literature to identify newer information
published between 1995 and 2017 (Appendix). We ac-
cessed original publications and reports whenever pos-
sible to verify variable definitions and values. In most
cases, vital rates were pulled directly from manuscript
tables. In fewer cases, values were pulled from the text
of the manuscript or were extracted from figures.

Here, survival estimates were defined as the propor-
tion of individuals in a particular stage that survived
a full year. Note that the reported rates are apparent
survival rates, which are biased low by an unknown
amount due to imperfect detection and emigration
(Sandercock 2006; Murphy et al. 2017). The logical
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consequence of this bias is that population growth rates
derived from apparent survival will be biased low, also
by an unknown amount. Reproduction data used in this
analysis included clutch size, hatching success, fledging
success, and pair productivity. Clutch size was defined as
the number of eggs laid per pair per year, and generally
reflected the size of the first clutch of the season. Hatch-
ing success was defined as the proportion of eggs in a
clutch that hatched into nestlings and, again, generally
reflected the results of the first nesting attempt of the
season. Fledging success was defined as the proportion
of nestlings (i.e., hatched eggs) that fledged or were as-
sumed to fledge after approximately 35 days. Pair pro-
ductivity was defined as the number of fledglings, or as-
sumed fledglings, per breeding pair per year.

Stage-based Population Model

We built a stage-based matrix population model for
Black Oystercatcher (Fig. 1), where all calculations were
restricted to the abundances and vital rates of females
(Caswell 2001). We note that vital rates reported in the
literature were seldom sex specific; therefore, we aggre-
gated rates reported for either or, usually, both sexes to-
gether. Given the granularity of information on survival
and reproduction from the literature, we settled on a
model with two stages, a subadult stage (S) with indi-
viduals = 1 and < 5 years old, and a breeding adult stage
(A) with individuals = 5 years old (Andres and Falxa
1995). The abundance (N) per stage (i) ata future time
(t + 1) was calculated from current abundance and a
transition matrix as

Ns‘(tJr 1)]: [Ns(t):l I:Ps FA] (Eq 1)
Na(t+1) Na(2) Gy Py
The transition matrix contained parameters reflecting

survival within (P) and transition between (G,) stages
where

_( =2 ””) ,_ pMap)
R_(l—P,d' b, and (’S_ l_l)\,zj :

Here, p, is stage-specific apparent survival rate and d, is
the stage duration in years (Crouse et al. 1987). For this
study, we set the subadult duration d; = 3 and the adult
duration d, = [ - 4, where [was the lifespan for the spe-
cies. In addition to survival information, the transition

(Eq. 2)

matrix also contained information on the reproductive
output of adults, F,, where

F = (r)(c)(e)(n)(s) = (r)(NH(s). (Eq.3)

Here ris the typical sex ratio of chicks (assumed to be
0.5), cis clutch size, eis hatching success, n is fledging
success, [is pair productivity, and s is first-year survival
(the apparent survival rate of birds after fledging and
until they are 1-year old). Note in Eq. 3 that we consider
pair productivity as the product of clutch size, hatch-
ing success, and fledging success. In the detailed model,
we constructed F, using the more detailed formulation
(middle part of Eq. 3), and in the simplified model, we
used the simpler formulation (right side of Eq. 3).
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Figure 1. Life stage diagram corresponding with the stage-based matrix population model for Black Oystercatchers
used in this analysis. Circles labeled with S and A represent pools of individuals in subadult and adult stages. Vectors
labeled with Prepresent survival within subadult and adult stages. The vector labeled with G represents survival and
transition from subadult to adult stages. The vector labeled with Frepresents reproduction by breeding adults and

survival of young through their first year.

Simulated Vital Rates and Population Projections

Vital rates collected from the literature (Appendix)
were estimates from across the species range, and incor-
porate variation due to space, time, and imperfect sam-
pling. We used these estimates to produce a probability
distribution for each vital rate. Probability distributions
were constructed using Bayesian regression where, in
all cases, a collection of estimates was modeled with a
global intercept (Wade 2002). In many cases, where
multiple estimates were available from each of multiple
regions, a random intercept for each U.S. state or Cana-
dian province was also included in the model. We used
the posterior predictive distributions from these mod-
els, which incorporate uncertainty in both the center
and scale of vital rate distributions, as probability distri-
butions to be used as inputs for the matrix population
model (Wade 2002).

For each Bayesian vital rate model, we specified an
appropriate vague prior distribution that depended
on the nature of the vital rate. Clutch size at a Black
Oystercatcher nest is a discrete variable that ranges
from 1 to 5, though it is typically reported as a popula-
tion average on a continuous scale (Andres and Falxa
1995). Similarly, the number of fledglings produced
per pair per year is a discrete variable that ranges from
0 to 5 in Black Oystercatcher, though pair productiv-
ity is typically reported as a population average on a
continuous scale (Andres and Falxa 1995). Given that

clutch size and pair productivity are usually reported
as continuous variables with values greater than zero,
we modeled them using gamma distributions. Hatch-
ing success, fledging success, first-year survival, and
adult survival rates are typically reported as continuous
proportions (Andres and Falxa 1995). Given theoreti-
cal bounds of 0 and 1, we modeled these rates using
beta distributions. Bayesian models of vital rates were
constructed using the brms package (Birkner 2017), a
library for interfacing the Stan probabilistic program-
ming language (Carpenter et al. 2017) with the statisti-
cal program R (R Development Core Team 2016).

Random draws from posterior predictive distribu-
tions for vital rates were used as input values over 50,000
simulations of the otherwise deterministic matrix popu-
lation model. With this many draws from distributions
that, in some cases, extend to infinity, an occasional and
highly unusual observation is likely to enter the model,
resulting in a highly improbable outcome. These im-
probable outcomes can obscure the qualitative trends
that the simulations are meant to uncover (Morris and
Doak 2002). We avoided this situation by truncating in-
put distributions to the middle 99% of values, at the
0.5th and 99.5th percentiles of posterior predictive dis-
tributions (Morris and Doak 2002). The bounds of the
truncated distributions consistently bracketed observed
values (Table 1; Appendix).

There were a few parameters explicitly or implicit-
ly included in the population model for which we had
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Table 1. Sensitivity and elasticity of Black Oystercatcher potential population growth rate in relation to population

model parameters and their ranges used in simulations.

Population Model Parameter Minimum Maximum Sensitivity Elasticity
Detailed model

Clutch size 1.84 3.09 0.036 0.008
Hatching success 0.05 0.93 0.195 0.037
Fledging success 0.09 0.89 0.184 0.029
First-year survival 0.09 0.98 0.152 0.024
Adult survival 0.47 1.00 0.559 0.039
Maximum lifespan 16.00 24.00 0.002 0.006
Simplified model

Productivity 0.11 1.43 0.161 0.036
First-year survival 0.09 0.98 0.154 0.024
Adult survival 0.47 1.00 0.555 0.039
Maximum lifespan 16.00 24.00 0.002 0.005

little information. First, we assumed that females be-
gin breeding at age 5 and attempt to breed each year
thereafter, an assumption supported by observations
reported in Hazlitt and Gaston (2002) and Andres
and Falxa (1995). Second, there is little information
on the maximum lifespan of the species. Anecdotal
observations from California, USA, suggest that indi-
viduals live at least 16 years (Andres and Falxa 1995).
Band recovery data for the American Oystercatcher
(Haematopus palliatus), a closely related species, dem-
onstrates that individuals can live until the age of 23
years and 10 months (Lutmerding and Love 2017).
Given the lack of information on lifespan, we modeled
it as a uniform distribution with a minimum value of
16 and a maximum value of 24. Other model param-
eters, such as first-year and adult survival, were based
on small sample sizes. In these cases, we note that es-
timates for Black Oystercatchers were well within the
ranges reported for other oystercatcher species (Ens
and Underhill 2014; Felton et al. 2017; Murphy et al.
2017; Wilke et al. 2017). Also underlying our model
were assumptions that vital rates were not strongly
correlated with one another and were not correlated
with population density. Both of these assumptions are
likely incorrect, adding unknown bias and imprecision
to our results (Morris and Doak 2002), but data limita-
tions prevented us from evaluating these relationships
in a robust way and incorporating relationships into
simulations.

Population projections of the matrix population
model were conducted using the popbio package (Stub-
ben and Milligan 2007) written for the statistical pro-
gram R. For each Monte Carlo iteration, the matrix
model was initialized with an initial abundance of 3,000
subadult females and 3,000 breeding adult females,
roughly corresponding with estimates of the global
population size (Tessler et al. 2014). The model was
projected for 30 years, during which time the model
quickly converged on a stable stage distribution and A
value. These values, along with total abundance at 30
years and vital rate inputs, were saved for subsequent
sensitivity and elasticity analyses.

Sensitivity and Elasticity of Potential Population Growth
to Vital Rates

Sensitivity and elasticity of A to the different vital
rates included in the matrix population model were
evaluated using two different methods. First, we as-
sessed these properties visually, using bivariate plots of
A outputs vs. vital rate inputs. Second, we used multiple
regression, where an output A was the dependent vari-
able, modeled as an additive linear function of multiple
vital rate inputs. In the context of the detailed model,
inputs included clutch size, hatching success, fledging
success, first-year survival, adult survival, and maximum
lifespan. For the simplified model, inputs included pair
productivity, first-year survival, adult survival, and maxi-
mum lifespan. For sensitivity analyses, variables were
centered on the mean before analysis, retaining their
original scale. For elasticity, variables were centered and
then scaled by the standard deviation before analysis to
attain standardized coefficients. In all cases, an additive
linear model explained most of the variation in A (R >
0.88), indicating that interaction terms were not neces-
sary (Morris and Doak 2002).

RESULTS

Posterior Predictive Distributions of Vital
Rates

We were able to find 75 estimates of nine
Black Opystercatcher vital rates, from five
U.S. States or Canadian Provinces, in the
published or gray literature (Appendix). We
identified 20 estimates of mean clutch size
from Alaska, California, and Washington,
USA, and British Columbia, Canada. Per-
centiles from the posterior predictive distri-
bution for clutch size were 1.84, 2.26, 2.41,
2.56, and 3.09 for the Oth (minimum value),
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25th, 50th, 75th, and 100th (maximium
value) percentiles, respectively (Fig. 2). Pos-
terior mean and 95% credible intervals for
parameter values of the gamma distribution
fit to clutch size data were shape, a, = 128.98
(60.45-223.30) and rate, 3, = 53.39 (26.07-
88.67).

We found 14 estimates for average
hatching success, from Alaska, Oregon, and
Washington, USA, and British Columbia,
Canada. Percentiles (as above) from the
posterior predictive distribution for hatch-
ing success were 0.05, 0.33, 0.46, 0.61, and
0.93, respectively (Fig. 2). Posterior mean
and 95% credible intervals for parameter
values of the beta distribution fit to hatch-
ing success data were shape parameter 1, o,
= 3.12 (1.09-6.84) and shape parameter 2,
B,=3.53 (1.84-5.18).

There were 12 estimates of average fledg-
ing success, from Alaska and Washington,
USA, and British Columbia, Canada. Percen-
tiles (as above) from the posterior predictive

119

distribution were 0.09, 0.38, 0.49, 0.60, and
0.90, respectively (Fig. 2). Posterior mean
and 95% credible intervals for parameter
values of the beta distribution fit to fledging
success data were o = 5.15 (1.65-11.64) and
B =5.36 (2.46-8.48)

We were only able to identify four indi-
vidual observations of firstyear apparent
survival rate, from British Columbia, Can-
ada. Percentiles (as above) describing the
posterior predictive distribution of first-year
survival were 0.09, 0.50, 0.60, 0.70, and 0.98,
respectively (Fig. 2). Posterior mean and
95% credible intervals for parameter values
of the beta distribution fit to first-year sur-
vival data were o = 10.10 (1.01-35.61) and p
=6.75 (1.27-12.92).

We found four published adult apparent
survival rates, from Alaska, USA, and British
Columbia, Canada. Percentiles for the poste-
rior predictive distribution for adult survival
were 0.47, 0.88, 0.92, 0.95, and 1.00, respec-
tively (Fig. 2). Mean and 95% credible inter-
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3 S 00504 5 006
8 8 8
S 0050 S S
o O 0.025 o 003
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2.0 24 28 0.00 0.25 0.50 075 1.0 0.25 050 075
Clutch size (eggs/clutch) Hatching success (proportion) Fledging success (proportion)
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2 0.09 2 0154
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Figure 2. Distributions for Black Oystercatcher clutch size, hatching success, fledging success, first-year survival,
annual adult survival, maximum lifespan, and annual pair productivity. These distributions were derived from
posterior predictive distributions of Bayesian regression models trained on vital rate data from the literature. Ran-
dom draws from these distributions served as input values for Monte Carlo simulations of stage-based population

models.
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vals for parameter values of the beta distribu-
tion fit to adult survival data were o = 33.33
(3.14-102.57) and B = 3.26 (0.72-4.97).

Finally, we identified 15 estimates of av-
erage annual pair productivity, from Alaska,
Oregon, and Washington, USA, and British
Columbia, Canada. Percentiles (as above)
for the posterior predictive distribution for
pair productivity were 0.11, 0.39, 0.52, 0.68,
and 1.43, respectively (Fig. 2). Mean and
95% credible intervals for parameter values
of the gamma distribution fit to pair produc-
tivity data were o = 6.62 (2.82-12.15) and f§ =
12.01 (6.29-17.73).

Simulations of Population Growth

Posterior predictive distributions for vital
rates were used to generate random inputs to
the matrix population model during Monte
Carlo simulations. The Monte Carlo distribu-
tion for A resulting from the detailed model,
where F, « (c)(e)(n), was centered at 1.00.
The 2.5th, 25th, 50th, 75th, and 97.5th per-
centiles for Monte Carlo distribution were
0.85, 0.95, 1.00, 1.04, and 1.13, respectively
(Fig. 3). The Monte Carlo distribution for A
resulting from the simplified model, where
F, = f, was also centered at 1.00, with per-
centiles of 0.86, 0.96, 1.00, 1.04, and 1.12, re-
spectively (Fig. 3). In both cases, distributions
covered values for both positive and negative
potential population growth.
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Sensitivity and Elasticity of Potential Popula-
tion Growth to Vital Rates

Vital rates appeared to differ in their
impact on potential population growth of
Black Oystercatcher. Plots of A vs. vital rates
demonstrate that modeled A was not strong-
ly related to clutch size or maximum age of
adults (Fig. 4). In contrast, first-year survival
had an intermediate effect and adult survival
rate had a strong effect on modeled A (Fig.
4). In the detailed model, hatching success
and fledging success had strong impacts on
modeled A, and in the simplified model pair
productivity, a metric that integrates clutch
size, hatching success, and fledging success,
had a strong effect on modeled A (Fig. 4).

Sensitivity and elasticity were also assessed
via multiple regression with A regressed
against a linear combination of vital rates.
The coefficients for sensitivity and elasticity
in Table 1 described a similar pattern as the
plots in Figure 4, that modeled A was most
strongly related to hatching and fledging
success, pair productivity, and adult survival.
The effect of adult survival appeared partic-
ularly strong when vital rates were regressed
on their original scale for the sensitivity
analysis (Table 1). However, when rates were
standardized for the elasticity analysis, it ap-
peared that hatching and fledging success,
pair productivity, and adult survival were of
similar importance (Table 1).

0.15 4

o
=)

Probability

0.05 1

~ @ - “
S =] - -

Lambda (potential growth rate)

Figure 3. Histograms depicting Monte Carlo output distributions for Black Oystercatcher potential population
growth (Lambda) from the detailed and simplified models. Distributions are centered near 1.00, which indicates
a stable population. Spread is determined by spatial and temporal variation in vital rates as well as estimate uncer-

tainty.
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Figure 4. Pairwise relationships between input Black Oystercatcher vital rates and output potential population
growth rate (Lambda) from 50,000 Monte Carlo simulations of the stage-based matrix population model. Gray lines
indicate a value of 1.00, which indicates a stable population. Values above and below gray lines indicate increasing

and decreasing populations, respectively.

DiscussioN

We built a stage-based matrix population
model for Black Oystercatcher and populat-
ed the model with vital rates from the Black
Oystercatcher literature to see if observed
vital rates yielded population growth rates
consistent with the hypothesis that Black
Oystercatcher populations are globally sta-
ble. We found that, indeed, average empiri-
cal rates from across the species range pro-
duce potential population growth rates that
are not significantly different from A = 1.00,
which would indicate stable populations.
Thus, the hypothesis of globally stable Black
Oystercatcher populations based on abun-
dance observations is defensible from a vital
rates perspective.

Several factors governing vital rates and
abundance of Black Oystercatcher will likely
change over time. For example, ongoing
sea level and sea temperature rise (National
Research Council 2012) will likely change

the availability of intertidal habitat and prey
(Galbraith et al. 2002). Coastal development,
and subsequent changes in predator com-
munities, will also likely have impacts. If, at
some point, it becomes necessary to actively
manage Black Oystercatcher populations, it
will be useful to know which life stages are
likely to have the greatest impact on popu-
lation growth rates. Sensitivity and elasticity
analyses of the population model indicated
that activities that increase the likelihood
of hatching and fledging success will have
a relatively large positive impact on popu-
lation growth rates. Similar activities have
been adopted in the management of other
shorebird species (Isaksson et al. 2007), such
as the Piping Plover (Charadrius melodus),
where it is common to erect physical barriers
to nest predators (Mabee and Estelle 2000;
Maslo and Lockwood 2009). The other vi-
tal rate with a notable effect on population
growth rate was adult survival, a common
finding for long-lived vertebrates (Saether
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and Bakke 2000). Managing adult survival is
likely to be more difficult than nesting suc-
cess given that adults are highly mobile while
eggs and chicks are not. Further, survival es-
timates for Black Oystercatcher are relatively
high already, so there is little room improve-
ment (Felton et al. 2017).

Shorebird monitoring programs occur
across the Americas, and many of these pro-
grams yield estimates of hatching success,
fledging success, or pair productivity. The re-
sults from this analysis provide some insight
into how vital rate observations for Black Oys-
tercatchers can be interpreted. For example,
Figure 4 suggests that pair productivity ob-
servations greater than about 0.65 are likely
a good sign for a local population under the
assumption that first-year and adult survival
are not too far below average for that popu-
lation. Similarly, pair productivity estimates
below 0.35 are likely a sign of caution. These
suggestions come from a qualitative read-
ing of Figure 4, which is most appropriate
given the nature of our analysis. However, it
is interesting to note that these patterns are
very similar to those recently described for a
closely related species. For instance, Felton
et al. (2017) suggested that pair productiv-
ity of 0.63 indicated stable populations of
American Opystercatchers along the Atlantic
coast of North America.

We recommend qualitative interpreta-
tion of our results given the simplifications
made in constructing this model and run-
ning the simulations. Given the limited avail-
ability of data, we were forced to assume that
vital rates were independent of one another.
This is likely not true, as conditions that fa-
vor hatching success might also favor fledg-
ing success (Morris and Doak 2002). It is en-
couraging that model results were so similar
between the detailed model, populated by
independent hatching and fledging success
inputs, and the simplified model, populated
by, in some cases, independent pair produc-
tivity estimates that naturally incorporate
potential correlations between hatching and
fledging success. Model simulations also im-
plicitly assumed that Black Oystercatcher vi-
tal rates are not strongly density dependent.
Again, this assumption is not likely to be
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true (Morris and Doak 2002), but estimating
density dependence for vital rates requires
data on multiple vital rates from single time
periods and locations, which were not widely
available.

Another modeling decision that impacts
conclusions from this analysis is our treat-
ment of uncertainty. There are different
schools of thought on how to deal, or not
deal, with parametric uncertainty in popu-
lation simulation (Heard et al. 2013). At
one end of the spectrum, sampling error is
estimated and removed from the total un-
certainty associated with simulation results
(Morris and Doak 2002). This is sometimes
recommended when precise extinction
probabilities are a priority outcome of an
analysis. At the other end of the spectrum,
uncertainty in model inputs is incorporated
at every time step in a simulation (in this
case, year is the time step), leading to very
large uncertainty in results as the simula-
tion proceeds across years (McGowan et al.
2011). We took an intermediate approach
by incorporating the natural variation and
methodological uncertainty in vital rates us-
ing Bayesian estimation and posterior pre-
dictive distributions for model inputs (Wade
2002), but not incorporating uncertainty at
each time step within a single iteration. Our
approach leads to uncertainty estimates that
fall between those of the other methods.
Regardless of which method is chosen, Mc-
Gowan et al. (2011) have shown that each
of these three approaches leads to similar
mean results.

A relatively simple, stage-based matrix
population model for Black Oystercatcher,
when populated with empirical vital rates
from the literature, yielded results that were
consistent with the hypothesis that local
Black Oystercatcher populations are increas-
ing in some areas and decreasing in others,
and are globally stable. Sensitivity and elas-
ticity analyses suggested that population
growth is particularly sensitive to changes
in hatching success, fledging success, and
their product, pair productivity, and indicate
these stages as possible targets for popula-
tion management should it become neces-
sary. We suggest that pair productivity is a
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useful measure for monitoring the popula-
tion growth potential of Black Oystercatcher
as it has a straightforward definition and
naturally integrates potential correlations
between other vital rates. We recommend
that modeling activities such as these are
updated as more detailed, site-specific in-
formation on Black Oystercatcher vital rates
becomes available.
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