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The East Asian-Australasian Flyway (EAAF) supports a greater diversity of migratory shorebird 

species than any other flyway in the world. The EAAF also includes the largest number of 

imperilled shorebird species. Though the main cause of population declines is habitat degradation, 

we have focused this paper on hunting, which is locally practiced in some regions of the EAAF and 

exacerbates shorebird population declines. Understanding the ability of populations to withstand 

harvest mortality without significant risk of extirpation or extinction is critical to the development 

of effective management plans. We used a harvest theoretic approach to estimate sustainable 

mortality limits for migratory shorebird populations within the EAAF. For species with adequate 

demographic data, annual sustainable mortality estimates ranged over five orders of magnitude 

from 70,140 to just four birds. The populations that were most vulnerable to mortality were Spoon-

billed Sandpiper (Calidris pygmaea) and the Dunlin subspecies (C. alpina actites), with maximum 

harvest limits of 4 ± 1 birds and 16 ± 4 birds, respectively. These mortality limits provide a means 

of evaluating whether current harvest levels are unsustainable; however, there is a clear need for 

additional research focused on shorebird populations in the EAAF. Many of the most recent 

population size estimates in the literature are dated, life-history information for nearly half of 

shorebird species is lacking, and for many other species, is poorly understood at the level of 

populations or subspecies. For these reasons, sustainable mortality estimates reported here should 

be considered as initial benchmarks for future refinement as more demographic data become 

available. 

 
INTRODUCTION 

The East Asian-Australasian Flyway (EAAF) is one of 

nine major routes used by migrating birds. Spanning 

three continents and 22 countries, it is one of the largest 

and most species-rich migratory corridors in the world. 

The EAAF supports more migratory shorebird species, 

including more threatened and declining species, than 

any other flyway (IWSG 2003, Milton 2003, Delany et 

al. 2010, Conklin et al. 2014). There are 54 shorebird 

species known to occur in the EAAF (Bamford et al. 

2008). Of these species, 15 are geographically restricted 

to the EAAF and several have multiple subspecies or 

populations that occur within the EAAF (Bamford et al. 

2008). 

The current outlook for many shorebird populations 

using the EAAF is bleak. Nebel et al.’s (2008) review of 

populations in eastern Australia documented a 79% 

decline in migratory shorebirds in 24 years. Of the 32 

shorebirds within the EAAF examined by Zöckler et al. 

(2013), all of the populations with known trends were 

declining. Conklin et al. (2014) report that 24 out of 25 

EAAF populations with known trends are in decline, 

while one population (Black-winged Stilt Himantopus 

himantopus himantopus) is increasing. Four shorebird 

species occurring within the EAAF appear on the IUCN 

Red List as globally Threatened and four others are Near 

Threatened. The majority (>60%) of shorebird population 

trends in the EAAF are unknown (Zöckler et al. 2013, 

Conklin et al. 2014), and there are limited demographic 

data available for the shorebirds in this region relative to 

the other major flyways. 

Migratory shorebirds are particularly vulnerable to 

anthropogenic and environmental pressures because 

each species depends upon multiple sites of importance, 

including breeding and wintering (non-breeding) 

grounds, and stopover sites. Furthermore, many shorebird 

species are vulnerable to changes in mortality rates 

because their reproductive potential is relatively low 

(Brown et al. 2001). These risks have been borne out, 

evidenced by the declining populations within the EAAF 

(Amano et al. 2010, Birds Korea 2010, Zöckler et al. 

2013, Conklin et al. 2014). The pattern of decline is 

expected to persist as development continues and 

shorebird populations are concentrated into smaller 

remaining habitats (Amano et al. 2010, Yang et al. 

2011, Sutherland et al. 2012). 

With over a third of the world’s human population 

and many of the fastest-developing nations located 

within the EAAF (Barter 2005, Kirby et al. 2008), 

anthropogenic factors are the largest contributors to 

shorebird population declines. Over 80% of the wetlands 

in East and South-East Asia are threatened (Scott and 

Poole 1989, Stroud et al. 2006). Nearly half of intertidal 

wetlands in coastal China and South Korea have been 

lost over the past 30 years (Barter 2005, Yang et al. 

2011). Up to 400,000 ha of intertidal mudflats are lost 

each decade in the Yellow Sea, a critical migratory 

stopover site (Murray et al. 2011, Yang et al. 2011, Ko 

et al. 2011). Plans for additional development in the 

region are expected to impact significant areas of 

wetland habitat (Barter 2005, Rogers et al. 2010). 

Despite substantial losses and threats to remaining 
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habitat, only 5% of intertidal wetlands are protected 

(Zöckler et al. 2013). 

Hunting is another important source of human-

caused shorebird mortality both within the EAAF and 

globally, and is the focus of this paper. Shorebird 

hunting includes subsistence harvest, market harvest, 

and recreational activities. Regulations protecting 

shorebird  species have been established in many 

countries throughout the EAAF, but hunting persists in 

some regions as a significant threat to migratory birds, 

including South-East Asia and the breeding grounds 

(Zöckler et al. 2010a, BirdLife International 2014, 

Gallo-Cajiao 2014). Unfortunately, current hunting 

pressure on shorebirds within the EAAF is not 

systematically monitored or quantified and is thus 

poorly understood. 

To protect shorebirds within the EAAF, it is 

important to understand the ability of populations to 

withstand mortality without significant risk of losing the 

species or population. Our objective was to use the best 

available demographic parameter estimates to conduct 

potential biological removal (PBR; MMPA 1972) 

analyses for migratory shorebird species within the 

EAAF. PBR has been used to estimate the level of 

mortality that a focal population can absorb while 

meeting management objectives (Wade 1998). The 

sustainable mortality limits generated through PBR 

provide coarse demographic objectives to inform 

management actions, making PBR a valuable tool for 

avian conservation (e.g. Runge et al. 2004, 2009; 

Dillingham and Fletcher 2008, 2011; Watts 2010). We 

also use this analytical approach to highlight where data 

are lacking and thus, hindering acquisition of more 

robust estimates. 

 

METHODS 

Study species 
 

We focused on migratory shorebird populations within 

the EAAF (N = 54 species). Though several migratory 

species have sedentary forms within the EAAF, 

including Double-banded Plover (Auckland Is.; 

Charadrius bicinctus exilis), Little Ringed Plover (C. 

dubius papuanus and C. d. jerdoni), and Kentish Plover 

(C. alexandrinus javanicus), this study focuses on 

migrants only. We have excluded any subspecies that 

are entirely sedentary from the analysis. For some 

migratory species and subspecies, including Black-

winged Stilt (H. h. himantopus), Double-banded Plover 

(C. bicinctus bicinctus), Oriental Pratincole (Glareola 

maldivarum), Solitary Snipe (Gallinago solitaria 

solitaria), and Long-billed Plover (C. placidus) 

(Bamford et al. 2008), portions of the population do not 

migrate. Because current population estimates generally 

do not distinguish between migratory and sedentary 

portions of shorebird populations, both portions were 

included in the analysis. We have considered each 

migratory subspecies using the EAAF separately in our 

analyses where current population estimates distinguish 

between all forms of a species occurring within the 

flyway (e.g. Bar-tailed Godwit (Limosa lapponica) 

subspp. and Dunlin (Calidris alpina) subspp.). 
 

Potential Biological Removal Models 
 

Potential biological removal (PBR) was originally 

developed for use in marine mammal population 

management and is defined by the United States Marine 

Mammal Protection Act as the maximum number of 

animals that may be removed from a stock while still 

allowing that stock to reach or maintain its optimum 

sustainable population (MMPA 1972). This includes 

only anthropogenic take and excludes natural 

mortalities. The model is a fixed harvest-rate strategy, 

which is fairly robust to uncertainty and stochasticity 

(Quinn & Deriso 1999). As their name implies, fixed 

harvest-rate strategies seek to maintain a constant 

harvest rate and are therefore state-dependent (Runge et 

al. 2009). This strategy allows for adaptive management 

of populations, adjusting acceptable harvest levels to 

current population conditions (Lancia et al. 1996, Runge 

et al. 2009). The utility of the model is in its reliance 

upon relatively few demographic parameters, including 

a minimum population estimate, the maximum 

theoretical net productivity rate of the stock at small 

population size, and a recovery factor that is set between 

0.1 and 1.0 according to population status and 

management objectives (MMPA 1972). For these 

reasons, the model has been adapted for use with other 

taxonomic groups, including birds (e.g. Runge et al. 

2004, 2009; Dillingham and Fletcher 2008, 2011; Watts 

2010).  

We estimated PBR in units of maximum number of 

birds that may be taken annually for migratory shorebird 

populations within the EAAF using the formula: 
 

N
Fr

PBR t
r

t min,
max

2


   (1) 
 

where rmax is the maximum population growth rate, Nmin,t 

is a conservative estimate of population size at time t, 

and Fr is a recovery factor (Wade 1998). The recovery 

factor represents a target mortality rate between zero and 

rmax (0 to 2) that is selected according to management 

objectives (Wade 1998, Runge et al. 2009). When Fr is 

near zero, little mortality is allowed and the population 

is expected to equilibrate near its carrying capacity. 

When Fr = 1, the strategy seeks to maintain the 

population near maximum sustainable yield, or half the 

carrying capacity. With values of Fr near 2, the harvest 

rate approaches rmax and the population is held at a small 

fraction of its carrying capacity (Dillingham & Fletcher 

2008). A value of 1 < Fr < 2 attempts to maintain a 

population at below half of its carrying capacity. This 

involves significant risk and is generally not an 

appropriate strategy for conservation or recovery goals 

(Wade 1998, Dillingham & Fletcher 2008). Recovery 

factors less than 1.0 allow for a more robust strategy that 

is suitable even for populations of unknown status 

(Wade 1998). 
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We used the demographic invariant method (DIM) to 

estimate rmax (Niel and Lebreton 2005) using the 

formulas: 

1maxmax  r
    (2) 

and  
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    (3) 
 

where λmax is the maximum annual growth rate of the 

population, S represents adult survival, and α is the age 

at first reproduction, all under optimal conditions. In 

using this method, we can approximate rmax based on 

allometric relationships and life-history characteristics 

using relatively few input parameters (Niel and Lebreton 

2005). We defined uncertainty in parameter estimates 

using probability distributions. We used simulations to 

sample from the probability distributions independently 

and solve equations 3 and 1 numerically in R 3.1.2 (R 

Core Team 2014). The results from 10,000 replicates 

were used to describe uncertainty in PBR estimates. 
 

Parameter estimates 
 

We used the best available information approach in 

extracting estimates of demographic parameters from 

the literature. We used estimates from populations 

within the EAAF whenever possible. When EAAF-

specific estimates were not available, estimates were 

extracted from the same species in different flyways 

where this information was available. Flyway preference 

was given in the following order: 1) Central and West 

Asia, 2) Europe or Africa, and 3) North America. For 

species with incomplete parameter estimate information, 

we did not attempt to calculate PBR. We have listed 

these species along with their respective information 

gaps for the purpose of highlighting research areas in 

need of future study (Table 1). 

Population size (Nmin). We used the most recent 

available estimates of EAAF shorebird population sizes 

(Bamford et al. 2008, Cao et al. 2009, Rogers et al. 

2010, Conklin et al. 2014). For many populations, 

estimates are presented as a range. In these cases, we 

used the midpoint of the range (N) in the PBR 

calculation. Population size estimates are often based on 

the maximum number of individuals observed at one 

point in time and / or space, representing minimum 

estimates of the population. Thus, these estimates are 

more likely to underestimate than to overestimate the 

true population size. Because no variance estimates were 

reported for populations within the EAAF, we 

represented uncertainty using a uniform distribution 

spanning a range of values from a minimum (-25%) to a 

maximum (+50%): [N – (0.25*N)], [N + (0.5*N)], 

reflecting the greater likelihood that the population 

estimate (N) was lower than the true population size. 

Recovery factor (Fr). Recovery factor is assigned 

based on a species’ population status. A default Fr value 

of 0.5 is suggested to protect against potential bias and 

uncertainty in estimates of population size, adult 

survival, and age at first reproduction (Wade 1998, 

Dillingham & Fletcher 2008). A value of Fr = 0.3 has 

been suggested for near threatened species (Dillingham 

and Fletcher 2008), and Fr = 0.1 is suggested for 

threatened or endangered species (Wade 1998, Taylor et 

al. 2000, Niel and Lebreton 2005). 

The IUCN determines a species’ conservation status 

according to the following criteria: population size 

reduction, geographic range, small and declining 

population, very small and restricted population, and the 

probability of extinction. In most cases the data 

necessary to make determinations according to these 

criteria are unfortunately not available at the population 

or subspecific levels. We based our assignments of Fr 

score on the status of populations within the EAAF 

whenever possible as well as on information regarding 

the species’ global IUCN Red List status and trend 

(Appendix 2). Species listed under IUCN Threatened 

categories were assigned a score of 0.1. Species were 

also designated as Fr = 0.1 if there was information 

indicating that populations and / or subspecies within the 

EAAF were regionally Threatened, showed continuing 

declines ≥30% in 10 years, or had declining or 

geographically restricted populations of fewer than 1000 

mature birds (based on IUCN’s Vulnerable criteria at the 

level of subpopulations). When populations or 

subspecies within the EAAF were declining at rates 

<30% in 10 years, declining at unknown rates, or when 

listed either regionally within the EAAF or globally by 

the IUCN as Near Threatened, species were assigned a 

score of 0.3. IUCN Least Concern species (declining, 

stable, or increasing global trends) with no EAAF-

specific data or with stable or increasing population 

trends within the EAAF were designated as Fr = 0.5. 

Adult survival (S). In accordance with DIM (Niel and 

Lebreton 2005), we used the maximum adult survival 

estimate reported for a species to estimate λmax. 

Published survival estimates are largely derived from 

mark-recapture studies and thus represent apparent 

survival. As such, these estimates are often biased 

toward lower values due to emigration and low site 

fidelity in some populations. Where reported survival 

estimates do not represent the optimal parameter value, 

the estimate of rmax, and subsequently PBR, will 

generally be conservative (Niel and Lebreton 2005). 

For studies that presented multiple adult survival 

estimates, we took the weighted average as the overall 

estimate. For studies that presented a range of values, we 

used the midpoint in our calculations of PBR. The 

parameter estimates along with their respective sample 

sizes and study locations are reported (Appendix 1). 

Where available, we report variance as standard error. 

For these estimates, we described uncertainty with a 

truncated (0 to 1) normal distribution. Where no 

variance was reported, we described uncertainty with a 

uniform distribution spanning a range of ±10% of the 

estimate. Where +10% of the S estimate exceeded 1, the 

upper range of the survival estimate was truncated to 

0.99. 

Age at first reproduction (α). Though age to first 

reproduction is not a static life-history trait, we report 

the best available information on the expected age at 

first reproduction. When more than one value was 
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reported as the age at first reproduction for a species, we 

used the most commonly reported first breeding age. 

When more than one value was reported to occur in 

equal proportion or when no information about relative 

proportions of individuals beginning to breed at a given 

age was available, we described uncertainty in α using 

an even distribution that spanned the published range of 

values. 

 
Table 1. Migratory shorebird species within the East Asian-Australasian Flyway (EAAF) that were excluded from the PBR 

analyses due to incomplete demographic data. For each species, a literature search was conducted in order to establish estimates 

of demographic parameters including age at first breeding (α), adult survival rate (S), and population size within the EAAF 

(Nmin). No data were found on S for any of these species. Citations are provided where estimates of α and Nmin were available. 

Regional Red List status is provided for priority populations within the EAAF (Conklin et al. 2014). 
 

Common 

Name 
Species Name Subspecies α α citation Nmin Nmin citation 

Regional Red 

List 

Latham’s 

Snipe 

Gallinago 

hardwickii  
1 Rogers 2006 

25,000 – 

100,000 
Conklin et al. 2014  

Swinhoe’s 

Snipe 
Gallinago megala 

 
1 Rogers 2006 

25,000 – 

100,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Solitary Snipe 
Gallinago 

solitaria 
solitaria  - - 

10,000 – 

100,000 
Conklin et al. 2014  

Solitary Snipe 
Gallinago 

solitaria 
japonica - - 

1000 – 

10,000 
Conklin et al. 2014  

Pintail Snipe Gallinago stenura 
 

- - 
25,000 – 

1,000,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Little Curlew Numenius minutus 
 

1 Rogers 2006 180,000 
Bamford et al. 2008, 

Conklin et al. 2014 
 

Eastern 

Curlew 

Numenius  

madagascariensis  
3 to 4 

del Hoyo et al. 1996, 

Rogers 2006 
32,000 Conklin et al. 2014 

Near 

Threatened 

Spotted 

Redshank 
Tringa erythropus 

 
1 Møller 2006 25,000 Conklin et al. 2014  

Marsh 

Sandpiper 
Tringa stagnatilis 

 

usually  

1 

Cramp et al. 1983, 

Rogers 2006 

100,000 – 

1,000,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Nordmann’s 

Greenshank 
Tringa guttifer 

 
- - 1200 Conklin et al. 2014 Endangered 

Grey-tailed 

Tattler 
Tringa brevipes 

 

usually  

3 

Rogers 2006, Garnett 

et al. 2011 
44,000 Conklin et al. 2014 

Near 

Threatened 

Terek 

Sandpiper 
Xenus cinereus 

 

usually  

2 
Rogers 2006 50,000 Conklin et al. 2014  

Asian 

Dowitcher 

Limnodromus 

semipalmatus  
2 to 3 Rogers 2006 23,000 Conklin et al. 2014 

Near 

Threatened 

Long-toed 

Stint 

Calidris 

subminuta  
1 Rogers 2006 25,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Sharp-tailed 

Sandpiper 

Calidris 

acuminata  
1 Rogers 2006 160,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Broad-billed 

Sandpiper 

Calidris 

falcinellus 
sibirica 2 Rogers 2006 25,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Greater 

Painted-snipe 

Rostratula 

benghalensis 
benghalensis 

Presumed 

1 to 2 
Cramp et al. 1983 

10,000 – 

25,000 
Conklin et al. 2014  

Pheasant-

tailed Jacana 

Hydrophasianus 

chirurgus  
- - 

25,000 – 

100,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Lesser Sand 

Plover 

Charadrius 

mongolus 
atrifrons 2 to 3 Rogers 2006 40,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Lesser Sand 

Plover 

Charadrius 

mongolus 
schaeferi 2 to 3 Rogers 2006 30,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Lesser Sand 

Plover 

Charadrius 

mongolus 
mongolus 2 to 3 Rogers 2006 25,500 Conklin et al. 2014 Endangered 

Lesser Sand 

Plover 

Charadrius 

mongolus 
stegmanni 2 to 3 Rogers 2006 13,000 Conklin et al. 2014 Endangered 

Greater Sand 

Plover 

Charadrius 

leschenaultii 
leschenaultii 2 

Cramp et al. 1983, 

del Hoyo et al. 1996; 

Rogers 2006 

79,000 Conklin et al. 2014 Vulnerable 

Long-billed 

Plover 

Charadrius 

placidus  
1 Uchida 2007 

<10,000 – 

25,000 
Conklin et al. 2014  

Oriental 

Plover 

Charadrius 

veredus  
1 Rogers 2006 

145,000 – 

155,000 
Conklin et al. 2014  

Grey-headed 

Lapwing 
Vanellus cinereus 

 
- - 

25,000 – 

100,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Oriental 

Pratincole 

Glareola 

maldivarum  
1 Rogers 2006 2,880,000 

Bamford et al. 2008, 

Conklin et al. 2014 
 

Australian 

Pratincole 
Stiltia isabella 

 
- - 60,000 Bamford et al. 2008  
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Sensitivity analysis 
 

We performed a sensitivity analysis to assess any 

potential effects of inaccuracies in parameter estimates 

on PBR results. The influences of the recovery factor 

and population size on estimates of sustainable 

mortality are straightforward. Increasing Fr across the 

range (0.1 – 0.5) of values used here results in a five-

fold increase in PBR. Similarly, increasing population 

size results in direct and proportional increases in 

PBR. The impacts of varying α and S are less 

apparent. We examined the influence of variation in α 

and S on PBR using a hypothetical species with a 

population estimate of 183,400 (the average of the 

midpoints of all population estimates rounded to the 

nearest hundred) and an assigned Fr score of 0.3. We 

varied α by whole number increments (1 – 4) and S by 

increments of 0.05 (0.50 – 0.95) independently across 

the range of values reported for shorebird populations 

using the EAAF (Appendix 1). We evaluated the 

influence of shifts in these parameters on PBR 

estimates relative to population size. 

 

RESULTS 
 

We were unable to attain estimates of the necessary 

demographic parameters for nearly half (44%) of all 

migratory shorebird species using the EAAF (N = 24 

species, 28 populations / subspecies; Table 1), 

resulting in their exclusion from the PBR analyses. 

Estimates of population size were available for all 28 

populations / subspecies, and estimates of age at first 

reproduction were found for most (75%). No estimates 

of adult survival were found for any of these species. 

PBR analyses were conducted for the 30 species 

(34 populations / subspecies) for which demographic 

estimates were available (Table 2). Estimated 

sustainable harvest levels varied among species, 

ranging over five orders of magnitude from 70,140 to 

just four birds. For two populations, annual 

sustainable mortality limits were fewer than 20 

individuals, including the C. a. actites subspecies of 

Dunlin (PBR ± SD = 16 ± 4 birds) and Spoon-billed 

Sandpiper (Calidris pygmaea, 4 ± 1 birds). These 

populations include fewer than 1000 birds and are 

declining and / or geographically restricted. Only two 

 

Figure 1. Relationship between rmax  

and sustainable mortality for shorebird 

populations using the East Asian-Australasian 

Flyway (EAAF). Sustainable mortality is PBR 

(potential biological removal), an estimate of the 

maximum number of birds that may be 

sustainably taken each year, expressed as a 

percentage of the population estimate within the 

EAAF. The adjusted R2 value is reported. 

 

Figure 2. Sensitivity 

analysis showing 

changes in the value  

of PBR (potential 

biological removal) 

relative to the population 

estimate as age to first 

reproduction (α) and 

adult survival (S) varied 

independently over the 

range of values observed 

in migratory shorebird 

populations using the 

East Asian-Australasian 

Flyway. PBR is in units 

of maximum number of 

birds that may be 

sustainably taken each 

year. 
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shorebird populations within the EAAF had 

sustainable mortality limits of more than 50,000 birds, 

including Common Snipe (Gallinago gallinago) and 

Eurasian Woodcock (Scolopax rusticola). These 

species have relatively large population sizes (N > 

500,000), low adult survival (S < 0.65), and early age 

at first reproduction (α = 1-2 years). 

Relative PBR values (expressed as % of 

population estimate) ranged widely from 0.9 to 16.5% 

(6.8 ± 4.4%, mean ± SD) of the underlying population 

estimates. We found a strong relationship (Least 

Squares Regression, F1,32 = 112.2, P < 0.0001, adjusted 

R2 = 0.771) between rmax and PBR expressed as a 

percent of the population estimate (Figure 1). For 

every 0.1 increase in rmax there was a 3.4% increase in 

the proportional loss of the population that could be 

sustained. 

Relative PBR was sensitive to variation in age to 

first reproduction and adult survival (Figure 2). 

Sensitivity decreased with increasing parameter 

values. For example, an increase in α from 1 to 2 years 

when S was low (0.5) resulted in a 45% decrease in 

relative PBR compared to a 36% decrease when S was 

high (0.95). A similar sensitivity response resulted 

when the influence of S was assessed as a function of 

shifts in α. An increase in S from 0.5 to 0.95 when α 

was low (1 year) resulted in a 64% decrease in relative 

PBR compared to a 51% decrease when α was high (4 

years). The implication of these patterns is that 

estimates of relative PBR are more robust to 

uncertainty in parameter estimates within the higher 

values of their ranges.  
 

 

Common Name 
Species 

Name 
S α Nmin Fr 

rmax  

± SD 

PBR mean 

± SD 

PBR  

90% CI 

Common Snipe 
Gallinago 

gallinago 

(0.56, 

0.69)c 1 - 2 (412,500; 825,000)f 0.5 
0.453 ± 

0.077 

70,140 ± 

18,079 

(44,223; 

103,897) 

Eurasian Woodcock 
Scolopax 

rusticola 

0.59 ± 

0.02c 1 - 2 (384,375; 768,750)f 0.5 
0.471 ± 

0.079 

67,860 ± 

17,411 

(42,279; 

100,408) 

Black-tailed Godwit 
Limosa 

limosa 

(0.73, 

0.90)c 3 (104,250; 208,500)i 0.3 
0.192 ± 

0.020 

4498 ±  

987 

(2970; 

6201) 

Bar-tailed Godwit 

(menzbieri) 

Limosa 

lapponica 

0.81 ± 

0.001b 4 (109,500; 219,000)i 0.1 
0.158 ± 

0.00003 

1295 ±  

252 

(906; 

1688) 

Bar-tailed Godwit 

(baueri) 

Limosa 

lapponica 

0.81 ± 

0.001b 4 (99,750; 199,500)i 0.1 
0.158 ± 

0.00003 

1184 ±  

228 

(830; 

1540) 

Whimbrel 
Numenius 

phaeopus 

0.89 ± 

0.03c 3 - 4 (41,250; 82,500)i 0.3 
0.141 ± 

0.018 

1312 ±  

308 

(846; 

1836) 

Eurasian Curlew 
Numenius 

arquata 

(0.67, 

0.82)c 2 (75,000; 150,000)g 0.3 
0.298 ± 

0.021 

5014 ± 

1034 

(3455; 

6738) 

Common Redshank 
Tringa 

totanus 

0.84 ± 

0.11c 1 - 2 (56,250; 112,500)f 0.5 
0.306 ± 

0.103 

6434 ± 

2522 

(2557; 

10,900) 

Common Greenshank 
Tringa 

nebularia 

(0.74, 

0.90)c 2 (75,000; 150,000)i 0.5 
0.256 ± 

0.029 

7202 ± 

1615 

(4725; 

10,024) 

Green Sandpiper 
Tringa 

ochropus 

(0.75, 

0.92)c 1 - 2 (46,875; 93,750)f 0.5 
0.308 ± 

0.063 

5388 ± 

1529 

(3216; 

8245) 

Wood Sandpiper 
Tringa 

glareola 

0.54 ± 

0.10c 1 (75,000; 150,000)i 0.5 
0.432 ± 

0.054 

12,170 ± 

2780 

(7908; 

17,034) 

Common Sandpiper 
Actitis 

hypoleucos 

0.83 ± 

0.01c 1 - 2 (37,500; 75,000)i 0.5 
0.317 ± 

0.046 

4445 ± 

1080 

(2841; 

6428) 

Ruddy Turnstone 
Arenaria 

interpres 

(0.77, 

0.94)c 2 - 3 (21,375; 42,750)i 0.3 
0.200 ± 

0.034 

959 ±  

250 

(590; 

1410) 

Great Knot 
Calidris 

tenuirostris 

0.82 ± 

0.001b 2 - 4 (217,500; 435,000)i 0.1 
0.197 ± 

0.029 

3214 ±  

785 

(2052; 

4665) 

Red Knot 
Calidris 

canutus 

0.83 ± 

0.02d 3 - 4 (78,750; 157,500)h 0.1 
0.168 ± 

0.013 

995 ±  

207 

(676; 

1335) 

Sanderling 
Calidris 

alba 

(0.75, 

0.91)c 1 - 2 (16,500; 33,000)f 0.5 
0.314 ± 

0.061 

1937 ±  

533 

(1176; 

2923) 

Red-necked Stint 
Calidris 

ruficollis 

(0.77, 

0.94)b 2 (236,250; 472,500)i 0.5 
0.231 ± 

0.036 

20510 ± 

5134 

(12,673; 

29,602) 

         

Table 2. Estimates of demographic parameters derived from the literature and resulting intrinsic rate of natural increase (rmax) 

and potential biological removal (PBR) in units of maximum number of birds that may be taken annually for migratory 

shorebird populations within the East Asian-Australasian Flyway (EAAF). The best available information approach was used 

to select amongst estimates of maximum adult survivorship (S) and age at first reproduction (α). Where available, variance 

associated with S estimates is reported as ± SE. Where variance was not available, values in parentheses represent upper and 

lower limits of the point estimate of S ± 10%. The most recent size estimates (N) for shorebird populations using the EAAF 

were used. Nmin was a conservative estimate of population size calculated and presented as the range ([N – (0.25*N)], [N + 

(0.5*N)]).  Recovery factor (Fr) score was assigned based on the IUCN Red List and population trend and conservation status 

within the EAAF (Appendix 2). Subspecies and population / geographic area designations are provided in Appendix 1. 
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Table 2. Continued. 

a Estimate based on an Asian population. 
b Survival estimate based on an Australian population. 
c Survival estimate based on an European population. 
d Survival estimate based on an African population. 
e Survival estimate based on a North American population. 
f Population estimate N from Bamford et al. 2008. 
g Population estimate N from Cao et al. 2009. 
h Population estimate N from Rogers et al. 2010. 
i Population estimate N from Conklin et al. 2014. 
 

DISCUSSION 
 

Determining the allowable take is critical to management 

of populations subjected to anthropogenic hunting. 

While habitat loss is considered the primary driver of 

shorebird declines in the EAAF, hunting may also have 

substantial local effects (Kirby et al. 2008, Zöckler et al. 

2010a, BirdLife International 2014, Gallo-Cajiao 2014) 

and is therefore, in this study, considered as a potential 

threat requiring specific management. One difficulty in 

managing migratory shorebirds is the limited 

demographic information available for many 

populations. In the absence of detailed data on 

population dynamics, PBR provides a robust method of 

estimating acceptable level of take using relatively few 

demographic parameters (Wade 1998, Niel and Lebreton 

2005, Runge et al. 2009). In addition to providing initial 

benchmarks for management plans, estimates of 

sustainable harvest derived from the PBR model may be 

used as a tool for 1) evaluating whether current 

anthropogenic harvest is contributing to population 

declines, 2) identifying species most in need of targeted 

action and resources, and 3) highlighting gaps in our 

knowledge of important demographic data. As these 

gaps are filled with population-relevant, timely estimates 

of demographic parameters and as population sizes 

change, estimates of sustainable harvest levels should be 

refined for an adaptive management approach (Lancia et 

al. 1996, Runge et al. 2009). Until such time, PBR 

values presented here may be used as coarse estimates to 

evaluate the impacts of anthropogenic take on shorebird 

populations within the EAAF. 

Common Name 
Species 

Name 
S  α Nmin Fr 

 rmax  

 ± SD 

PBR mean 

± SD 

PBR  

90% CI 

Temminck's Stint 
Calidris 

temminckii 

(0.73, 

0.89)c  1 - 2 (41,250; 82,500)i 0.5 
0.331 ± 

0.062 

5122 

± 1393 

(3146; 

7704) 

Dunlin (arcticola) 
Calidris 

alpina 

(0.75, 

0.91)c  1 - 2 (375,000; 750,000)i 0.3 
0.314 ± 

0.061 

26,490 

± 7378 

(15,993; 

40,135) 

Dunlin (kistchinski) 
Calidris 

alpina 

(0.75, 

0.91)c  1 - 2 (412,500; 825,000)f 0.5 
0.314 ± 

0.061 

48,530 

± 13,286 

(29,503; 

73,027) 

Dunlin (sakhalina) 
Calidris 

alpina 

(0.75, 

0.91)c  1 - 2 (412,500; 825,000)f 0.5 
0.314 ± 

0.061 

48,530 

± 13,286 

(29,503; 

73,027) 

Dunlin (actites) 
Calidris 

alpina 

(0.75, 

0.91)c  1 - 2 (675; 1350)f 0.1 
0.314 ± 

0.060 

16 

± 4 
(10; 24) 

Curlew Sandpiper 
Calidris 

furruginea 

(0.72, 

0.89)b  2 (101,250; 202,500)i 0.1 
0.265 ± 

0.029 

1998 

± 444 

(1330; 

2781) 

Spoon-billed Sandpiper 
Calidris 

pygmaea 

0.76 ± 

0.08a  2 (233; 465)i 0.1 
0.232 ± 

0.036 

4 

± 1 
(3; 6) 

Red-necked Phalarope 
Phalaropus 

lobatus 

(0.45, 

0.55)e  1 - 2 (412,500; 825,000)f 0.3 
0.515 ± 

0.090 

47,890 

± 12,576 

(29,626; 

71,257) 

Eurasian Oystercatcher 
Haematopus 

ostralegus 

(0.83, 

0.99)c  3 (8250; 16,500)i 0.3 
0.138 ± 

0.036 

258 

± 84 

(122; 

402) 

Black-winged Stilt 
Himantopus 

himantopus 

0.70 ± 

0.05c  1 - 2 (46,875; 93,750)f 0.5 
0.410 ± 

0.072 

7221 

± 1890 

(4486; 

10,703) 

Pied Avocet 
Recurvirostra 

avosetta 

(0.76, 

0.92)c  2 (75,000; 150,000)g 0.5 
0.243 ± 

0.031 

6805 

± 1586 

(4406; 

9627) 

Pacific Golden Plover 
Pluvialis  

fulva 

(0.77, 

0.94)e  1 (75,000; 150,000)i 0.5 
0.376 ± 

0.066 

10,580 

± 2778 

(6313; 

15483) 

Grey Plover 
Pluvialis 

squatarola 

(0.71, 

0.87)c  2 - 3 (78,000; 156,000)i 0.3 
0.234 ± 

0.029 

4110 

± 950 

(2697; 

5784) 

Little Ringed Plover 
Charadrius 

dubius 

0.65 ± 

0.11c  1 - 2 (18,750; 37,500)f 0.5 
0.434 ± 

0.097 

3048 

± 901 

(1778; 

4699) 

Kentish Plover 
Charadrius 

alexandrinus 

(0.59, 

0.72)a  1 (82,500; 165,000)f 0.5 
0.586 ± 

0.032 

18,160 

± 3632 

(12,537; 

24,069) 

Double-banded Plover 
Charadrius 

bicinctus 

(0.70, 

0.86)b  1 (36,975; 73950)f 0.5 
0.466 ± 

0.050 

6471 

± 1423 

(4297; 

8956) 

Northern Lapwing 
Vanellus 
vanellus 

0.83 ± 
0.01c  1 - 2 (412,500; 825,000)f 0.3 

0.317 ± 
0.046 

29,410 

± 7073 

(18,877; 
42,307) 
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Fixed harvest-rate strategies are fairly robust to 

uncertainty and stochasticity (Quinn & Deriso 1999, 

Runge et al. 2009). In the PBR model, the selection of 

the recovery factor (Fr) allows for robust estimation of 

mortality limits despite unknown population status and 

potential biases in the collection of data (Wade 1998). 

However, sensitivity of PBR models to uncertainty in the 

underlying parameters must be considered. Demographic 

data for many shorebird species within the EAAF are 

lacking (Table 1), and we did not attempt to calculate 

sustainable mortality limits for these populations. For 

other populations, we used the best available life-history 

information, but uncertainty may have influenced the 

results. In many cases estimates from focal populations 

were unavailable, and life-history parameters from other 

conspecific populations were used. Since populations in 

different geographic areas are subjected to different 

conditions and pressures, life-history traits may vary 

among populations even within a species. In addition, 

confidence in the estimates themselves may be low. 

Survival estimates in the literature are largely derived 

from mark-recapture or mark-resight studies focusing on 

a restricted area of the population range. These are 

apparent survival estimates and are generally lower than 

true survival due to emigration from the study area (e.g., 

Cilimburg et al. 2002, Marshall et al. 2004, Zimmerman 

et al. 2007). There was also uncertainty associated with 

α. We often found conflicting estimates of age at first 

reproduction in the literature, and in some cases these 

were presented as likely or presumed values. Some of 

this variation and low confidence may be a result of the 

dynamic nature of this life-history trait; but whatever the 

cause, uncertainty associated with α likely has a 

significant influence on population growth potential 

(Stearns 1992). Finally, several of the population size 

estimates spanned a wide range of possible values and 

others have not been updated for several years and may 

be out of date (e.g. Bamford et al. 2008). 

To assess potential impacts of uncertainty in input 

parameters on estimated sustainable mortality, we 

conducted a sensitivity analysis. PBR estimates are 

directly affected by changes in the population estimate 

and Fr score. A sensitivity analysis indicated that PBR 

relative to population size was also sensitive to α and S, 

particularly when both parameters were within the lower 

values of their observed ranges (Figure 2). Relative PBR 

score was least sensitive when α and S were at the high 

ends of their ranges, i.e., for species with longer time to 

first reproduction, longer lifespan, and lower intrinsic 

rate of natural increase, defined as the rate at which a 

population increases in size in the absence of density-

dependent forces. Thus, PBR estimates are most robust 

for the species that are often the most vulnerable to 

extirpation or extinction and the least able to sustain high 

harvest mortality rates (Pianka 1970, Saether 1988, 

Saether and Bakke 2000). For all species, and especially 

those with low reported α and S values, sustainable 

mortality limits should be considered in the context of 

the underlying life-history parameter estimates and 

should be re-evaluated as additional data become 

available. 
 

Key populations within the EAAF 
 

Overall, sustainable mortality limits for shorebirds in the 

EAAF were relatively low, but varied considerably 

among species. The populations with the lowest 

sustainable mortality limits were Spoon-billed Sandpiper 

and the Dunlin subspecies C. a. actites. The Spoon-

billed Sandpiper is Critically Endangered, with estimates 

indicating a breeding population of fewer than 200 pairs, 

a population decline of 26% annually, and a recruitment 

rate lower than adult mortality (Zöckler et al. 2010b). 

Conservation actions are under way in an effort to 

conserve the species. These include protection of key 

sites within the species’ range, a captive breeding 

program, population surveys and monitoring, agreements 

to stop hunting, and efforts to raise awareness within 

local communities (Zöckler et al. 2013). Key threats 

include loss of coastal wetlands and intertidal mudflats 

within the species’ range and illegal hunting and 

collection (Bird et al. 2010, Zöckler et al. 2010a, 

BirdLife International 2014). It is very likely that current 

harvest exceeds the estimate of maximum sustainable 

take (4 ± 1 birds) and is contributing to the observed 

depletion of the breeding population. 

C. a. actites is one of ten subspecies of Dunlin, four 

of which occur within the EAAF (Bamford et al. 2008). 

The C. a. actites subspecies is endemic to the northern 

part of Russia’s Sakhalin Island. Its wintering (non-

breeding) range is unknown but thought to be located in 

East Asia (Nechaev and Tomkovich 1987, 1988, Conklin 

et al. 2014). The low sustainable mortality estimate for 

this subspecies (16 ± 4 birds) is largely due to its 

restricted breeding range and small population, estimated 

at 900 individuals. As a species listed in the national 

Russian Red Data Book as well as that of Sakhalin, C. a. 

actites and its habitat may not be affected by human 

activity; however, enforcement of these protections is 

lacking (Huettmann & Gerasimov 2006). Whether 

hunting is contributing to the decline of this subspecies 

is unknown, as there seem to be no estimates of current 

anthropogenic harvest levels. 

There are a number of species for which we were 

unable to estimate sustainable harvest levels due to gaps 

in life-history knowledge, and several of these are of 

particular importance due to their current status. The 

IUCN Red List classifies Nordmann’s Greenshank 

(Tringa guttifer) as Endangered and Eastern Curlew 

(Numenius madagascariensis) as Vulnerable (IUCN 

2015), and in Australia the Eastern Curlew has recently 

had its national conservation status upgraded to 

Critically Endangered under the Environment Protection 

and Biodiversity Conservation (EPBC) Act 1999 (DOE 

2015). Hunting has been identified as a significant threat 

to Nordmann’s Greenshank on the breeding grounds in 

Russia (BirdLife International 2014, Conklin et al. 2014) 

and affects Eastern Curlew range-wide in the form of 

subsistence harvest and intentional poisoning (Conklin et 

al. 2014). Grey-tailed Tattler (Tringa brevipes) and 

Asian Dowitcher (Limnodromus semipalmatus) are 

classified on the IUCN Red List as Near Threatened. All 

four of these species are known to be declining globally 

as well as within the EAAF (Garnett et al. 2011, Ward 
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2012, BirdLife International 2014, Conklin et al. 2014). 

In addition to the species that are globally at risk, several 

other shorebird populations in Table 1 meet Regional 

Red List Criteria for listing, including Greater Sand 

Plover (Charadrius leschenaultia leschenaultii) and two 

subspecies of Lesser Sand Plover (Charadrius 

mongolous mongolous and C. m. stegmanni; Conklin et 

al. 2014). For all of the species for which sufficient life-

history data were unavailable, and especially for these 

at-risk species, developing a more complete 

understanding of the species ecology and population 

demography will allow for an assessment of the level of 

take these populations are capable of withstanding. This 

is of critical importance to assessing whether current 

harvest levels are unsustainable and potentially 

contributing to observed population declines. 
 

Hunting as a threat to shorebird conservation in the 

EAAF 
 

There are a number of anthropogenic threats contributing 

to global declines in migratory shorebird populations, 

including habitat loss, habitat degradation, and hunting 

(Kirby et al. 2008, Sutherland et al. 2012). The focus of 

this study was on producing sustainable harvest limits as 

a tool for evaluating whether current hunting pressure is 

contributing to observed population declines within the 

EAAF. Hunting is considered to be the most important 

factor in the decline of the Spoon-billed Sandpiper 

(Zöckler et al. 2010a) and a major contributor to 

Nordmann’s Greenshank mortality on the breeding 

grounds (BirdLife International 2014). Despite increased 

protective regulations in many countries at the national 

level and international efforts to deter hunting of 

migratory species through bilateral agreements, hunting 

remains a threat to shorebirds in some regions of the 

EAAF, including South-East Asia and on the breeding 

grounds (Gallo-Cajiao 2014). 

One of the major issues regarding hunting is 

ineffective monitoring and enforcement of existing 

regulations. In Russia it is illegal to hunt species listed in 

the Red Data Book, but these laws are rarely enforced 

(Huettmann & Gerasimov 2006). This is of particular 

concern for Arctic and sub-Arctic species, including 

Spoon-billed Sandpiper, Nordmann’s Greenshank, and 

the C. a. actites subspecies of Dunlin, whose EAAF 

populations breed exclusively in the Russian Far East 

(Conklin et al. 2014), but also for other shorebirds that 

rely on critical staging sites in Russia (Gerasimov & 

Gerasimov 1997, 2000; Wilson & Barter 1998). Despite 

efforts to regulate hunting of shorebirds in China dating 

back to the 1980s, shorebird harvest has continued to 

occur (Barter et al. 1997, Ming et al. 1998, Hua et al. 

2015), though likely to a lesser extent than historically 

(Hua et al. 2015). China’s lists of nationally protected 

species under the National Wildlife Protection Law do 

not strictly match those proposed in bilateral agreements 

intended to protect at-risk migratory species (Gallo-

Cajiao 2014). Furthermore, little is known about the 

enforcement of hunting regulations for species not 

protected under the national law (Gallo-Cajiao 2014). 

The Republic of Korea’s Protection of Wild Fauna and 

Flora Act 2005 protects eighty-five shorebird species but 

omits several of the most threatened species, including 

Nordmann’s Greenshank, Spoon-billed Sandpiper, and 

Eastern Curlew (Gallo-Cajiao 2014). Monitoring hunting 

has also been an issue in some EAAF countries. For 

example, estimates of the number of hunters and the 

number of shorebirds taken annually in Bangladesh vary 

greatly among sources; thus, the current magnitude of 

hunting pressure is difficult to measure (Bird et al. 

2010). One factor that may be dampened by increased 

monitoring effort as well as education programs is 

misidentification of species. Many hunters may lack the 

field identification skills needed to distinguish between 

protected and legal shorebird species (e.g. Huettmann & 

Gerasimov 2006). In the regions of the EAAF where 

restrictions are enforced and education and advocacy 

programs are implemented, hunting appears to have 

declined (e.g. Ma et al. 2002, Bird et al. 2010, Hua et al. 

2015). 

A second major issue is hunting in impoverished and 

rural areas, which includes subsistence hunting and trade 

in local markets. Though subsistence hunters may be 

aware of hunting regulations, they may choose to ignore 

them due to the lack of alternate sources of income and 

food (e.g. Zöckler et al. 2010a). In Bangladesh, roughly 

1.4% of people in the villages assessed by Bird et al. 

(2010) hunted shorebirds. Larger-sized shorebird species 

sell locally for relatively high prices, making hunting an 

attractive profession (Bird et al. 2010). Shorebirds in 

Myanmar, a non-breeding location for Spoon-billed 

Sandpipers, face significant hunting pressure that has 

increased in recent decades with the introduction of 

artificial monofilament nets and the downturn of the 

local fishing industry (Zöckler et al. 2010a). Though 

larger species such as Pacific Golden Plover (Pluvialis 

fulva) and Eurasian Curlew (Numenius arquata) are the 

primary targets, small plovers are incidentally caught in 

mist nets or killed using poisoned baits (Zöckler et al. 

2010a). In the Bay of Martaban, hunters catch birds on 

10-15 nights per month, and when conditions are good 

they are able to trap several hundred birds in one night. 

Zöckler et al. (2010a) estimate that these hunters take 

over 30,000 shorebirds annually, amounting to 

approximately 20-30% of the non-breeding population in 

the area. The proportions of each species included in this 

take are not described, but it is likely that harvest in the 

Bay of Martaban alone contributes significantly to, and 

may even exceed, sustainable harvest levels for some 

populations. Until recently, shorebirds provided a major 

food source for locals in parts of China during spring and 

autumn migrations (Ming et al. 1998). Of note are the 

coastal regions of the Yellow Sea, a staging area where 

46 migrating shorebird populations representing 43 

different species occur in internationally important 

numbers (Conklin et al. 2014). Though hunting in the 

Yellow Sea region has declined since the 1990s, 

poaching of shorebirds still occurs, more commonly in 

China than on the Korean Peninsula (Barter 2002, Hua et 

al. 2015). A common conclusion among researchers is 

that creating alternative sources of income would be 

effective in reducing shorebird hunting in local 
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communities (Ming et al. 1998, Bird et al. 2010, Zöckler 

et al. 2010a). 
 

Future work 
 

Establishing a comprehensive understanding of the life 

histories of shorebird populations within the EAAF is 

critical in developing targeted, effective management 

plans. Kirby et al. (2008) provide a list of specific types 

of data that are needed to improve the current knowledge 

of shorebird species. Currently, key demographic data 

are lacking for nearly half of all shorebird populations 

using the EAAF. Our study exposes a particular need for 

future study focused on adult survival rates. Efforts to 

quantify demographics and monitor population trends 

(Global Flyway Network, East Asian-Australasian 

Flyway Partnership [EAAFP]) and to reduce harvests of 

selected species in intertidal areas (EAAFP) are 

currently under way. In addition, task forces devoted to 

conservation of particular species of concern, including 

Eastern Curlew and Spoon-billed Sandpiper, have been 

developed (EAAFP 2015). Along with efforts of 

individual researchers, these initiatives will allow for a 

better understanding of shorebird population 

demography and trends and will facilitate development 

or modification of management plans. 

Finally, monitoring the magnitude of hunting 

pressure throughout the EAAF and enforcing the 

regulations protecting migratory shorebirds are critical to 

the prevention of over-harvesting. It is difficult to assess 

whether current hunting pressure exceeds sustainable 

mortality limits because little is known about the 

numbers of shorebirds of each population that are taken 

annually on a flyway-wide scale (e.g. Bird et al. 2010). 

Efforts to increase education related to shorebirds, to 

advocate for their protection, and to monitor local 

markets and restaurants for poached shorebirds have 

been effective in reducing hunting rates (e.g. Ma et al. 

2002, Bird et al. 2010), but are still a long way from 

making a difference. The lack of adequate alternative 

income sources is a problem that is common globally in 

countries where people over-harvest migrating birds (e.g. 

Ming et al. 1998, Bird et al. 2010), and it is 

unfortunately an issue that has no simple solution. The 

future of shorebirds will depend upon an international 

effort to establish a balance between conservation 

activities and the pace of economic development and 

urban expansion in Asia. 
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Appendix 1. Migratory shorebird populations within the East Asian-Australasian Flyway (EAAF) for which sustainable 

mortality limits were estimated. Demographic parameter estimates used in the models are provided below along with 

citations. Parameters included maximum adult survival (S), age at first reproduction (α), and population size (N) within the 

EAAF. In extracting estimates from the literature, preference was given in the following order: 1) populations known to use 

the EAAF, 2) estimates from European or African populations, and 3) estimates from North American populations. 
 

Common 
Name 

Species 
Name 

Subspecies 
Geographic 
Area 
(breeding) 

S Mean 

± SE (n) 
S Citation 

α 
(years) 

α Citation N 
N 
Citation 

Common 
Snipe 

Gallinago 
gallinago 

gallinago 
Eurasia, 
Alaska 

0.62c  

(998) 
Spence 1988 1 to 2 Tuck 1972 

100,000 – 
1,000,000 

Bamford  

et al. 2008 

Eurasian 
Woodcock 

Scolopax 
rusticola  

Eurasia 
0.59 ± 
0.02c  

(485) 
Boyd 1962 1 to 2 

Hirons and Owen 
1982, Cramp et al. 
1983, Ferrand and 
Gossmann 2001 

25,000 – 
1,000,000 

Bamford  
et al. 2008 

Black-tailed 
Godwit 

Limosa 
limosa 

melanuroides 
E Asia, 
Siberia 

0.81c 
Groen and 
Hemerik 2002 

usually 
3 

Groen and Hemerik 
2002, Rogers 2006 

139,000 
Conklin  
et al. 2014 

Bar-tailed 
Godwit 

Limosa 
lapponica 

menzbieri 
N central 
Russia 

0.808 ± 
0.001b 
(7,246) 

Milton  
et al. 2005 

usually 
4 

Rogers 2006, Walton 
et al. 2013a, 
Woodley 2013 

146,000 
Conklin  
et al. 2014 

Bar-tailed 
Godwit 

Limosa 
lapponica 

baueri 
E Russia, 
Alaska 

0.808 ± 
0.001b 
(7,246) 

Milton  
et al. 2005 

usually 
4 

Rogers 2006, Walton 
et al. 2013a, 
Woodley 2013 

133,000 
Conklin  
et al. 2014 

Whimbrel 
Numenius 
phaeopus 

variegatus 
Siberia, 
Alaska 

0.89 ± 
0.03c  

(120) 
Grant 1991 

usually 
3 to 4 

Skeel & Mallory 
1996, Rogers 2006, 
Walton et al. 2013c 

55,000 
Conklin  
et al. 2014 

Eurasian 
Curlew 

Numenius 
arquata 

orientalis 
S and W 
Russia 

0.75c 

(284) 
Bainbridge and 
Minton 1978 

2 
Glutz von Blotzheim 
et al. 1977, Møller 
2006, DOE 2015 

100,000 
Cao  
et al. 2009 

Common 
Redshank 

Tringa 
totanus 

craggi, 
terrignotae, 
ussuriensis 

E Asia, 
Russia 

0.84 ± 
0.11c 

Burton  
et al. 2006 

1 to 2 
Großkopf 1959, 
Thompson and Hale 
1991, Rogers 2006 

75,000 
Bamford  
et al. 2008 

Common 
Greenshank 

Tringa 
nebularia  

Russia 
0.70-
0.94c 

Thompson  

et al. 1986 
usually 
2 

Cramp et al. 1983, 
Rogers 2006 

100,000 
Conklin  

et al. 2014 

Green 
Sandpiper 

Tringa 
ochropus  

C Asia, 
Russia 

0.84c  
(62) 

Smith  
et al. 1992 

1 to 2 
Robinson 2005, 
Møller 2006 

 25,000 – 
100,000 

Bamford  
et al. 2008 

Wood 
Sandpiper 

Tringa 
glareola  

C and E Asia, 
Russia 

0.54 ± 
0.10c  

(140) 
Boyd 1962 1 

del Hoyo et al. 1996, 
Rogers 2006 

100,000 
Conklin  
et al. 2014 

Common 
Sandpiper 

Actitis 
hypoleucos  

C, W, and  
E Asia; Russia 

0.83 ± 
0.01c  

(476) 

Holland and 
Yalden 2002 

1 to 2 
Cramp et al. 1983, 
del Hoyo et al. 1996, 
Rogers 2006 

50,000 
Conklin  
et al. 2014 

Ruddy 
Turnstone 

Arenaria 
interpres 

interpres,  
some morinella 

Arctic Russia, 
W Alaska 

0.85c  
(123) 

Metcalfe and 
Furness 1985 

2 to 3 

Bergman 1946, 
Thompson 1973, 
Johnson 1979, 
Rogers 2006 

28,500 
Conklin  
et al. 2014 

Great Knot 
Calidris 
tenuirostris  

NE Siberia 
0.82 ± 
0.001b 

(11,864) 

Milton  

et al. 2005 
2 to 4 

Tomkovich 1996, 
Rogers 2006,  
DOE 2015 

290,000 
Conklin  

et al. 2014 

Red Knot 
Calidris 
canutus 

piersmai, 
rogersi, 

some canutus 

N central and 
NE Siberia,  

NW Alaska 

0.83 ± 
0.02d 

(1007) 

Leyrer  
et al. 2013 

usually 
3 to 4 

C.D.T. Minton 2002 
unpubl. data, Rogers 
2006, DOE 2015 

105,000 
Rogers  
et al. 2010 

Sanderling 
Calidris  
alba  

Arctic Siberia 0.83c 

Evans and 
Pienkowski 
1984 

1 to 2 Rogers 2006 22,000 
Bamford  
et al. 2008 

Red-necked 
Stint 

Calidris 
ruficollis  

NE Siberia,  
NW Alaska 

0.85b 
(102,984) 

Rogers and 
Gosbell 2006 

2 
Rogers 2006,  
DOE 2015 

   315,000 
Conklin  
et al. 2014 

Temminck's 
Stint 

Calidris 
temminckii  

N Russia 
0.81c 

(85) 
Hildén 1978 

usually 
1 to 2 

Hildén 1978 
10,000 – 
100,000 

Conklin  
et al. 2014 

Dunlin 
(arcticola) 

Calidris 
alpina 

arcticola NW Alaska 
0.83c  
(396) 

Jönsson 1991 1 to 2 
Warnock  
and Gill 1996 

304,000 –
696,000 

Conklin  
et al. 2014 

Dunlin 
(kistchinski) 

Calidris 
alpina 

kistchinski 
Russian  
Far East 

0.83c  
(396) 

Jönsson 1991 1 to 2 
Warnock  
and Gill 1996 

100,000 – 
1,000,000 

Bamford 
et al. 2008 
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Common 
Name 

Species 
Name 

Subspecies 
Geographic 
Area 
(breeding) 

S Mean 

± SE (n) 
S Citation 

α 
(years) 

α Citation N 
N 
Citation 

Dunlin 
(sakhalina) 

Calidris 
alpina 

sakhalina  
Russian  
Far East 

0.83c  
(396) 

Jönsson 1991 1 to 2 
Warnock and Gill 
1996 

100,000 – 
1,000,000 

Bamford  
et al. 2008 

Dunlin 
(actites) 

Calidris 
alpina 

actites 
Sakhalin Island 
(Russia) 

0.83c  
(396) 

Jönsson 1991 1 to 2 
Warnock and Gill 
1996 

900 
Bamford  
et al. 2008 

Curlew 
Sandpiper 

Calidris 
ferruginea  

Arctic Siberia 
0.81b 

(21,836) 
Rogers and 
Gosbell 2006 

2 Rogers 2006 135,000 
Conklin  
et al. 2014 

Spoon-billed 
Sandpiper 

Calidris 
pygmaea  

NE Siberia 
0.76 ± 
0.08a  

(82) 

Zöckler  
et al. 2010b 

2 
BirdLife International  
2014 

140 – 480 
Conklin  
et al. 2014 

Red-necked 
Phalarope 

Phalaropus 
lobatus  

sub-Arctic 
Russia, Alaska 

0.5e  
(209) 

Schamel and 
Tracy 1991 

1 to 2 Rogers 2006 
100,000 – 
1,000,000 

Bamford  
et al. 2008 

Eurasian 
Oystercatcher 

Haematopus 
ostralegus 

 osculans 
NE Asia, NE 
Siberia 

0.92c  

(117) 

Van De Pol  

et al. 2006 
usually 
3 

Dircksen 1932, Boyd 
1962, Harris 1967 

11,000 
Conklin 

et al. 2014 

Black-
winged Stilt 

Himantopus 
himantopus 

 himantopus 
S, W, C and  
SE Asia 

0.70 ± 
0.05c 

(2964) 
Figuerola 2007 1 to 2 del Hoyo et al. 1996 

25,000 – 
100,000 

Bamford  
et al. 2008 

Pied Avocet 
Recurvirostra 
avosetta  

W, C,  
and E Asia 

0.78 - 
0.90c 

Cadbury and 
Olney 1978 

usually 
2 

Cadbury  
and Olney 1978 

100,000 
Cao  
et al. 2009 

Pacific 
Golden 
Plover 

Pluvialis 
fulva  

Arctic Siberia,  

W Alaska 
0.85e 

Johnson  

et al. 2014 
usually 
1 

Rogers 2006, Walton 
et al. 2013b 

100,000 
Conklin  

et al. 2014 

Grey Plover 
Pluvialis 
squatarola  

Arctic Siberia 
and W Alaska 

0.79c  

(250) 
Townshend 
1982 

usually 
2 to 3 

Cramp et al. 1983, 
Serra et al. 1999, 
Rogers 2006 

104,000 
Conklin  

et al. 2014 

Little Ringed 
Plover 

Charadrius 
dubius 

curonicus, 
jerdoni, 
papuanus 

Asia, New 
Guinea 

0.65 ± 
0.11c  
(58) 

Boyd  

1962 
1 to 2 

Glutz von Blotzheim 
et al. 1975 

25,000 
Bamford  

et al. 2008 

Kentish 
Plover 

Charadrius 
alexandrinus 

alexandrinus, 
dealbatus, 
javanicus 

W, C, S,  
and E Asia 

0.66a  
(223) 

Kosztolányi  
et al. 2009 

usually 
1 

Sandercock  
et al. 2005 

110,000 
Bamford  
et al. 2008 

Double-
banded 
Plover  

Charadrius 
bicinctus 

bicinctus 
North and 
South Island 
(NZ) 

0.78b  
(90) 

Barter 1989, 
1991; DOE 

 2015 

usually 
1 

Rogers 2006, Pierce 
2013, DOE 2015 

49,300 
Bamford  
et al. 2008 

Northern 
Lapwing 

Vanellus 
vanellus  

E and C Asia,  

S and W 
Russia 

0.83 ± 
0.01c 

(95,186) 

Catchpole  
et al. 1999 

usually 
1 to 2 

Cramp et al. 1983, 
Thompson et al. 1994, 
Lislevand et al. 2009 

100,000 – 
1,000,000 

Bamford  
et al. 2008 

 

a Estimate based on an Asian population. 
b Estimate based on an Australian population. 
c Estimate based on an European population. 
d Estimate based on an African population. 
e Estimate based on a North American population. 

 

 

 

 

Appendix 1. Continued. 
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Appendix 2. Recovery factor (Fr) determinations were made based on the status of populations within the East Asian-

Australasian Flyway (EAAF) whenever possible. We also used information regarding the species’ IUCN Red List status and 

IUCN-reported global trend. Please refer to the Methods section for details of the criteria used in assigning recovery factor score.  
 

Common Name Fr IUCN status IUCN trend EAAF Status EAAF Citation 

Common Snipe 0.5 Least Concern  decreasing   
Eurasian Woodcock 0.5 Least Concern stable   
Black-tailed Godwit 0.3 Near Threatened decreasing EAAF: decreasing; 

Regional Status: Near Threatened 
Conklin et al. 2014 

Bar-tailed Godwit 
(menzbieri) 

0.1 Least Concern  decreasing Northern Territory (Aus): declines 
>50%; EAAF: decreasing; 
Regional Status: Vulnerable 

Ward 2012; Garnett et al. 
2011; Conklin et al. 2014 

Bar-tailed Godwit 
(baueri) 

0.1 Least Concern decreasing Northern Territory (Aus): declines 
>50%; EAAF: decreasing; Regional 
Status: Vulnerable 

Ward 2012; Garnett et al. 
2011; Conklin et al. 2014 

Whimbrel 0.3 Least Concern decreasing EAAF: decreasing; 
Regional Status: Near Threatened 

Conklin et al. 2014 

Eurasian Curlew 0.3 Near Threatened decreasing Central Asia: declining; Western Russia 
and Siberia: stable or increasing 

BirdLife International 2014 

Common Redshank 0.5 Least Concern unknown   
Common Greenshank 0.5 Least Concern stable   
Green Sandpiper 0.5 Least Concern stable   
Wood Sandpiper 0.5 Least Concern stable Australia: stable DOE 2015; BirdLife 

International 2014 
Common Sandpiper 0.5 Least Concern decreasing   
Ruddy Turnstone 0.3 Least Concern decreasing EAAF: decreasing;  

Regional Status: Near Threatened 
Conklin et al. 2014 

Great Knot 0.1 Vulnerable decreasing EAAF: decreasing, except for China’s 
Yellow Sea, which is stable;  
Regional Status: Vulnerable 

BirdLife International 2014; 
Conklin et al. 2014 

Red Knot 0.1 Least Concern decreasing EAAF: decreasing;  
Regional Status: Vulnerable 

Ward 2012; Conklin et al. 
2014 

Sanderling 0.5 Least Concern unknown   
Red-necked Stint 0.5 Least Concern unknown Australia: increasing DOE 2015; Rogers and 

Gosbell 2006 
Temminck's Stint 0.5 Least Concern unknown   
Dunlin (arcticola) 0.3 Least Concern decreasing EAAF: decreasing Conklin et al. 2014 
Dunlin (kistchinski) 0.5 Least Concern decreasing   
Dunlin (sakhalina) 0.5 Least Concern decreasing   
Dunlin (actites) 0.1 Least Concern decreasing C. a. actites consists of 300 breeding 

pairs, only breeds on Sakhalin Island;  
Regional Status: Vulnerable 

Nechaev and Tomkovich 
1987, 1988;  
Conklin et al. 2014 

Curlew Sandpiper 0.1 Least Concern increasing Australia: 50% decline since 1980s; 
EAAF: decreasing; 
Regional Status: Vulnerable 

Ward 2012; DOE 2015; 
Riegen 2013; Conklin et al. 
2014 

Spoon-billed 
Sandpiper 

0.1 Critically 
Endangered 

decreasing EAAF: decreasing;  
Regional Status: Critically Endangered 

Conklin et al. 2014 

Red-necked 
Phalarope 

0.3 Least Concern decreasing EAAF: decreasing Conklin et al. 2014 

Eurasian 
Oystercatcher 

0.3 Least Concern decreasing EAAF: Near Threatened Melville et al. 2014; 
Conklin et al. 2014 

Black-winged Stilt 0.5 Least Concern increasing EAAF: increasing Conklin et al. 2014 
Pied Avocet 0.5 Least Concern unknown   
Pacific Golden Plover 0.5 Least Concern decreasing   
Grey Plover 0.3 Least Concern decreasing EAAF: decreasing;  

Regional Status: Near Threatened 
Conklin et al. 2014 

Little Ringed Plover 0.5 Least Concern stable   
Kentish Plover 0.5 Least Concern decreasing   
Double-banded 
Plover 

0.5 Least Concern unknown   

Northern Lapwing 0.3 Least Concern decreasing Russia: 20-29% decline from 1990-2000 European Commission 2009 
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