
 
 

ABSTRACT 

PARKS, MORGAN A. Shorebird Numbers, Distribution and Wetland Connectivity Among 
Coastal Wetlands in Southwestern Puerto Rico. (Under the direction of Dr. Jaime A. 
Collazo). 

We assessed rates of change of resident and migratory shorebird numbers and species 

composition at the Cabo Rojo salt flats, Puerto Rico from 1985-2014, a site of regional 

importance in the Caribbean. Modal species richness was 19, with 9 fewer species recorded 

in 2013-14. Small calidrids had highest counts; however, this suite of species and all others 

experienced a ≥70% decline, except for Stilt Sandpipers (Calidris himantopus). Pooling 

counts from the salt flats and neighboring wetlands in 2013-14 was required to overlap 

counts recorded 1985-2007 at the salt flats alone. Body condition of Semipalmated 

Sandpipers (Calidris pusilla) did not differ between 1980-90s and 2013-14, and improved 

seasonally suggesting that habitat quality sustained the pattern. Prey density was similar 

between periods. Percent change for many migrants mirrored those at hemispheric scales. 

Declines of residents directed attention at understanding determinants of habitat quality. We 

also quantified residency and movement rates to gain a better understanding of the factors 

mediating the use and interconnectedness of natural and managed coastal wetlands in 

southwestern Puerto Rico, and perhaps shed insights that might explain the marked decrease 

in population numbers at the salt flats. In addition to the Cabo Rojo salt flats, our assessment 

included the Boquerón Wildlife Refuge and Pitahaya State Forest, areas of mangroves that 

provide shallow water habitats for shorebirds. We used multi-state models and encounter 

histories of 519 individually marked Semipalmated Sandpipers to test for the effects of bird 

abundance, inter-wetland distance, prey density, age, rainfall, and body condition on the 

parameters of interest. The model with highest support (AICc 𝑤𝑖 = 0.78) indicated that 

weekly residency rates increased seasonally, and rates positively influenced by bird 



 
 

abundance and the interaction of prey density and rainfall. Inter-wetland distance had a 

negative effect on movement rates, which ranged from 3.69 to 7.78 km. Average weekly 

residency rates ranged from 0.75 to 0.86 (2013) and 0.73 to 0.77 (2014). Mean length of stay 

at the salt flats was 61.5 days (2013) and 14 days (2014), a marked decrease from 110 days 

available from 2007. Differences in mean length of stay cannot be attributed to changes in 

prey density, but suggest that variable residency rates might reflect population changes at 

larger scales. Semipalmated Sandpipers had a high probability of remaining at the salt flats 

(≥ 0.90), slightly higher than at Boquerón or Pitahaya. Sandpipers also moved with higher 

probability towards the salt flats, albeit at lower rates in 2014. Our findings suggest that 

wetland connectivity and habitat heterogeneity provide Semipalmated Sandpipers a range of 

foraging and shelter options to deal with seasonal changing conditions. Results underscore 

the value of protecting mangrove habitat and, when possible, managing salt flats for 

shorebirds throughout the Caribbean. 
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INTRODUCTION 

Mangrove swamps, salt flats and lagoons dominate many coastal zones in the 

Caribbean islands, and this is particularly so in southwestern Puerto Rico. Collectively, these 

areas provide suitable and alternative habitat options to a full spectrum of aquatic bird groups 

(e.g., waders, waterfowl, secretive marsh birds, seabirds and shorebirds) and species of 

conservation priority like the Least Tern (Sternula antillarum) and Snowy Plover 

(Charadrius nivosus) (Garcia et al. 2005; Ventosa-Febles et al. 2005).   

Resident and migratory shorebirds are a dominant element of the suite of aquatic 

avian species using the region. Indeed, embedded in this region is the Cabo Rojo National 

Wildlife Refuge, designated as a site of regional importance by the Western Hemisphere 

Shorebird Reserve Network. The site harbors 1% of the biogeographical population of 

Snowy and Wilson’s Plovers, as well as supporting more than 20,000 shorebirds during 

migration. A determinant of the numeric dominance of shorebirds is the extensive stretches 

of back water reaches in mangrove swamps and salt flats. This habitat is shallow, and thus, 

accessible to many species for foraging. Its value also stems from the interaction between 

seasonal rainfall and tidal flow, particularly during fall when tidal amplitude is greatest and 

cumulative rainfall highest. These processes maintain salt flats flooded and salinities not far 

above ocean levels, and jointly contribute to the system’s high productivity and food 

resources sought by birds. During spring and summer, mangrove swamps, salt flats and 

lagoons are used by resident species to breed, underscoring the importance of a year-round 

vision for management and conservation of these regional systems. 

A central proposition in the Puerto Rico Comprehensive Wildlife Conservation 

Strategy is to develop integrated management strategies to ensure the availability of suitable 
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habitat, and where deemed necessary, maximize its value through hydrologic and habitat 

management (Garcia et al. 2007). In southwestern Puerto Rico, three coastal wetlands stand 

out as prime candidates for such a management approach. These are the Cabo Rojo salt flats, 

and two units in the Boquerón State Forest, the Pitahaya State Forest and Boquerón Wildlife 

Refuge. The Cabo Rojo salt flats are managed by the U.S. Fish and Wildlife Service, and the 

latter two by the Puerto Rico Department of Natural and Environmental Resources. It is 

noteworthy that while habitat for shorebirds in Pitahaya and Boquerón are part of mangrove 

swamps, hence, not managed, the salt flats have been managed for salt extraction for over 

500 years. 

As an initial, but fundamental step towards framing integrated management is a 

greater understanding about how shorebirds distribute themselves among available systems, 

natural and managed, and the factors that underlie movements and use of these units. Of the 

aforementioned coastal wetlands, the Cabo Rojo salt flats have received most of the 

attention. Shorebird abundance was documented for the first time by Collazo et al. (1995), 

survival and residency rates by Rice et al. (2007), shorebird prey density and distribution by 

Tripp and Collazo (2003), habitat use by Grear and Collazo (1999), and territoriality by Tripp 

and Collazo (1997). This body of work established that the salt flats are an important site for 

migratory shorebirds, particularly for Semipalmated Sandpipers (Calidris pusilla) and 

Western Sandpipers (Calidris mauri), which account for 60-70% of the community numbers. 

Also from these studies, it was reported that Semipalmated Sandpipers spend 110 days at the 

salt flats, a period over which they improve their body condition (estimated percent fat), and 

the reported likelihood of returning to the salt flats annually (0.62) was on par with values 

observed on breeding grounds in Manitoba (0.66; Sandercock and Gratto-Trevor 2008). Two 
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prey species are dominant at the salt flats, Corixids (water boatmen) and Artemia (brine 

shrimp). Both provide the same caloric content; however, shorebirds tend to forage more 

often on water boatmen because they inhabit environments of lower salinity concentration, 

minimizing energy used in osmoregulation (Tripp and Collazo 2003). 

Unfortunately, there have been no studies investigating wetland connectivity in the 

Caribbean. Connectivity is the degree to which the landscape facilitates or hinders movement 

between resources patches (Merriam 1984; Taylor et al. 1993; Tischendorf and Fahrig 2000). 

An initial study conducted by Farmer and Parent (1997) demonstrated that as the more a 

landscape is connected; i.e. structural connectivity, Pectoral Sandpipers (Calidris melanotos) 

were more likely to move between wetlands. This was also documented in Semipalmated 

Sandpipers in South Carolina, where sandpipers were more likely to move between wetland 

units if they were less than 2.8 km apart (Obernuefemann et al. 2013). Both studies point to 

behavioral responses to landscape features as possible drivers to those responses 

(Tischendorf and Fahrig 2000). Accessible habitat, prey biomass, bird density, estimated 

percent fat and wind assistance can all mediate connectivity (Taft and Haig 2006; 

Obernuefemann et al. 2013), and thus, influence how migratory shorebirds select and use 

stopovers and overwintering sites. 

In this work, two objectives were addressed to increase our understanding of 

wintering shorebird ecology in southwestern Puerto Rico. First, inter-decadal data on 

numbers and species composition of migratory and resident shorebirds in the region were 

summarized, and second, movement and residency rates of wintering Semipalmated 

Sandpipers among the Cabo Rojo salt flats, the Boquerón Wildlife and Pitahaya State Forest 

were quantified. The work taps on previous work as a source of data for comparison with 



 

  4 

present data on shorebird abundance and overwintering dynamics (e.g., mean length of stay), 

but it expands our knowledge about overwintering shorebird dynamics because the work 

covered all major, neighboring wetlands concurrently. As such it provides a stronger 

foundation to develop integrative conservation and management. 
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CHAPTER 1 

Numbers and Species Composition of Resident and Migratory Shorebirds at the Cabo Rojo 

Salt Flats, Puerto Rico (1985-2014). 

Abstract.—We assessed rates of change of resident and migratory shorebird numbers 

and species composition at the Cabo Rojo salt flats, Puerto Rico from 1985-2014, a site of 

regional importance in the Caribbean. Modal species richness was 19. Eight fewer species 

were recorded in 2013-14 as compared to the 29 from 1985-1992. Small calidrids had highest 

counts; however, this suite of species and all others experienced a ≥70% decline. Pooling 

counts from the salt flats and neighboring wetlands in 2013-14 was required to overlap 

counts recorded 1985-2007 at the salt flats alone. Body condition of Semipalmated 

Sandpipers (Calidris pusilla) did not differ between 1980-90s and 2013-14, and improved 

seasonally suggesting that habitat quality was not limiting. Prey density was similar between 

periods. Percent change for many migrants mirrored those at hemispheric scales. Declines of 

residents directed attention at understanding determinants of habitat quality. Continued 

monitoring is warranted, guided by clear multi-scale objectives to enhance its inferential 

value. 
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Ascertaining the status of shorebirds is a conservation priority largely owing to the 

number of North American species exhibiting population declines since the 1980s. Surveys 

play a key role in this process (Skagen et al. 2003), and long-term data are suggesting that 

some species are showing signs of stability or increasing trends (Andres et al. 2012). In 

Canada, for example, multi-decadal spring counts revealed that average abundance of 

Semipalmated Sandpipers peaked in 1985, declined until 1999, and have increased since 

(Gratto-Trevor et al. 2012b). The reasons behind these encouraging trends are not known, but 

it is plausible that multi-pronged conservation efforts are contributing (Brown et al. 2001). 

Shorebirds are also monitored on their wintering grounds, mostly in South America where 

major migratory termini have been identified (e.g., Morrison et al. 2012). Few accounts of 

multi-year surveys are available for the Caribbean (e.g., Wunderle et al. 1989; Collazo et al. 

1995), even though for some species surveying the region is essential to understand their 

status (e.g., Haig et al. 2005). Clearly, inferences about shorebird trends benefit from 

coordinated monitoring efforts and consistent coverage (Skagen et al. 2003). In concert with 

this rationale and motivation, we summarized data on shorebird numbers and species 

richness collected over a period spanning 30 years (1985-2014) at the Cabo Rojo salt flats, 

Puerto Rico. Our objective was to determine if counts of migrants and residents had changed 

over time, and if so, by how much. If the latter was the case, our secondary objective was to 

determine if changes of migrants paralleled those at larger scales. To aid in the interpretation 

of results, we summarized data on prey density, bill length and body condition (estimated 

percent fat) of Semipalmated Sandpipers, a common species at the salt flats (Collazo et al. 

1995). Bill length yielded insights about their breeding origin, and body condition, an 
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energetic profile reflecting habitat quality spanning their arrival and residency at the salt flats 

(Rice et al. 2007). 

METHODS 

Study Area 

The Cabo Rojo salt flats are located in southwestern Puerto Rico, and are part of the 

Cabo Rojo National Wildlife Refuge (17°57’N and 67°11’W; Figure 1). Its extent is 750 ha, 

consisting of two main saline lagoons (Fraternidad, Candelaria), each containing multiple 

wetland units, some are used for salt extraction. In 2010, the salt flats were included in the 

Western Hemisphere Shorebird Reserve Network. The designation signifies that the site 

harbors 1% of the biogeographic population for a species, and at least 20,000 shorebirds use 

this site annually. The Boquerón (182 ha) and Pitahaya (873 ha) State Forests are 

characterized by mangrove forest and shallow water reaches used by aquatic birds. The 

former is 3.69 km to the north of the salt flats, whereas the latter is 5.44 km to the east. 

Data Collection 

We surveyed and summarized data as per Collazo et al. (1995). Surveys were 

conducted from sunrise to 1000 hours every two weeks from August-December in 1985-

1992, 1999-2007, and 2013-2014. The Boquerón and Pitahaya State Forests were also 

surveyed in 2013-14 to understand how birds distributed themselves among neighboring 

wetlands. We captured 519 Semipalmated Sandpipers as part of a mark-resight study (Parks 

2015; IACUC permit 13-068-B). Before releasing, we obtained their body mass (g), bill 

length (mm) and flattened wing chord (mm) to calculate the individual’s estimated percent 

fat (henceforth EPF; Page and Middleton 1972; Dunn et al. 1988). Data on density of 
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corixids (i.e., waterboatmen), an important prey species for migrants, were available for 1994 

(Tripp and Collazo 2003). We collected data following the same protocol (Tripp and Collazo 

2003) and at the same wetland units (i.e., A, B; Collazo et al. 1995) in eastern Fraternidad 

Lagoon in 2013 and 2014. 

Analysis 

Semipalmated, Western (C. mauri), Least (C. minutilla) and White-rumped (C. 

fuscicollis) Sandpipers were invariably lumped during counts, thus, results are reported as 

small calidrids. We calculated seasonal monthly means (± SE) and the percent change 

between each multi-year sampling period. We averaged 2-3 estimates obtained monthly, and 

then averaged across the season (Collazo et al. 1995). These seasonal means were averaged 

over the number of years within each multi-year sampling period. We also calculated a 

seasonal mean based on pooled counts from the salt flats and neighboring wetlands in 2013-

14, as means to ascertain the proportion of birds occurring at the salt flats relative to major 

wetlands in southwestern Puerto Rico. EPF for 2013-2014 was compared to EPF reported by 

Rice et al. (2007) for 1989-91 using a Z-test. Comparisons were made for: 1) early season 

(last week of August and first week of September) and overwintering season (October - 

November). Comparisons of prey density (corixids/cm3) made between estimates collected in 

the same fashion (water depth ≤ 5.7 cm) using a Z-test. Data were reported as seasonal means 

(± SE) of over 9 weeks from August to November. We also compared mean (± SE) bill 

length reported by Gratto-Trevor et al. (2012b) to those reported by Rice et al. (2007). 
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RESULTS 

Annually, 19 to 23 species were recorded (mode = 19; 6 times), with a cumulative 

tally of 29. Eight species were not recorded in 2013-14 as compared to previous sampling 

intervals. With the exception of Stilt Sandpipers, all species decreased by ≥70% (Table 1). 

Small calidrids dropped by 81%. Pooled counts from the salt flats and neighboring wetlands 

in 2013-14 indicated that the salt flats harbored ≥ 60% of the most abundant species (except 

yellowlegs). It also underlined that pooling data was needed to overlap (95% CIs) counts 

recorded at the salt flats alone in 1985-1992 or 1999-2007 (Table 1). Wilson’s Plover 

(Charadrius wilsonia) was the only exception in trends, increasing between 1985-92 and 

1999-07, and decreasing between the latter period and 2013-14. 

 In 1994, corixid density was 0.011 ± 0.003 in unit A and 0.010 ± 0.004 in unit 

B. No corixids were detected in unit A in 2013 or 2014. For unit B, mean corixid density was 

0.001 ± 0.001 (2013) and 0.006 ± 0.006 (2014). Mean corixid density for unit B (1994 vs 

pooled 2013-14) did not differ (t = -1.70, df = 25, p= 0.10). Early season EPF in 1989-92 was 

1.7 ± 1.9 (n = 28) and 0.38 ± 2.02 in 2013-14 (n = 74). Overwintering EPF was 11.1 ± 1.4 (n 

= 509) and 6.82 ± 6.3 (n = 34) in 1989-90 and 2013-14, respectively. Mean values did not 

differ by season categories (Z tests; p >0.05). Bill length (mm) of Semipalmated Sandpipers 

averaged 18.9 ± 0.16 (n = 106) in 1989-1991, and 19.77 ± 0.09 (n = 247) in 2013-2014. 

These values overlapped the average bill lengths recorded in the Central and Atlantic 

Flyways (18.6-20.6 mm; Gratto-Trevor 2012b). 
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DISCUSSION 

Since surveys began in 1985, species richness dropped by 8 species. These species 

were categorized as uncommon (Raffaele et al. 1998), and given the tendency for lower 

counts over time, the results were not surprising. Among the species not recorded was the 

Piping Plover (Charadrius melodus), a federally listed species. Snowy Plovers (Charadrius 

nivosus) exhibited a 94% decline, a trend that could lead to local extinction. Of the 23 

migratory species recorded at the salt flats, 16 are on a downward trend at larger spatial 

scales (Andres et al. 2012). Our findings suggested that counts of migrants mirrored trends at 

hemispheric scales. For example, Lesser Yellowlegs (Tringa flavipes) and Wilson’s Plover 

dropped by 57 and 81%, respectively. These species have declined 94.9% (yellowlegs) and 

78% (plovers) at larger scales (WHSRN 2013). The percent decrease per species for small 

calidrids was not estimable, but given the large proportion of Semipalmated and Western 

Sandpipers in this group in the salt flats (60-70%; Collazo et al. 1995), the local decline was 

consistent with the 80% decline recorded for wintering populations of Semipalmated 

Sandpipers in the north coast of South America (Morrison et al. 2012). Bill size of 

Semipalmated Sandpipers suggested that individuals at the salt flats were part of the bill cline 

encompassing central and eastern populations, and the eastern population is also on a 

declining trend (Gratto-Trevor et al. 2012a). 

Our evaluation of EPF, a proxy of habitat quality, suggested that foraging resources at 

the salt flats did not limit seasonal improvements in body condition for Semipalmated 

Sandpipers. Corixids, an important prey for migrants at the salt flats, were present in 1994 

and 2013-14. The salt flats are the first and only site in the eastern Caribbean within the 

Western hemisphere Shorebird Reserve Network. The salt flats remain a site of importance in 
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southwestern Puerto Rico, harboring ≥ 60% of birds. Its location and consistent use makes it 

a valuable site to monitor population changes and explore correlative patterns with 

hemispheric trends. These attributes fit the aims of the program for regional and international 

shorebird monitoring (PRISM), helping to reduce frame and selection bias (Skagen et al. 

2003). Monitoring is most valuable when clear objectives and management actions have been 

articulated (Nichols and Williams 2006). This extends to monitoring local conditions (e.g., 

prey density, sources of predation) that could benefit resident and migrant shorebirds alike. 
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Figure 1. Map of southwestern Puerto Rico (see inset), highlighting the Cabo Rojo salt flats, and Boquerón Wildlife Refuge and 

Pitahaya State Forest Reserve. Semipalmated Sandpipers (Calidris pusilla) were surveyed from September to December during the 

fall of 2013 and 2014. Map adopted from Rice et al. (2007).   
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Table 1. Seasonal monthly means (r SE) of shorebird numbers recorded at the Cabo Rojo salt flats, southwestern Puerto Rico. 

Counts were made from August to December during 1985-1992 (P1), 1999-2007 (P2), and 2013-2014 (P3). Results are presented 

by species except for calidrid sandpipers, which lumped Semipalmated, Western, Least and White-rumped Sandpipers. We also 

list the seasonal average for Pitahaya and Boquerón State Forests and salt flats combined, and percent change in counts among 

three decadal periods. We list the long-term North American population trends (30-40 years) and trend categories (Andres et al. 

2012; Morrison et al. 2012; WHSRN 2013).  Annual estimates for some species based on annual rates (1974-2009) reported by 

Andres et al. 2012.  Trend categories are: DEC = significant decline, dec = apparent decline, INC = significant increase, STA – 

stable, UNK = unknown. 

Species (scientific 

name) 

1985-

1992 

1999-

2007 

2013-

2014 

2013-

2014 

All Sites 

Percent 

Change 

P1 vs 

P2 

Percent 

Change 

P2 vs 

P3 

Percent 

Change 

P1 vs 

P3 

North 

American 

Population 

Trends 

Calidrid Sandpipers (C. 

pusilla, C. mauri, C. 

minutilla, C. fuscicollis) 

1948 

(264) 

831 (205) 369 (24) 530 (27) 57.3 55.6 81.1 80% dec 
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Table 1 Continued          

Stilt Sandpiper (Calidris 

himantopus) 

406(62.5) 357 (90.3) 176 (21) 294 (17) 12.1 50.7 56.7 -- dec 

Lesser Yellowlegs 

(Tringa Flavipes) 

384 

(41.0) 

369 (75.1) 73 (41) 256 (120) 3.9 80.2 81 94.9% DEC 

Black-necked Stilt 

(Himantopus m. 

mecxicanus) 

287 

(37.0) 

216 (28.5) 69 (30) 114 (59) 24.7 68.1 76 -- INC 

Semipalmated Plover 

(Charidrius 

semipalmatus) 

31 (3.8) 17 (2.7) 4 (2.6) 31.8 (16) 45.2 76.5 87.1 +59.5 INC 

Snowy Plover 

(Charadrius nivosus) 

27 (4.5) 15 (3.3) 1.5 (1.5) 1.7 (1.3) 44.4 90 94.4 -- dec 

Wilson’s Plover 

(Charadrius wilsonia) 

23 (3.2) 25 (5.3) 6.2 (2.5) 14.7 (6.8) +8.7 75.2 73 78% dec 
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Table 1 Continued          

Greater Yellowlegs 

(Tringa melanoleuca) 

23 (8.0) 9 (2.2) 5.2 (3.5) 34 (15.4) 60.9 42.2 77.4 +38.5

% 

STA 

Ruddy Turnstone 

(Arenaria interpres) 

17 (2.6) 4 (1.1) 0.3 (0.3) 4.5 (3.3) 76.5 92.5 98.2 59.5% dec 

Black-bellied Plover 

(Pluvialis squatarola) 

16 (2.7) 7 (1.2) 1.1 (0.7) 3.9 (1.3) 56.3 81.3 93.1 92.4% DEC 

Short-billed Dowitcher 

(Limnodromus griseus) 

14 (5.3) 2.5 (0.7) 0.7 (0.6) 5.9 (5.7) 82.1 72 95 -- STA 

Red-necked Phalarope  

(Phalaropus lobatus) 

8 (2.2) 0.01 

(0.01) 

- - 99.9 100 100 -- DEC 

Killdeer (Charadrius 

vociferous) 

5 (1.6) 1.5 (0.4) 0.6 (0.3) 6.5 (1) 70 60 88 -- DEC 

Red Knot (Calidris 

canutus) 

4 (0.4) 0.3 (0.02) - - 92.5 100 100 -- DEC 
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Table 1 Continued          

Sanderling (Calidris 

alba) 

4 (1.1) 0.4 (0.2) 0.2 (0.2) 0.9 (0.9) 90 50 95 80.2% Dec 

Spotted Sandpiper 

(Actitis macularius) 

4 (0.8) 1.7 (0.2) 0.1 (0.1) 4.8 (3.1) 57.5 94.1 97.5 -- STA 

Willet (Tringa 

semipalmata) 

4 (0.4) 0.7 (0.2) 0.4 (0.4) 2.3 (1.3) 82.5 42.9 90 -- dec 

Whimbrel (Numenius 

phaeopus) 

3 (0.3) 0.5 (0.2) 0.2 (0.1) 0.2 (0.1) 83.3 60 93.3 -- dec 

American Golden-Plover 

(Pluvialis dominica) 

2 (-) 0.2 (0.1) - - 90 100 100 -- dec 

Piping Plover 

(Charadrius melodus) 

2 (0.5) 0.2 

(0.004) 

- - 90 100 100 -- inc 

Solitary Sandpiper 

(Tringa solitaria) 

- 0.07 

(0.04) 

- 1.0 (1) 100 100 100 -- UNK 
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Table 1 Continued          

Hudsonian Godwit 

(Limosa haemastica) 

1 (0.3) 0.02 

(0.02) 

- - 98 100 100 -- dec 

Pectoral Sandpiper 

(Calidris melanotos) 

5 (1.4) 0.5 (0.2) - 1.7 (1.4) 90 100 100 -- DEC 

Dunlin (Calidris alpina) - 0.01 

(0.01) 

- - 100 100 100 -- STA 

Wilson’s Phalarope 

(Phalaropus tricolor) 

1 (0) 0.1 (0.04) - - 90 100 100 -- dec 

Buff-breasted Sandpiper 

(Calidris subruficollis) 

1 (-) - - - 100 100 100 

 

-- DEC 
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CHAPTER 2 

Residency and Movements of Wintering Semipalmated Sandpipers Among Three Coastal 

Wetlands in Southwestern Puerto Rico. 

Abstract- We quantified movement and residency rates of 519 individually marked 

Semipalmated Sandpipers (Calidris pusilla) in three coastal wetlands in southwestern Puerto 

Rico in 2013 and 2014. Wetlands were the Boquerón and Pitahaya State Forests 

(mangroves), and Cabo Rojo salt flats.  We used multi-state models to test for the effects of 

bird abundance, inter-wetland distance, prey density, age, rainfall, and body condition on the 

parameters of interest. The model with highest support (AICc 𝑤𝑖 = 0.78) indicated that 

weekly residency rates increased seasonally, and rates positively influenced by bird 

abundance and the interaction of prey density and rainfall. Inter-wetland distance had a 

negative effect on movement rates, ranging from 3.69 to 7.78 km. Average weekly residency 

rates ranged from 0.75 to 0.86 (2013) and 0.73 to 0.77 (2014). Mean length of stay at the salt 

flats was 61.5 days (2013) and 14 days (2014), a marked decrease from 110 days available 

from 2007. Differences cannot be attributed to changes in prey density. Variable residency 

rates might reflect population changes at larger scales. Semipalmated Sandpipers had a high 

probability of remaining at the salt flats, slightly higher than at Boquerón or Pitahaya. 

Sandpipers also moved with higher probability towards the salt flats, albeit at lower rates in 

2014. Our findings suggest that wetland connectivity and habitat heterogeneity provide 

Semipalmated Sandpipers a range of foraging and shelter options to deal with seasonal 

changing conditions. Results underscore the value of protecting mangrove habitat and, when 

possible, managing salt flats for shorebirds throughout the Caribbean.   
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Migration is a costly energetic undertaking, successful only when resources are 

available at key geographic areas. The interplay between habitat availability and suitability is 

critical because migratory shorebirds can spend >60% of their annual cycle away from 

breeding grounds (Myers 1987; Hendentrom and Alerstam 1997). Overwintering sites are 

essential in this annual cycle, and thus, their conservation part of a strategic approach to help 

sustain shorebird populations in the Western Hemisphere (Myers 1987; Brown et al. 2001; 

Skagen et al. 2005).  Indeed, recurrent use of overwintering sites (i.e., site philopatry) has 

been documented for species like the Semipalmated Sandpiper, a behavioral response 

associated with site quality (Rodriguez et al. 2007). 

The coastline of southwestern Puerto Rico contains three major wetlands of 

conservation value to migratory shorebirds. These are the Cabo Rojo salt flats (henceforth 

salt flats), and the shallow water reaches of mangroves at the Boquerón Wildlife Refuge and 

Pitahaya State Forest. The salt flats are of regional importance within the Western 

Hemisphere Reserve Network, signifying that over 20,000 individuals, and 1% of the 

biogeographic population of Snowy and Wilson’s Plovers utilize this site.  Surveys 

conducted from 1985-1992 indicated that the salt flats could harbor as much as 22% of the 

migratory shorebirds observed in the eastern Caribbean (Collazo et al. 1995). A recent 

assessment of shorebird numbers at the salt flats, however, indicated shorebird numbers have 

declined ≥ 70% over a span of 30 years (Chapter 1). Small calidrids, for example, have 

declined by 81% since 1985-2014. Semipalmated Sandpipers is numerically the dominant 

species among small calidrids (Collazo et al. 1995). The magnitude of the decline at the salt 

flats parallels the decline of 80% recorded at their wintering grounds in the northern coast of 

South America since the 1980s (Morrison et al. 2012).  
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Curbing declining populations is challenging because conservation actions need to 

target demographic parameters influenced by factors that occur and operate at multiple scales 

(Brown et al. 2001). Central to formulating these actions is the need to understand how 

wetlands are interconnected. There is an increasing body of literature addressing the 

importance of wetlands connectivity in North America (Farmer and Patent 1997; Skagen 

1997; Skagen et al. 2005, Obernuefemann et al. 2013), but the same cannot be said about of 

coastal wetlands on wintering grounds. In the Caribbean islands this understanding is 

valuable for two reasons. First, available habitat for shorebirds is a mix of natural wetlands 

characterized by mangrove forests, and managed wetlands, most often salt flats converted for 

salt mining. Second, coastal wetlands in the Caribbean are used throughout most of the 

winter. Overwintering shorebirds are not governed by major time constraints as when they 

are migrating to reach breeding ground (Lindstrom and Alerstam 1992; Hendentrom and 

Alerstam 1997). Thus, quantifying the dynamics among multiple, neighboring coastal 

wetlands should yield unique insights on how birds move and use coastal wetlands. 

In this work, we estimated residency and movement rates of Semipalmated 

Sandpipers among three major coastal wetlands in southwestern Puerto Rico during the fall 

of 2013 and 2014 using multi-state models (Kendall and Nichols 2004). Wetlands (states in 

models) were the Cabo Rojo salt flats, and the back reaches of mangrove forests in the 

Boquerón Wildlife Refuge and Pitahaya State Forest. We focused on Semipalmated 

Sandpipers because they are abundant, and their size and mass (g) representative of the 

shorebird community in the region (Collazo et al. 1995; Rice et al. 2007). We predicted that 

residency rates would be positively influenced by prey density and bird abundance (Taft and 

Haig 2006a; Obernuefemann et al. 2013). Body condition should have a positive influence 
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on residency, favoring the wetland where the gain is higher. Movement probabilities were 

expected to be negatively influenced by inter-wetland distance (Farmer and Parent 1997; 

Obernuefemann et al. 2013). Lastly, we also determined if the mean length of stay (days) in 

2013-14 was similar to the stay reported for 1992 (Rice et al. 2007). Our interest was 

motivated by declining population trends of Semipalmated Sandpipers at the salt flats 

(Chapter 1), and hoped that a greater understanding of inter-wetland dynamics would shed 

light on the underlying factors of the decline. We discuss findings and conservation 

implications for coastal landscapes in Puerto Rico and other Caribbean islands. 

METHODS 

Study Area 

The extent of the study area is at the extreme southwestern portion of Puerto Rico (17 

°57’N and 67 °11’W), specifically, three wetlands that dominate the coastal landscape 

(Figure 1). These are the Cabo Rojo salt flats (450 ha), and the Boquerón Wildlife Refuge 

(182 ha) and Pitahaya State Forest (873 ha). The former is part of the Cabo Rojo National 

Wildlife Refuge (US Fish and Wildlife Refuge), and the latter two under the jurisdiction of 

the Puerto Rico Department of Natural and Environmental Resources. The salt flats are 

comprised of two major hypersaline lagoons, Fraternidad and Candelaria. They serve as 

water reservoirs (brine), channeled into evaporation basins for salt extraction. Two smaller 

wetland units occur on the eastern portion of Fraternidad lagoon (Figure 1), arbitrarily 

designated as units A (17.4 ha) and B (19 ha) (Collazo et al. 1995), where data on prey 

availability, salinity and depth were recorded during the study. The Boquerón Wildlife 

Refuge is an estuarine area impounded to support recreational hunting and fishing. Work in 

this study focused on its southwestern boundary, which is dominated by mangrove forests 
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and associated backwater reaches and salt flats (Figure 1). The Pitahaya Forest is part of the 

Boquerón State Forest, and is dominated by mangrove forests. Its backwater reaches and salt 

flats along its northern boundary served as our study area. Aside from mangroves 

(Rhizophora mangle (red), Avicennia germanans (black), and Laguncularia racemose 

(white)), common vegetation in all areas include sea purslane (Sesuvium potulacastrum), 

seaside heliotrope (Heliotropium curassavicum), and saltwort (Batis maritima) (Weaver 

Schwagerl 2009).  

Field Methods 

We captured and released 519 individually marked Semipalmated Sandpipers from 

August to December each year. Two-hundred and sixty-eight (268) and 251 individuals were 

captured in 2013 and 2014, respectively. Birds were captured using mist nets and kept in a 

ventilated box for up to 2 hours. The flattened wing chord (mm), age (adult or juvenile) and 

weight (grams using a Pesola spring scale) Semipalmated Sandpiper was ascertained or 

measured. Each individual received a USGS metal band on their left tibiotarsus and dark 

green flag with a unique letter and number combination ranging from AA1-YY4 on their 

right tibiotarsus. Work was conducted under the IACUC permit 13-068-B. We surveyed 

Semipalmated Sandpipers once a week between August and December each year in the three 

study areas. Although surveyed areas were open habitat, we conducted from vantage points 

to maximize visibility. We recorded the number of individuals, but also the number of 

marked birds. Search for marked birds was conducted the same day banding sessions 

occurred (afternoon) and supplemented by additional visits to study areas (1 or 2/wk), and all 

together used to create individual encounter histories. 
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Invertebrates were sampled weekly to estimate prey density in each study area. 

Sampling protocols followed Tripp and Collazo (2003) and Obernuefemann et al. (2013). We 

established two transects in each study area. At the salt flats, transects we established in units 

A and B. Transects were laid on a north-south and east-west axes, running from shoreline to 

shoreline. These lagoons were easily accessible for sampling, and known for their consistent 

use by shorebirds (Collazo et al. 1995). In the Boquerón Wildlife Refuge and Pitahaya State 

Forest, habitat was linear (e.g., backwater reaches along the shoreline), hence, transects were 

placed randomly, but within accessible habitat for the entire shorebird community (≤ 10 cm 

depth; Weber and Haig 1996). We note that “micro-tidal” amplitudes are characteristic in 

Puerto Rico, where cycles range between 0.5 and 2-3 cm. Transects were 50x5m, creating 

200 1m2 subplots along two strips of 2x50 m, leaving a central pathway (1 m wide) to access 

subplots. We randomly selected two subplots from each transect weekly. We placed a five-

gallon bucket (radius = 13cm, height=36cm) with the bottom cut out at the center of each 

subplot. We measured water depth (cm) and salinity (ppt), and estimated percent algae 

substrate cover. Water was then pumped out of the bucket into another five-gallon bucket. 

Samples were strained through a 500 micron dual manufacturing standard testing sieve, and 

invertebrates placed into a plastic zip lock bag for later identification in a laboratory. We 

classified invertebrates as Artemia spp., Trichocorixa spp., and other. Prey was expressed as 

number of invertebrates per volume (cm^3). 

Analysis 

We summarized shorebird abundance as a tally of bird counts by week and study 

area. We determined whether average weekly counts differed by year using a t-test. We also 

used a t-test to determine if the average estimated percent fat (EPF), a body condition index, 
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differed between years. EPF was estimated as 100 * ((WT - FFM) / WT), where WT is body 

mass, FFM is fat free mass (Page and Middleton 1972; Dunn et al. 1988). Fat Free Mass is 

estimated based on the formula FFM = -9.0513 + 0.3134 (wing cord). We determined if there 

were differences in prey density (individuals/cm^3) among the three wetlands using a 

generalized linear mixed model with lognormal prey density as the response variable (PROC 

GLIMIX, SAS 2001). Main effects were year, wetland, year*wetland interaction, and salinity 

as a covariate. Depth [wetland] and sampling occasion were random effects, and measures 

taken on wetland*year. Correlations between measurements were modeled using a first-order 

autoregressive covariance structure (AR1). The effect of depth [wetland] was tested with a 

likelihood ratio test using results from the same model, but without depth as a random effect. 

We report the average weekly prey density (r SE), but also the median value because data 

contained a high number of zeroes. 

We conducted two types of analyses with mark-resight data. The first was a multi-

state analysis aimed at gaining an understanding of the interdependence among coastal 

wetlands (Kendall and Nichols 2004; Obernuefemann et al. 2013). The second was aimed at 

estimating mean length of stay at the salt flats for 2013 and 2014, and comparing them to the 

estimate reported by Rice et al. (2007). 

We estimated survival and movement probabilities using the “multi-state recaptures 

only” module in program MARK (White and Burnham 1999). Estimates were based on 

encounter histories of 519 individually color-marked Semipalmated Sandpipers. Each 

encounter was coded by the “state” or study area where the individual was marked (i.e., B = 

Boquerón Wildlife Refuge, C = Cabo Rojo salt flats, and P = Pitahaya State Forest), and by 

age of individuals (adult or juvenile). We divided the period between 25 August and 16 
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December into 16 weekly sampling occasions. We interpret survival parameters as residency 

probability (𝑆𝑖
𝑗) or the probability that a Semipalmated Sandpiper present at study area j at 

week i, remained (survived) at the unit until just before week i +1, and then either remained 

in the study area j or moved to another coastal wetland in the region (note that superscripts in 

model notation are indices, not powers). Movement probability (𝜓𝑖
𝑗) is the probability that a 

Semipalmated Sandpiper present in study area j at week i, moves to another coastal wetland 

immediately before week i + 1, given that the bird remained at that wetland until week i + 1. 

We use the notation SR (residency) and Psi (movement), as opposed to greek notation, 

throughout the remainder of the manuscript for these two parameters. Multistate mark-

recapture models also include a parameter for encounter probability (resight 𝑝𝑖
𝑗), the 

probability that a Semipalmated Sandpiper is encountered in a study area j on week i. 

We constructed a set of 49 competing models to evaluate hypothesized relationships 

and describe variation in residency and movement probabilities. We first assessed whether 

detection probability was constant (.), time specific (t) or varied by year (YR). We did not 

include t*YR because the model was overparameterized. We then assessed whether survival 

and movement rates were constant (.) or varied by year (YR), and in the case of residency 

rates, whether these varied by time within season (t*YR). We did not model movements as 

t*YR because we did not expect the motivation to move from one wetland to another to vary 

as a function of time since arrival. We did, however, modeled movements by time varying 

covariates (e.g., weekly prey density). We also parameterized movement rates such that 

complementary transition probabilities were estimated in each direction among the three 

study areas (Cooch and White 2014). Although model [S(YR), p (.), Psi (YR)] had highest 

support, we chose a variation of the model [S(YR*t) p (.) Psi (YR)], that is, [S(YR*T), p (.), 
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Psi (YR)] to evaluate the influence of time-specific covariates on residency probabilities 

(Doherty et al. 2012). The variation contains a linear trend term and allowed us to address 

hypothesized effects of covariates measured over the season, and thus, reflected the dynamic 

nature of residency and movements to and from wetlands. Residency covariates were 

modeled as interactions (*) and additive effects on time-varying parameters whereas 

movement was modeled as constant effects by wetland unit and an additive effect. We fixed 

three transitions in 2014 to zero because no birds were observed moving between states (P to 

B, P to C, and B to P). Fixing parameters was a means to discount non-estimable parameters 

from inferences. 

We used 8 covariates to model movement and residency probabilities. Below we 

provide hypotheses and predicted influence on parameters (i.e., positive or negative beta 

coefficient). 

Estimated percent fat - We hypothesized that Semipalmated Sandpipers with higher 

EPF would have higher residency rates.  This prediction is predicated on the assumption that 

shorebirds will remain where the rate of gain of EPF or maintenance is greater.  This is 

contrary to responses at migratory stopover, where maximizing EPF and minimize residency 

time is the predicted response (Lindstrom and Alerstam 1992; Dinsmore and Collazo 2003; 

Obernufmann et al. 2013). 

Age – We hypothesized that juvenile Semipalmated Sandpipers would exhibit higher 

movement rates and lower residency rates because they are unfamiliar with wintering 

grounds (exposed for the first time). Adults exhibit philopatry, and thus, should be more 

sedentary (Evans and Pienkowski 1984; Evans 1991). 
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Prey density. We hypothesized that residency would be positively influenced as 

density of prey increased, that is, reduce the movements out of a wetland system. Previous 

studies have shown a positive response of shorebirds to prey density (Weber and Haig 1996; 

Obernuefemann et al. 2013). We used the average density of prey per week (prey/vol) 

consumed by shorebirds as covariate (Grear and Collazo 1999). We modeled this parameter 

as linear and quadratic terms. The latter reflects the possibility that the influence of prey 

density is not linear across all values of density. 

Bird abundance. We hypothesized that residency would be positively influenced as 

abundance increased, reducing movements out of a wetland system, and movements 

negatively influenced for the same reason. The presence of birds in an area is often 

influenced by resource availability (Weber and Haig 1996; Taft and Haig 2006a; 

Obernuefemann et al. 2013). Higher abundance could lead to group benefit such as lower 

vigilance during foraging and higher chance of predator avoidance (Barbosa 1995; Ydenberg 

et al. 2002; Battley et al. 2003; Pomeroy 2006; Beauchamp 2008b; Beauchamp 2014). We 

modeled this parameter as linear and quadratic terms. The latter reflects the possibility that 

the influence of bird abundance is not linear across all values of abundance. 

Inter-wetland distance. We hypothesized that movement rates would be negatively 

influenced (decrease) as distance between a pair of wetlands increased (Farmer and Parent 

1997; Obernuefemann et al. 2013). We expected movement rates to be highest between Cabo 

Rojo and Boquerón, intermediate between Cabo Rojo and Pitahaya, and lowest between 

Pitahaya and Boquerón. The distance between Boquerón and Pitahaya was 7.78km, 5.44 

between Cabo Rojo and Pitahaya, and 3.69 km between Boquerón and Cabo Rojo. 
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Rainfall. We hypothesized that increasing rainfall would have a positive influence on 

residency rates, thereby, minimizing movements. The effect of rainfall (episodic or 

cumulative) is mediated by salinity, such that lower salinity promotes higher prey density 

(Tripp and Collazo 2003). We modeled the effects of rainfall and prey as additive and as the 

interaction of prey and rainfall. We also included a model with rainfall, for all wetlands and 

for the salt flats alone, because flooding could limit access to foraging grounds and induce 

movements out of the system (Obernuefemann et al. 2013). Rainfall was measured at the 

Cabo Rojo National Wildlife Refuge weather station, located < 1 km from the salt flats. 

Daily rain totals were collected from August 25 - December 16 each year, and the weekly 

total rainfall used as the covariate.  

Perimeter-area ratio. We hypothesized that residency rates would be positively 

influenced as the opportunities to locate alternative habitat conditions (e.g., food or shelter) 

are greater in wetlands with greater shoreline habitat.  We also hypothesized that a higher 

ratio would negatively influence detection probability as searching greater areas could 

undermine the ability of observers to detect birds. 

Seasonal variation. We hypothesized that residency rates would vary as the season 

progressed, possibly influenced by body condition at the time of arrival or varying habitat 

quality conditions (prey; Dinsmore and Collazo 2003; Obernuefemann et al. 2014). Thus, we 

tested whether residency varied linearly (T) or non-linearly (quadratic term, TT) during the 

season. 

The second set of analyses consisted of using a “recaptures only” module in MARK 

to estimate residency probabilities for 2013 and 2014 following Rice et al. (2007). In these 

analyses, we considered birds marked only at the salt flats, but resighted in any of the three 
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wetlands monitored in this study. We ran models exploring sources of variation in survival 

and detection probability, that is, constant (.), time specific (t), constant by year (YR), and 

time-specific by year (YR*t). As in Rice et al. (2007), we included the estimated percent fat 

(epf) on the highest supported model structure. We used the model with highest support to 

estimate mean length of stay MLS. MLS was calculated as -1/ (daily residency probability), 

where daily residency probability is the nth root of the estimated survival probability 

provided in the model (Brownie et al. 1985). 

Careful consideration of model assumptions was observed to ensure sound inferences 

from results. For the multi-state models, assumptions were: 1) every individual has the same 

resight probability in a sampling period given it was present in the population at the time of 

the sample; 2) there is homogeneity of recapture and survival probabilities; meaning every 

Semipalmated Sandpiper has the same survival from sampling period i to i + 1 and that 

survival from time i to i +1 does not depend on state at time i + 1; 3) emigration from the 

study area is permanent, and 4) all marks are read properly and not lost. We believe we met 

these assumptions because birds were surveyed frequently, we covered essentially all 

available shorebird habitat in southwestern Puerto Rico, including wetlands further east (i.e., 

Providencia Lagoon, Guanica, 11 km east of the Pitahaya State Forest). Furthermore, two 

observers cross verified flag codes before recording the bird’s alpha-numeric code. With 

regards to the second set of models (recaptures only), estimates of MLS assume that daily 

survival is constant throughout the season. This assumption was met as our best supported 

model indicated that survival probability was constant by year. 

We used program U-CARE (Croquet et al. 2009) the model Jolly Move (JMV); a 

generalization of the Arnason-Schwarz model (AS) to calculate the over dispersion 
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parameter �̂�, and make adjustments to models if needed. We also determined the need to 

adjust the over dispersion parameter �̂� using the “median c-hat” test in program MARK. 

Goodness-of-fit test for the JMV Model for our multistate models did not indicate lack of fit 

(χ2= 48.5, df = 57, P = 0.77). We chose to leave our over dispersion parameter at 1.0 since 

our �̂� was 0.81. Similarly, the median c-hat test for residency estimates based on Cabo Rojo 

salt flats only indicated that �̂� was 1.35 (SE = 0.01) and 1.00 (SE = 0.03) for 2013 and 2014, 

respectively. Thus, we also left our over dispersion parameter at 1.0. 

We used the Akaike’s Information Criterion corrected for small sample size (AICc) to 

select the most parsimonious model (Burnham and Anderson 2002). Models were ranked by 

AICc, where the model with the minimum AICc was the model with the most support in the 

data. The difference in AICc units between the best supported model and any other model 

(ΔAICc) was used to calculate model weights (AICc 𝑤𝑖), which indicate the relative 

likelihood of the model given the data (Burnham and Anderson 2002). Models with ΔAICc ≤ 

2 were considered models with highest support. The influence of a covariate was deemed 

strong if the 95% CI for the parameter estimate did not include zero. 

RESULTS 

Mean number of Semipalmated Sandpipers per week in the three coastal wetlands 

monitored in this study was 184.80 ± 43.60 (2013) and 128.20 ± 34.70 (2014; Table 1). 

Mean numbers per week did not differ significantly between years per site (P < 0.05). Peak 

counts were registered on 9/25/2013 (2,000 birds) and 11/17/2014 (1,000), with both counts 

were recorded at the Cabo Rojo salt flats. On average, ≥ 60% birds counted occurred at the 

salt flats as compared to the other two wetlands in the study. Birds had significantly higher 
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EPF in 2014 (t = 6.03, df = 507; Table 1). Prey density did not differ significantly among 

wetlands and year (P > 0.05; Table 1 for seasonal averages). We note that variability in prey 

density among wetlands and years was influenced by water depth (Chi-square Ho Var(Depth) 

=0; P < 0.001) and salinity where samples were taken (F = 10.52; DF = 1, 177; P = 0.001). 

Mean weekly average rainfall was virtually identical in 2013 (2.83 r 0.93) and 2014 (2.78 r 

0.94) over 16 weeks. Average water depth was biologically interpretable only in units (A and 

B). On average, both units were 13 cm and 19.2 cm deep in 2013 and 2014, respectively 

(Table 1). This equated to 3.16 ha (2013) and 2.44 ha (2014) of accessible habitat (≤ 4 cm 

depth; Collazo and Parks 2015). 

Weekly residency probabilities were best described by a model that included year and 

a linear time-trend by year (T*YR), prey, rain, a prey * rain interaction and bird abundance 

(AICc 𝑤𝑖 = 0.78; Table 2). The influence of bird abundance was positive, but weak, whereas 

the interaction of prey and rainfall was negative and strong (Table 3). Detection probabilities 

were 0.17 (B), 0.34 (C) and 0.15 (P). Movement probabilities varied annually, and negatively 

influenced by distance (Table 3). The next best supported model was similar to the top 

model, but it did not include the influence of bird abundance (AICc 𝑤𝑖 = 0.097).  

We focus our discussion on the top model as models with an AICc < 2 were virtually 

identical, as noted above, and because there is substantial empirical support in the data for 

the top model (Burnham and Anderson 2002). In 2013, residency probability increased as the 

season progressed, but was most variable early in the season (Figure 2). There were two 

notable drops in residency (downward spikes) for Pitahaya around weeks 5 (23 September) 

and 9 (21 October). In 2014, residency probabilities also tended to increase, but were more 

variable across the season (Figure 3). Downward spikes more pronounced than in the 
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previous year, evident in all wetlands (week 6; 29 September), and subsequently for Pitahaya 

(week 11; 3 November) and Cabo Rojo (week13; 17 November; Figure 3). Downward spikes 

in 2014, for example, were caused by the absence of rainfall (week 6) or prey (week 11) 

during sampling occasions.  

Shorebirds were most likely to remain at Cabo Rojo than in any other wetland in 

2013 (0.97; Figure 4). Movements were more probable from Boquerón to Cabo Rojo (0.33), 

and from Pitahaya to Cabo Rojo (0.22). Movement rates in 2014 were much lower (Figure 

5). For example, movements from Boquerón to Cabo Rojo dropped to 0.03, and were not 

estimable from Pitahaya to Cabo Rojo. Shorebirds remained at the wetland where they were 

marked, but at lower rates than in 2013. 

Estimates of residency rates using only birds marked at the Cabo Rojo salt flats were 

best described by a model with year effects but constant survival, and time-specific detection 

probability (Table 2). Estimates of residency probability yielded a mean length of stay of 

61.5 days (95%CI = 47- 80) and 14 days (95%CI = 11- 16) in 2013 and 2014, respectively.  

DISCUSSION 

We quantified residency and movement rates to gain a better understanding of the 

factors mediating the use and interconnectedness of natural and managed coastal wetlands in 

southwestern Puerto Rico. Consistent with our predictions and the spatial dynamics of 

shorebirds on multi-wetlands landscapes in North America, bird abundance had a positive 

influence on residency rates (Taft and Haig 2006a; Obernuefemann et al. 2013), while inter-

wetlands distance had the opposite effect (Farmer and Parent 1997; Obernuefemann et al. 

2013). Farmer and Parent (1997) suggested that movement rates ≤0.08 between wetlands in 
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mid-western United States indicated that wetlands were effectively isolated. We are reluctant 

to extrapolate this threshold to coastal wetlands in the Caribbean as shorebirds can fly over 

seascapes (e.g., ocean, shorelines) to move among coastal wetlands, likely influencing flying 

distances differently. Moreover, movement rates varied annually over the same wetland 

complex, hinting that factors other than distance mediate movement rates (Tischendorf and 

Fahrig 2000; Belisle 2005). This question warrants further investigation because it helps 

defines what constitute an array of interconnected wetlands for wintering shorebirds. 

Predictions regarding prey density were also supported by the data.  Prey density is a 

proxy of habitat quality, but its levels were mediated by rainfall (rain*prey term in models). 

Rainfall lowers salinity such that colonization, hatching and survival in-situ is higher (Tripp 

and Collazo 2003). In contrast, there was poor support in the data for the influence of 

estimated percent fat on residency rates. Our interest in including this covariate was justified 

because it indexed the energetic condition of Semipalmated Sandpipers. Lack of support was 

not surprising for two reasons. First, southwestern Puerto Rico is part of the wintering range 

of Semipalmated Sandpipers (Rice et al. 2007). Quick EPF increases are not expected 

because Semipalmated Sandpipers are not under migratory time constraints, such as reaching 

the breeding grounds during northbound migration (Alerstam and Lindstrom 1991). Second, 

available studies suggest that Semipalmated Sandpipers are engaged on energy maintenance, 

rather than major build ups (Lyons et al. 2008). It is believed that lower body mass confers a 

survival advantage to wintering shorebirds via predator avoidance (Warnock and Bishop 

1998; Van Der Veen and Sivars 2000; Gentle and Gosler 2001). 

Local residency rates exhibited a seasonal increasing trend, a patterns that reflect that 

shorebirds are moving into the wintering grounds (higher variability) until they settle down 
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(Rice et al. 2007). Noteworthy were the spikes in weekly residency (upward or downward), 

and the lower average residency rate at the salt flats between our study and Rice et al. (2007). 

These researchers documented weekly residency rates 0.94 (0.991 r 0.001 daily), yielding a 

mean length of stay (MLS) of 110 days. We replicated the analysis by Rice et al. (2007) and 

found that MLS was 61.5 and 14 days for 2013 and 2014, respectively. A plausible 

explanation for differences in MLS was lower habitat quality. However, we found that prey 

density, although lower during this study, did not differ from densities reported in 1994-95 (P 

> 0.05; Chapter 1). We note that unlike Tripp and Collazo (2003), we did not detect prey in 

shallow waters (0-6 cm) in unit A in 2014, a depth range that defines foraging habitat for 

most calidrid sandpipers (Weber and Haig 1996; Collazo et al. 2002). Depth at sampling 

points throughout wetlands influenced variability in prey density in our study. Thus, the 

absence of prey in shallow waters was not an unexpected finding. Notwithstanding, it is hard 

to envision the absence of prey throughout the extensive shallow, shoreline waters of the 

entire system (450 ha). Moreover, EPF increased seasonally in 2013 and 2014, paralleling the 

pattern reported by Rice et al. (2007). This index of body condition also reflects habitat 

quality, suggesting that habitat conditions did not limit seasonal improvements in body 

condition (Chapter 1). 

Two other factors might contribute to reported variability in residency rates, but stem 

from population changes at larger scales. Population numbers of resident and migratory 

shorebirds at the salt flats have decreased ≥70% from levels recorded in the late 1980s and 

early 1990s (Chapter 1). A decrease of 80% in Semipalmated Sandpipers has been reported 

at a major wintering site in north-eastern South America (Morrison et al. 2012), and the 

pattern of major population decline is pervasive throughout its range (Andres et al. 2012). 
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We speculate that lower numbers of Semipalmated Sandpipers at the salt flats and 

neighboring wetlands might induce a higher rate of movements just as the opposite happens 

when bird abundance is high (Taft and Haig 2006a, 2006b; Obernuefemann et al. 2013). 

Indeed, predicted residency rates using the top multi-state model in this study and monthly 

average numbers of Semipalmated Sandpipers from 1985-92 (higher abundance) and 2013-

14 (lower abundance) lends support to this possibility. Age structure might also contribute to 

higher turnover rates if juveniles Semipalmated Sandpipers, which tend to exhibit less site 

fidelity, dominated the structure of wintering populations (Evans and Pienkowski 1984, 

Evans 1991). However, 67% of marked birds were adults, and age class did not have a strong 

influence on residency rates in the models. 

We decoupled movement rates of Semipalmated Sandpipers in an effort to augment 

our understanding about how multiple wetlands are interconnected, and factors that may 

mediate that process. Because estimates were derived from wintering individuals, we view 

them as an indication of habitat use. Our findings suggest that Semipalmated Sandpipers used 

the salt flats consistently and at slightly higher levels than the Boquerón Wildlife Refuge and 

Pitahaya State Forest. The value of the salt flats were also illustrated by the preponderance of 

movements towards the system in 2013. Higher use of the salt flats might be associated with 

its openness, since prey levels were similar among wetlands. Pitahaya and Boquerón provide 

linear strips of habitat, and its openness is constrained by mangroves on the ocean side strips. 

Openness is valued because it purportedly enhances predator avoidance (Barbosa 1995; 

Ydenberg et al. 2002; Battley et al. 2003; Pomeroy 2006). Movement rates among wetlands 

in 2014 were lower to non-estimable. Although lower than in 2013, the probability of not 

moving in 2014 still pointed at the value of the Boquerón Wildlife Refuge and the salt flats 
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for Semipalmated Sandpipers that remained in the region. These findings highlighted three 

ecological insights of conservation and management implications: 1) the value of structurally 

connected wetlands, 2) their heterogeneity, and 3) the potential to increase habitat quality at 

the salt flats through management. 

The interconnectedness of multiple wetlands provides added survival value to 

shorebirds, a theoretically construct articulated by Myers et al. (1987) and recently 

reaffirmed by Norris and Marra (2007) for migratory birds. We showed that movements 

occurred between wetlands at 3.69 to 7.78 km apart, a structural feature of the landscape 

mediating movement rates (Tischendorf and Fahrig 2000). Wetland units were uniquely 

different: two areas of fringe mangroves, one of them embedded in an estuary (Boquerón), 

and an extensive salt flats system. This setting offers a range of foraging conditions, as well 

as shelter (e.g., cover, openness), providing Semipalmated Sandpipers, and other 

overwintering shorebirds, alternatives to respond to changing conditions during the winter 

season. 

Many salt flats are subject to salt mining in the Caribbean. Human-induced changes 

may undermine habitat quality by creating pockets of hypersaline water, thereby, truncating 

the number of prey species for shorebirds (Tripp and Collazo 2003). Globally, salt flats and 

pans are attractive to shorebirds due to their extent (size) and water depth (Velazquez 1992; 

Warnock and Takekawa 1995; Dias 2009; Sripanomyom et al. 2011). Therefore, there is 

potential to expand the amount of suitable habitat for migratory shorebirds because salt 

mining is commonplace throughout the region. This potential could be expanded by 

managing portions of salt flats to enhance the prey base. Units A and B are two examples of 

that potential in the Cabo Rojo salt flats. Managing for prey requires maintaining salinity 
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levels at levels that foster survival and reproduction, while maximizing accessible habitat for 

foraging shorebirds. At the salt flats this means managing for salinities of ≤ 65 ppt and 

depths at 0-4 cm because the primary prey item are corixids (Tripp and Collazo 2003) and 

the shorebird community is numerically dominated by small calidrids (Collazo et al. 1995; 

Weber and Haig 1996; Collazo et al. 2002; Chapter 1). This endeavor requires an 

understanding of the relationship between depth and accessible habitat (bathymetric map; 

Collazo et al. 2002; Lyons et al. 2008b) and the ability to move water to and from the 

managed unit in response to changing salinity levels caused by inputs (e.g., rainfall) and 

outputs (evaporation). 

This is the first study, to our knowledge, that quantifies residency rates but also the 

magnitude of movements among wetlands in the Caribbean for migratory Semipalmated 

Sandpipers. It does so in the context of natural and managed systems. The heterogeneity of 

resources characterizing these systems may minimize the need for longer range movements 

that represent a costly endeavor and may lead to higher mortality risks for shorebirds. We 

highlight the value of mangroves, particularly if human-modified wetlands cannot be 

managed. Conservation strategists and decision makers should explore ways to promote the 

conservation of this kind of habitat as it is being lost at fast rates throughout the Caribbean, 

with the possible exceptions of Puerto Rico and Cuba (Valiela et al. 2001; Polidoro et al. 

2010). Our work underscored the value of integrated habitat conservation and management 

for migratory shorebirds. 
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Figure 1. Map of southwestern Puerto Rico (see inset), highlighting the Cabo Rojo salt flats, and Pitahaya State Forest Reserve and 

Boquerón Wildlife Refuge. Semipalmated Sandpipers (Calidris pusilla) were marked and monitored from September to December 

during the fall of 2013 and 2014. Map adopted from Rice et al. (2007).  
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Figure 2. Weekly residency rates (SR) of Semipalmated Sandpipers (Calidris pusilla) for each of the three coastal wetlands in 

southwestern Puerto Rico for the fall of 2013.  Coastal wetlands were the Cabo Rojo salt flats (Cabo Rojo), Pitahaya State Forest 

Reserve and Boquerón Wildlife Refuge. The first sampling occasion was 2 September (week 1) and the last 9 December, 2013.  
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Figure 3. Weekly residency rates (SR) of Semipalmated Sandpipers (Calidris pusilla) for each of the three coastal wetlands in 

southwestern Puerto Rico for the fall of 2014. Coastal wetlands were the Cabo Rojo salt flats (Cabo Rojo), and the Pitahaya State 

Forest Reserve and Boquerón Wildlife Refuge. The first sampling occasion was 1 September (week 1) and the last 8 December, 

2014.  
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Figure 4. Movement probabilities (Psi) for Semipalmated Sandpipers (Calidris pusilla) between the three coastal wetland (states) 

in southwestern Puerto Rico for the fall of 2013. SR = weekly residency probability (rSE) over the season. The states were: C-

Cabo Rojo, B-Boquerón and P-Pitahaya. Arrows represent the direction of the transition probability between states (rSE).  
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Figure 5. Movement probabilities (Psi) for Semipalmated Sandpipers (Calidris pusilla) between the three coastal wetlands (states) 

in southwestern Puerto Rico for the fall of 2014. SR = weekly residency probability (rSE) over the season. The states were: C-

Cabo Rojo, B-Boquerón and P-Pitahaya. Arrows represent the direction of the transition probability between states (rSE). 
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Table 1. Average (±SE) abundance of Semipalmated Sandpiper (Calidris pusilla) and small 

calidrids (peeps) per week (August 25-29 to December 16) in the fall of 2013 and 2014 at the 

Cabo Rojo salt flats, the Boquerón Wildlife Refuge, and Pitahaya State Forest in 

southwestern Puerto Rico, and all areas combined. Small calidrids were Semipalmated 

Sandpipers, White-rumped Sandpiper (Calidris fuscicollis), Least Sandpiper (Calidris 

minutilla), and Western Sandpiper (Calidris mauri). We also summarize weekly averages of 

salinity (ppt) and depth (cm), and the seasonal average of estimated percent fat (EPF) for 

Semipalmated Sandpipers.  Total captures at each location to estimate EPF and the number 

of weekly sampling occasions is reported parenthetically.  The median (M) and average prey 

density (individuals/0.01 m^3) are also reported. 

 

Location Variable Mean (±SE) 
2013                                            2014 

Boquerón Salinity 54.2 ± 7.3 (12) 34.2 ± 2.6 (15) 
 Depth 5.2 ± 1.0 (11) (M=4.4) 10.1 ± 0.9 (15) (M=10.25) 
 EPF -6.62 ± 2.47 (49) 4.63 ± 0.98 (63) 
 SESA 34.7 ± 11(14) 49.4 ± 12.4 (17) 
 PEEP 37.4 ± 11.4 (14) 87 ± 29.5 (17) 
 Prey 12.5 ± 6.3 (12) 36.1 ± 9 (16) 
Cabo Rojo Salinity 50.7 ± 5.0 (10) 46.7 ± 4.3 (16) 
 Depth 13.0 ± 1.8 (10) (M=13.86) 19.2 ± 1.0 (16) (M=17.96) 
 EPF 3.21 ± 1.48 (140) 11.27 ± 1.03 (167) 
 SESA 475.9 ± 134.9 (17) 247.5 ± 71.7 (16) 
 PEEP 554.6 ± 41 (16) 271.6 ± 9.6 (16) 
 Prey 15.1 ± 4.6 (10) 44 ± 11 (16) 
Pitahaya Salinity 63.5 ± 5.9 (10) 45.8 ± 2.4 (6) 
 Depth 17.7 ± 2.7 (10) (M=14.5) 22.4 ± 1.5 (6) (M=21.3) 
 EPF 2.99 ± 1.66 (71) 7.0 ± 2.65 (19) 
 SESA 31.7 ± 9.6 (13) 97.4 ± 61.5 (13) 
 PEEP 38.3 ± 9.5 (13) 103.8 ± 61.4 (13) 
 Prey 70.3 ± 20.1 (10) 19.2 ± 15.1 (16) 
All Wetlands 

All All Wetlands 

EPF 1.29 ± 0.92 (260) 9.27 ± 0.94 (249) 
 SESA 184.8 ± 43.6 (17) 128.2 ± 34.7 (17) 
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Table 2. Multi-state model selection for residency rates (S), encounter probability (p) and movement rates (Psi) for Semipalmated 

Sandpipers (Calidris pusilla) among three coastal wetlands in southwestern Puerto Rico, for the falls of 2013 and 2014. Coastal 

wetlands (states) were the Cabo Rojo salt flats (C), and the Pitahaya (P) State Forest Reserve and Boquerón (B) Wildlife Refuge. 

Models were ranked by ΔAICc values. AICc, Model weight (AICc 𝜔𝑖), number of parameters (k), and model deviance are also 

listed. Model covariates were estimated percent fat (Epf), Rain (cm), Prey (prey/sample), Birds (number of birds per sample and 

site), year (2013 or 2014), inter-wetland distance, and age (juvenile or adult). A linear (T) or quadratic (TT) time trend in 

residency was also modeled. Encounter probabilities were modeled as constant (.), or by year (YR). Residency covariates were 

modeled as interactions (*) or additive effects on either constant (.) or time varying (t) parameters. Complementary transition 

probabilities were estimated in each direction. Transitions among the three study areas (P to B, P to C, and B to P) were fixed 

(zero) because no birds were observed moving between states (see text).  

Model AICc ΔAICc AICc 𝜔𝑖 k Devianc
e 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Birds), p (Wetland (.)), Psi 
(YR, Each Direction+Distance)} 

2521.78 0.00 0.78 15 2491.24 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (.)), Psi (YR, 
Each Direction+Distance)} 

2525.95 4.16 0.10 14 2497.47 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Age), p (Wetand (.)), Psi 
(YR, Each Direction+Distance)} 

2527.61 5.83 0.04 15 2497.07 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Epf), p (Wetland (.)), Psi 
(YR, Each Direction+Distance)} 

2527.94 6.16 0.03 15 2497.40 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Birds), p (Wetland (.)), Psi 
(YR, Each Direction)} 

2528.02 6.23 0.03 14 2499.54 
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Table 2 Continued 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (.)), Psi (YR, 
Each Direction)} 

2531.97 10.19 0.005 13 2505.56 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Age), p (Wetland (.)), Psi 
(YR, Each Direction)} 

2533.51 11.72 0.002 14 2505.03 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Epf), p (Wetland (.)), Psi 
(YR, Each Direction)} 

2533.93 12.15 0.002 14 2505.46 

{S (Wetland+T*YR+Prey+Salinity+Prey*Salinity), p (Wetland (.)), Psi 
(YR+Each Direction+Distance)} 

2534.35 12.57 0.001 14 2505.88 

{S (Wetland+T*YR+Prey), p (Wetland (.)), Psi (YR, Each 
Direction+Distance)} 

2540.38 18.59 0.0001 12 2516.03 

{S (Wetland+T*YR+Prey+Prey^2), p (Wetland (.)), Psi (YR, Each 
Direction+Distance)} 

2541.71 19.92 0.00004 13 2515.29 

{S (Wetland+T*YR), p (Wetland (.)), Psi (YR, Each Direction)} 2545.55 23.77 0.00001 11 2523.25 
{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (YR), Psi (By Wetland of 
Origin+Distance+Birds)} 

2547.71 25.93 0 16 2515.10 

{S (Wetland (YR)), p (Wetland (.)), Psi (YR)} 2548.26 26.48 0 15 2517.72 
{S (Wetland (YR)), p (Wetland (YR)), Psi (.)} 2549.43 27.64 0 18 2512.65 
{S (Wetland (YR)), p (Wetland (.)), Psi (.)} 2552.04 30.25 0 15 2521.49 
{S (Wetland+T*YR+Salinity), p (Wetland (.)), Psi (YR, Each 
Direction+Distance)} 

2556.30 34.51 0 12 2531.95 

{S (Wetland+T*YR+Perimeter-Area Ratio), p (Wetland (.)), Psi (YR, 
Each Direction+Distance)} 

2556.95 35.16 0 12 2532.60 

{S (Wetland+T*YR+Rain), p (Wetland (.)), Psi (YR, Each 
Direction+Distance)} 

2557.27 35.48 0 12 2532.92 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (.)), Psi 
(YR+Distance+Birds+C-Rain)} 

2557.57 35.79 0 13 2531.16 

{S (Wetland+T*YR+Age), p (Wetland (.)), Psi (YR, Each 
Direction+Distance)} 

2557.94 36.15 0 12 2533.58 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (YR)), Psi 
(Each Direction)} 

2557.99 36.20 0 15 2527.44 

{S (Wetland+T*YR), p (Wetland (YR+Perimeter-Area Ratio)), Psi 
(YR)} 

2558.01 36.22 0 15 2527.46 
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Table 2 Continued 

{S (Wetland (.)), p (Wetland (.)), Psi (YR)} 2558.08 36.29 0 18 2521.30 
{S (Wetland+TT*YR+Prey+Rain+Prey*Rain), p (Wetland (YR)), Psi 
(Each Direction)} 

2558.60 36.81 0 16 2525.98 

{S (Wetland+T*YR+Birds), p (Wetland (.)), Psi (YR, Each Direction)} 2558.89 37.11 0 11 2536.60 
{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (YR1=YR2)), 
Psi (YR+Distance+Birds)} 

2559.27 37.48 0 12 2534.91 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (YR1=YR2)), 
Psi (By Wetland of Origin+Distance+Birds)} 

2559.27 37.48 0 12 2534.92 

{S (Wetland+TT*YR), p (Wetland (.)), Psi (YR, Each Direction)} 2560.34 38.55 0 11 2538.04 
{S (Wetland+TT*YR+Birds+Birds^2), p (Wetland (.)), Psi (YR, Each 
Direction)} 

2560.80 39.01 0 12 2536.45 

{S (Wetland+T+YR), p (Wetland (.)), Psi (YR, Each Direction)} 2560.98 39.19 0 10 2540.73 
{S (Wetland+T+YR), p (Wetland (.), Psi (YR)} 2560.98 39.19 0 10 2540.73 
{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (.)), Psi 
(YR+Distance+Birds+Rain)} 

2560.96 39.18 0 13 2534.95 

{S (Wetland+T+YR+Rain), p (Wetland (.)),  Psi (YR, Each Direction)} 2561.99 40.21 0 11 2539.69 
{S (Wetland+T*YR+Prey+Rain+Prey*Rain+Birds), p (Wetland (.)), Psi 
(YR+Birds+C-Rain)} 

2562.70 40.92 0 13 2536.29 

{S Wetland+T*YR), p (Wetland (.)), Psi (YR, Each Direction)} 2565.92 44.13 0 11 2543.62 
{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (.)), Psi (Each 
Direction)} 

2566.59 44.80 0 12 2542.24 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (.)), Psi 
(YR+Birds+C-Rain)} 

2568.42 46.64 0 11 2546.11 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (YR1=YR2)), 
Psi (By Wetland of Origin+Distance)} 

2574.43 52.64 0 11 2552.13 

{S (Wetland+T*YR), p (Wetland (YR)), Psi (By Wetland of 
Origin+Distance+Prey+Rain+Prey*Rain+Birds)} 

2576.42 54.64 0 16 2543.80 

{S (Wetland+T*YR+Prey+Rain+Prey*Rain), p (Wetland (YR)), Psi (By 
Wetland of Origin+Birds)} 

2580.97 59.19 0 11 2558.67 

{S (Wetland (.)), p (Wetland (.)), Psi (YR)} 2591.09 69.30 0 13 2564.68 
{S (Wetland+T), p (Wetland (.)), Psi (Each Direction+Distance)} 2602.07 80.28 0 9 2583.87 
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Table 2 Continued 

{S (Wetland (YR*t)),  p (Wetland (.)), Psi (YR)} 2606.24 84.46 0 100 2380.77 
{S (Wetland (YR)), p (Wetland+T), Psi (YR)} 2613.60 91.82 0 13 2587.19 
{S (Wetland (.)), p (Wetland (t)), Psi (Wetland (.))} 2613.90

8 
92.12 0 54 2498.83 

{S (Wetland+T), p (Wetland(.)), Psi (Each Direction)} 2614.11 92.33 0 8 2597.95 
{S (Wetland (.)), p (Wetland (YR)), Psi (.)} 2656.24 134.45 0 12 2631.89 
{S (Wetland (.)), p (Wetland (.)), Psi (Wetland (.))} 2688.50 166.72 0 12 2664.15 

 

 



 

  53 

Table 3. Model selection for residency rates for Semipalmated Sandpipers (Calidris pusilla) 

at the Cabo Rojo salt flats during the fall of 2013 and 2014. Models were ranked by ΔAICc 

values. AICc. Model weight (AICc 𝜔𝑖), model likelihood (ML), number of parameters (k), and 

model deviance are also listed. Residency rates (S) and encounter probabilities (p) were 

modeled as either constant (.), time varying (t) or by year (YR), and in the case of residency 

rates (YR*t). Top model received an additive effect (+) of covariate epf (estimated percent 

fat). 

Model AICc ΔAICc AICc 𝜔𝑖 k Deviance 
{S(YR) p(t) PIM} 1516.049 0 0.66 17 1480.96 
{S(YR + epf) p(t) PIM} 1517.45 1.40 0.33 18 1480.23 
{S(YR*t) p(t) PIM} 1529.51 13.46 0.01 44 1434.12 
{S(YR*t) p(.) PIM} 1560.70 44.65 0 31 1495.08 
{S(t) p(t) PIM} 1563.74 47.69 0 29 1502.58 
{S(YR) p(.) PIM} 1568.99 52.94 0 3 1562.95 
{S(YR) p(YR) PIM} 1570.24 54.19 0 4 1562.17 
{S(t) p(YR) PIM} 1593.23 77.18 0 17 1558.14 
{S(t) p(.) PIM} 1599.24 83.19 0 16 1566.27 
{S(.) p(t) PIM} 1611.96 95.915 0 16 1578.99 
{S(.) p(YR) PIM} 1641.13 125.08 0 3 1635.09 
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Table 4. Parameter estimates from a multi-state mark-recapture model of movement 

probabilities (Psi), stopover residency (SR), and detection (p) of Semipalmated Sandpipers at 

three coastal wetlands (states) in southwestern Puerto Rico during the fall of 2013 and 2014 

(logit-scale estimates from top model in Table 2). Coastal wetlands (states) were the Cabo 

Rojo salt flats (C), and the Pitahaya (P) State Forest Reserve and Boquerón (B) Wildlife 

Refuge. Covariates are listed in Table 2. The influence of a covariate was deemed strong if 

the 95% CI for the parameter estimate did not include zero (*).  Transitions (P to B, P to C, 

and B to P) were fixed (zero) because no birds were observed moving between states (see 

text). 

 

   95% Confidence Interval 
Parameter Estimate SE Lower Upper 

Residency (SR)     
Intercept 0.308 0.340 -0.359 0.974 
T (Linear)* 0.279 0.041 0.199 0.359 
Prey -0.029 0.005 -0.038 -0.020 
Rain -0.320 0.120 -0.555 -0.085 
Prey × Rain* 0.021 0.007 0.007 0.035 
Birds* 0.0004 0.0001 0.00006 0.0006 

     
Detection (p)     
Boquerón -1.560 0.212 -1.976 -1.143 
Cabo Rojo -0.642 0.087 -0.812 -0.471 
Pitahaya -1.715 0.309 -2.321 -1.120 

     
Movement (Psi)     
Pitahaya (2013) -1.370 1.436 -4.185 1.446 
Boquerón (2013) -0.440 0.580 -1.576 0.696 
Cabo Rojo (2013) 3.234 0.523 2.209 4.259 
Pitahaya (2014) - - - - 
Boquerón (2014) - - - - 
Cabo Rojo (2014) -0.803 0.692 -2.160 0.554 
Distance* -0.577 0.215 -0.998 -0.156 
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