INTRODUCTION



Shorebirds migrate along the Atlantic Coast of North America between breeding grounds in the arctic and over-wintering grounds in the southern United States, Central America, and South America (Helmers 1992).  During migration, shorebirds stop at few, widely spaced, highly productive wetlands for resting and refueling (Morrison 1984; Myers et al. 1987).  Areas like the Copper River Delta host millions of migrants annually.  At these stopover sites, a migrant will increase its body mass by as much as 100% (Helmers 1992).  The dependency of shorebirds on these geographic links makes them particularly vulnerable to habitat loss or degradation (Myers et al. 1987; Howe et al. 1989).  For example, losing a single staging area (e.g., Copper River Delta, Delaware Bay) could translate into losses of as much as 80% of a species’ population (Myers 1983).  Regrettably, wetland acreage continues to decline nationwide.  Losses amount to about 50% across the nation since the early 20th century.  Compounding these losses is the massive ditching of coastal wetlands for mosquito control purposes that took place in the 1930’s (Helmers 1992).  Therefore, shorebird conservation efforts require that key wetlands used by migratory shorebirds be identified, protected, and where needed, managed properly (Myers 1983).  

Much of the wetland acreage available along the Atlantic Flyway, including managed wetlands (e.g., impoundments), are under the jurisdiction of the U.S. Fish and Wildlife Service’s National Wildlife Refuges (NWR).  Within the South Atlantic region (e.g., Florida), dwindling coastal habitats are protected within National Wildlife Refuges such as Merritt Island (Sprandel et al. 1997).  These wetlands gain importance when it is considered that development in Florida has reduced coastal habitats by more than 50%, so that statewide, only 5,000 hectares remain (Sprandel et al. 1997).  

In the South Atlantic, as elsewhere in the United States, Refuges used to manage their wetlands primarily to meet waterfowl (game bird) habitat requirements.  Since the early 1990s, however, the U.S. Fish and Wildlife Service recognized the need to incorporate a wider array of species in their management goals, an ecosystem approach.  Consequently, National Wildlife Refuges at present consider the resource needs of both game and nongame wildlife, including shorebirds.  Unlike the northern portions of the Atlantic Flyway, meeting multi-species management goals in the southeast United States represents a unique challenge because the migratory cycles of waterfowl and shorebirds exhibit greater overlap in time and space (Collazo 1998).  The nature of the challenge becomes more apparent when basic habitat requirements are considered.  Waterfowl require moderate to deep water (> 25cm to several meters) for dabbling and diving.  Moreover, traditional management aims at mimicking natural hydrological cycles to propagate waterfowl food plants (Epstein and Joyner 1988; Epstein 1995).  In contrast, shorebirds require shallow water for successful foraging and safe roosting.  While large to medium sized shorebirds can handle water depths of 10 to 25cm, smaller shorebirds (sandpipers and plovers) require water depths of less than 10cm, preferably less than 4cm (Helmers 1992).

To help meet multi-species management goals, a manager requires the following basic information on shorebirds: (1) species composition and numbers, (2) migratory chronology, and (3) habitat requirements.  The first two parameters help to synchronize management manipulations with the seasonal peaks of different species.  The last one helps define habitat quality for the species of interest.  Attributes associated with good quality habitat are openness (e.g., for predator avoidance), substrate penetrability (e.g., facilitates foraging), and prey availability (Weber and Haig 1997a, 1997b).  A component of prey availability is access.  Therefore, water levels must be adjusted to conform to the range of shorebird sizes using the area of interest.

In 1998 and 1999 I collected data on these parameters at Merritt Island National Wildlife Refuge in an effort to provide a wider basis to develop a multi-species management strategy for the Refuge.  Merritt Island is considered one of the few important shorebird sites on Florida’s northern Atlantic Coast (Sprandel et al. 1997).  In Chapter I, I document the timing of migration, population numbers and mean length of stay of a common migrant, the Dunlin (Calidris alpina), using a mark-resight approach.  I also assessed the numeric and functional importance of the Refuge for the species.  In Chapter II, I assess habitat quality for migratory shorebirds at Merritt Island.  Specifically, I quantified seasonal prey levels and accessibility relative to the foraging habits of the dominant shorebird assemblage.  I also used these parameters, and pertinent ones from Chapter I, to assess whether current management regimes were meeting shorebird habitat requirements at Merritt Island during winter and spring using an energetics model developed by Loesch et al. (1995).



�Chapter 1



Numbers and Distribution of Shorebirds at Merritt Island National Wildlife Refuge, Florida

�INTRODUCTION

	Many of the wetlands available to shorebirds along the South Atlantic coast are under the jurisdiction of the National Wildlife Refuge System of the U.S. Fish and Wildlife Service.  Coastal marshes and managed wetlands at Merritt Island National Wildlife, exceeding 10,000 ha, constitute a prime example (Hunter et al. 2000).  Recognizing the potential contribution towards the conservation of migratory shorebirds, the Refuge System has set out to develop a Coordinated Shorebird Management Plan.  This plan seeks to enhance the use of Refuges by shorebirds through carefully coordinated habitat management while not adversely affecting other wildlife groups (e.g., waterfowl).  Managing Florida’s wetlands is no simple task, as management is torn between multiple, sometimes conflicting, objectives that include mosquito control waterfowl, and shorebird management.

Previous studies at Merritt Island National Wildlife Refuge attest to its importance to shorebirds, particularly during winter (Breininger and Smith 1990; Sprandel et al. 1997; Stolen 1999).  Breininger and Smith (1990) reported 27 species for the Refuge.  Monthly winter surveys conducted by Sprandel et al. (1997) yielded an average of >1,000 shorebirds per survey along a route covering six impoundments.  Merritt Island is comprised of at least 70 impoundments, suggesting that many more shorebirds use the Refuge during winter.  Stolen (1999) also reported species composition and numbers of wintering and migratory shorebirds, but his surveys were restricted to outer beach habitats.  Species recorded during his study (e.g., Sanderlings, Red Knots) are not typical of inland wetlands (e.g., managed wetlands, Howe 1984).

These studies provided valuable baseline information on species composition and numbers, but they are not sufficient to develop a multi-species management strategy for several reasons.  First, time intervals between surveys (e.g., Sprandel et al. 1997) were likely too long to capture an accurate picture of migration chronology.  Data collected by Breininger and Smith (1990) are also of limited value because data were collected only monthly using aerial surveys.  Secondly, spring migration has not been adequately monitored by these studies.  For example, Sprandel et al. (1997) emphasized winter months (Oct.-March).  International Shorebird Survey data suggest that the South Atlantic region is more important for shorebirds during spring than during fall migration (Hunter et al. 2000).  Therefore, Merritt Island could provide an important ecological service as a staging area for spring migrants, and this possibility needs to be documented.  

Here, I report species composition, timing of migration, and population numbers of shorebirds at Merritt Island during winter and spring of 1998 and 1999.  Efforts were designed to expand upon information on these metrics in order to develop an effective multi-species management strategy.  In particular, I was interested in estimating residency rates to determine mean length of stay of shorebirds at the Refuge and to account for turnover rates during population estimation.  The former is essential to assess the average time period shorebirds would need suitable habitat (e.g., to meet energetic demands, Loesch et al. 1995).  The latter is important to better assess the numerical importance of the Refuge to wintering and migratory shorebirds.

Although data on all species are reported, I chose the Dunlin (Calidris alpina) as a focal species for my work because it is the most common species at MINWR (Sprandel et al. 1997).  Moreover, their medium size makes Dunlins an appropriate biological surrogate.  That is, lessons gained about their ecology are applicable to other Calidrids using the Refuge (e.g., Western Sandpipers Calidris mauri).  Finally, Dunlins are one of the few species whose wintering range includes the southern United States. Yet, their ecology during this part of their annual cycle has not been intensely studied.  The race of Dunlin that migrates along the Atlantic and Gulf Coasts is Calidris alpina hudsonia.  It breeds northwest of Hudson Bay in Canada and winters in the southern United States and northern Mexico (Burger and Olla 1984).



METHODS

Study Area

Merritt Island National Wildlife Refuge is adjacent to the J. F. Kennedy Space Center grounds on Merritt Island, located along the east-central coast of Florida (28Ί40.2’ x 80Ί46.37’).  The Island is composed of sandy beaches, dune systems, narrow longitudinal lagoons, hammocks, and 76 high salt marshes, which are managed jointly by the U.S. Fish and Wildlife Service, the National Park Service, Brevard Mosquito Control District, and the National Aeronautics and Space Administration (NASA).  To the west, the Indian River separates Merritt Island from the mainland.  The Atlantic Ocean is to the east (Figure 1).

Historically, the brackish marshes were nontidal and predominantly dry, with some creeks and pools (Trost 1967; Breininger and Smith 1990).  These marshes were impounded for mosquito control in the 1950s and 1960s.  Prolonged flooding associated with impoundment resulted in significant changes in the plant and invertebrate communities (Brockmeyer et al. 1997).  Since 1992, many of Merritt Island’s impoundments have been reconnected to the estuary (Indian River Lagoon) by installing culverts through the perimeter dikes (Brockmeyer et al. 1997).  

Seventeen brackish impoundments located on the Refuge were chosen for this study.  These impoundments in the T-10 and T-24 series are managed according to the “Wildlife-Aquatic” management regime for multi-species groups with the aid of water control structures, including two pump stations and culverts with riser boards or flap gates.  The impoundments vary in acreage, the percent of vegetated area, sediment type, bottom contour, management schedule and objectives, and the ease with which hydrology can be manipulated.  Two impoundments follow “Open” management with culverts left open year-round (T-10-H and T-10-C).  Vegetation consists of musk grass (Chara spp.), widgeon grass (Rupia maritima), saltwort (Batis maritima), glasswort (Salicornia spp.), sand cordgrass (Spartina bakeri), salt grass (Distichlis spicata), needle rush (Juncus spp.), black mangrove (Avicennia germinans), and white mangrove (Laguncularia racemosa) (Breininger and Smith 1990; Brockmeyer et al. 1997). In the majority of impoundments, water depth does not exceed more than 1 meter when water is at its deepest (Brockmeyer et al. 1997).  The one exception is impoundment T-10-D, which can exceed 5m during the winter flooding phase.  Sediments are predominantly fine silts and mud.  The area is basically nontidal with greater hydrological influence coming from prevailing winds and climate (Brockmeyer et al. 1997).  Impoundments are only subject to wind driven tides, and surges at full moon and spring tides.  



Shorebird Census

I surveyed seventeen impoundments, totaling 9,000 acres of marsh, for shorebirds from early February to late May, 1998; and from November to mid- December, 1998; and mid January to early May, 1999.  The T-10 impoundment series runs along Black Point Wildlife Drive (T10 E, G, H, I, J, and K) (Figure 2).  South of Black Point lie T-10-A, B, C, D, and F. T-10-L and M lie north of Black Point.  The T-24 series (T-24-A, 24B, 24C, and 24D) is located south of the T10 series.  See Table 1 for acreage. 

	Surveys were conducted by car once a week in 1998 and twice a week (or every four days) in 1998-99 using spotting scopes and binoculars.  One large impoundment (T-10-F) was surveyed on foot for improved visibility of areas hidden behind mangroves.  It was not necessary to schedule counts around a tide cycle since this marsh is nontidal and the beach, which is several miles away, is poorly used by shorebirds.  Therefore, counts began in the morning and ran until completion in mid afternoon.  Only birds located on the impoundments were counted.  Flying birds were not counted unless they landed.  One pair of observers surveyed “Wildlife Drive route”, while a second pair of observers surveyed “South route”.  Observers alternated routes and order in which impoundments were visited for each consecutive census, to minimize observer bias and effects of time of day.  Because large shorebird concentrations were common, flocks of over 1,000 birds were estimated using a grouping technique while flocks numbering less than 1,000 were counted with the aid of tally meters.  Observers maintained radio contact to track flock movement and thereby prevent double counting.  Semipalmated Sandpipers (Calidris pusilla) and Western Sandpipers were grouped together as “peeps”.  Although Short-billed Dowitchers (Limnodromus griseus) dominate brackish waters (Ehrlich et al.1988), I counted all as “Dowitcher spp.”, on the chance that there were Long-billed Dowitchers (Limnodromus scolopaceus) present.

	

Data Analysis

I used analysis of variance (ANOVA) to examine temporal and location effects (i.e., distribution of shorebirds).  The response variable was mean number of Dunlins and shorebird assemblage (i.e., all species combined).  I also examined patterns of two other common species/groups, Least Sandpipers (Calidris minutilla) and peeps; species that also require shallow water conditions.  Shorebird numbers were log transformed to meet the assumptions of homogeneity of variances.  Analyses were run separately for each year (1998, 99).



Population Estimates and Residency Rates of Dunlins from Mark-Resight data

Dunlins were color-marked during 1998 and 1999 to estimate population size, turnover rates, and mean length of stay.  Dunlins were captured with a rocket net in 1998 and with mist nets in 1999.  I targeted impoundments where Dunlins roosted in large concentrations (especially on T-10-F, I, E, and D and T-24-A).  Birds were quickly extracted from the nets and placed in cardboard holding boxes.  Each bird was fitted with an aluminum U.S. Fish and Wildlife Service leg band and a series of four color bands arranged in unique combinations, with three on one leg, and one on the other.  Combinations were generated from six possible colors during 1998 and from eight colors in 1999.  To reduce the possibility of band loss, color band seams were melted together.  Measurements were taken of (flattened) wing cord (mm), bill length (using a Vernier caliper), and body mass (to the nearest 0.1 grams using a spring scale).  Birds were released at the site of capture.

	A “resight” survey for color-banded birds was conducted every four days in both years on all seventeen impoundments.  During resight surveys, I recorded all observable birds and noted their complete color band combinations to generate marked to unmarked ratios.  Incomplete band combinations were also counted for use in estimating population size. 

	Residence probabilities for Dunlins were estimated using the Jolly-Seber models for open populations (Pollock et al. 1990).  I used program JOLLY to generate the parameter estimates.  Residence probability is defined as 1-[mortality + emigration].  Mortality was assumed to be zero since estimates were made over short time intervals (7 days for 1998; 10 days for 1999).  Emigration is assumed to be permanent in the Jolly-Seber model.  This assumption was likely met since resight surveys canvassed the entire 8,000 acres of potential shorebird habitat, and resight crews maintained radio contact to track flock movements closely.  Dunlins were never seen on the adjacent beaches.  No birds were found to have lost bands, although many resights were of incomplete band combinations when the birds’ legs were partially underwater.  In this case, it was impossible to rule out band loss.  Temporary trap response was not apparent during resights, since banded birds mixed well in flocks with unbanded birds and resumed normal behaviors upon release.  

Data were analyzed with the general model for open populations (Model A; Jolly 1965, Seber 1965).  Model A allows for variation in capture and survival probabilities over sampling periods (Pollock et al. 1990).  Residence probability (�EMBED Equation.3���) is the probability that a bird alive in period i will still be present during sampling period i + 1.  Turnover rate (1- �EMBED Equation.3���) is the rate at which birds depart the sampling area.  Residence probabilities (�EMBED Equation.3���±SE) were estimated at 14 seven-day intervals from 16 February to 18 May 1998 and at 8 ten-day intervals from 14 January to 3 April 1999.  Estimates beyond April were not made due to low resights.  Mean length of stay (MLS) was estimated for Dunlins to determine their residency time.  MLS was calculated as a variation of mean life expectancy (Brownie et al. 1985). MLS= 1/-ln(�EMBED Equation.3���), where �EMBED Equation.3��� is the mean daily survival rate from JOLLY.

To estimate population size, I used the Lincoln-Peterson Index (Pollock et al. 1990).  The estimate of the number of marked birds (Mi) in the population during each resight census was provided by the JOLLY output.  Population size (�EMBED Equation.3���) for each resight census was calculated as �EMBED Equation.3��� = �EMBED Equation.3��� x Total number of birds/Number of marked birds.  Population sizes were not estimable for the first and last resight periods for each year. 

Confidence of road censuses was assessed by determining whether census counts fell within the 95% confidence limits of the population estimates (�EMBED Equation.3��� ± SE) (sensu Hestbeck and Malecki 1989).  The relationship between counts and mark-resight population estimates (log-transformed) was assessed using linear regression, forcing the intercept through the origin.  Ten-day intervals in 1999 encompassed more than one road census.  Therefore, I was able to calculate variation around the mean road count for during an interval (e.g., mean and standard error).

	An estimate of the number of birds using Merritt Island was defined as the sum of departing Dunlins from all resighting periods plus the high road count recorded prior to the beginning of the resight surveys each year (e.g., February 11, 1989 road count-5,688; January 18, 1999 road count- 5,476).  The number of Dunlins departing during period i is (1- �EMBED Equation.3���)(�EMBED Equation.3���), where �EMBED Equation.3��� is the residency rate for the interval from period i to i+1 and �EMBED Equation.3��� is the population estimate for the period.  I calculated two separate estimates of departures.  One was based on JOLLY population estimates (e.g., �EMBED Equation.3���) and the other on road counts.

RESULTS

Species Richness and Composition

	Over the course of the study, 22 species were recorded in 1998 and 21 in 1999 (see Appendix A for list and scientific names).  Species richness was greater in spring than in winter.  Several species reached peak abundance during the winter months (Table 2).  I counted 67,774 shorebirds in 1998.  Dunlins (43.8%), Least Sandpipers (22.3%), and Peeps (11.7%) were the most abundant shorebird species during 1998 and accounted for 77% of the total numbers counted.  I counted 178,645 shorebirds in 1999.  Dunlins (55.8%), Peeps (10.9%), and Least Sandpipers (9.8%) were again the most abundant shorebird species in 1999, accounting for 76% of the total numbers counted (Table 3). Monthly abundances for all shorebird species visiting MINWR are reported in Appendix B.



Shorebird Abundance

Shorebirds (i.e., species assemblage) varied by location (impoundment) and month in 1998 (F 48,204 = 2.388; p <0.0001) and in 1999 (F 96,561= 4.519; p <0.0001) (Tables 4 and 5).  There was also a significant interaction between impoundment and month for Dunlins in 1998 and in 1999.  

In 1998, the shorebird assemblage was most abundant in March and April and on impoundments T-10-F, I, and L (Figure 3).  Dunlin numbers were highest in February and March and on T-10-E, F, and I (Figure 4).  Due to the late start of the season, I was not able to discern more than one peak in numbers (Figure 5).  In 1999, Dunlins did peak twice, first in January and then in March (Figure 6).  Shorebird numbers were greatest on impoundments T-10-F, I, and L (Figure 7).  Dunlin numbers were also highest in January and March and on impoundments T-10-D, F, and I (Figure 8).

Migration chronology differed among species and between years for other small Calidrids (Figures 9 and 10).  Peeps visited Merritt Island in the late spring in 1998 but were abundant in the winter of 1999.  Least Sandpipers were earlier migrants than peeps in 1998, peaking in April.  Their presence at the Refuge was similar to that of Dunlins in 1999, with January and March peaks.



Residence Probability

Model A was selected for 1998 data despite the fact that the fit was marginally significant (Χ2 = 20.3878, d.f. = 11, p = 0.0403).  Lack of fit was probably the result of a low number of resightings (periods 6 and 9 accounted for 37% of Χ2 value).  Model A was also selected for 1999 data (Χ2 = 1.4518, d.f. = 2, p = 0.4839).  Outputs from program JOLLY can be found in Appendices E and F.

For 1998, mean daily residence probability (�EMBED Equation.3��� ± SE) was 0.9609 ± 0.0087 (Table 6).  Mean resighting probability was 0.2239.  For 1999, mean daily residence probability was 0.9757 ± 0.0055 (Table 7).  Mean resighting probability was 0.1813.

	Mean length of stay (MLS) for Dunlins in 1998 was 25 days in the winter and 24 days in the spring (Table 6).  Overall MLS was 25 days.  In 1999, Dunlins remained an average of 40 days during winter (Table 7).



Population Estimation

In 1998, 158 banded Dunlins were sighted.  An additional 15,512 were counted as unmarked.  Population size was estimated for 12 of 14 resight periods (Table 8).  Dunlin numbers peaked between February 26-March 4 and March 26-April 2, when population estimates exceeded 6,000 birds.  Numbers declined markedly after mid-April.

In 1999, 447 banded Dunlins were found.  An additional 42,230 were counted as unmarked.  Population sizes were estimated for 6 of 8 resight periods (Table 9).  Dunlin numbers were high between February 23-March 24, when estimates exceeded 9,000.  Peak numbers were recorded during the February 23-March 4 interval, when >17,000 Dunlins were estimated.  

Road counts of Dunlins were generally lower than population estimates obtained from mark-resight data (Tables 8 and 9).  Seven of 12 road counts in 1998 and 2 of 6 counts in 1999 fell within the 95% confidence limits for �EMBED Equation.3��� (Table 9).  Road counts were 1.42 and 2.29 times lower than JOLLY estimates for 1998 and 1999, respectively.

Based on departures and population size generated from mark-resight data, an estimated 14,311 Dunlins used Merritt Island in the winter and spring of 1998 (Table 10) and 22,367 in the winter of 1999 (Table 11).  Using departures and road counts as estimate of population size, an estimated 11,138 Dunlins used MINWR in 1998 (Table 10) and 12,983 in 1999 (Table 11). 



DISCUSSION

Most of the 23 species detected in this study are typically associated with salt marshes (Helmers 1992).  Dunlins were the most abundant, followed by Least Sandpipers, and Peeps.  Three species of concern were also recorded on MINWR during this study (Short-billed Dowitcher, Red Knot (Calidris canutus), and Black-bellied Plover (Pluvialis squatarola)).  Species typically found on beaches (e.g., Sanderlings (Calidris alba), Ruddy Turnstones (Arenaria interpres), Red Knots; Stolen 1999) exhibited relatively low abundances on Merritt Island’s marshes.

Dunlins comprised about half of all shorebirds counted.  Peaks were recorded in March in 1998 and in January and March in 1999.  By late April, Dunlin abundance dropped markedly.  Impoundments T-10-F and T-10-I consistently harbored the majority of Dunlins, as well as the rest of the shorebird assemblage.  These impoundments had accessible habitat and higher prey levels throughout the season (Chapter 2).  It is noteworthy that many of these impoundments occurred in close proximity to each other, many connected by culverts (e.g., T-10-D and F).  Proximity to each other may have contributed to concordant use patterns.

Merritt Island’s shorebird community compared well with other areas of Florida (Sprandel et al. 1997).  Dunlins are common on all coastal areas of Florida, but lowest concentrations were recorded along the northeast coast, with the exception of MINWR.  Differences in abundance between the Atlantic and Gulf Coasts of Florida are likely due to migratory paths and the greater abundance of shorebird habitat on the southern Gulf Coast of Florida (Sprandel et al. 1997).  Mean counts of between 500 and 1,000 Dunlins were recorded at MINWR sites during winter surveys (Sprandel et al. 1997).  However, my counts put these numbers at 3,420, underscoring the importance of the Refuge for the species.  On the basis of my counts, Dunlins at MINWR represented 5.3% (�EMBED Equation.3���= 4,290) rather than 1.1% (�EMBED Equation.3���= 873) (based on Sprandel et al. 1997) of the estimated Atlantic Flyway population based on ISS data (see Sprandel et al. 1997 for ISS estimate).

	Other locales in the Southern Atlantic Coast harboring over-wintering Dunlins include the Cape Romain-Santee Delta region of South Carolina.  The area serves as an important staging area due to its large expanses of salt marsh (Marsh and Wilkinson 1991).  Dunlins, peeps, Least Sandpipers, and Dowitchers are commonly reported at Cape Romain National Wildlife Refuge and the Tom Yawkey Wildlife Center, a managed salt marsh in South Carolina (Marsh and Wilkinson 1991; Weber and Haig 1997b).  During spring migration, Cape Romain NWR and the Yawkey Center may support as much as 14% and 10%, respectively, of the estimated North American Short-billed Dowitcher migratory population (Marsh and Wilkinson 1991).  Further up the coast, North Carolina’s Outer Banks hosts 2-3% of the estimated North American Red Knot population during the spring (Dinsmore et al. 1998).

Other species recorded during the study bolster the value of the Refuge to migratory shorebirds.  For example, MINWR supported a relatively large over-wintering peep population in 1999 (�EMBED Equation.3��� = 1,083 between January 14 and 25), but not in 1998.  As with Dunlins, access to foraging grounds may have contributed to annual differences.  Differences in spring migration were more noticeable in timing than in magnitude (i.e., numbers).  Peak spring migration for peeps was 3 weeks earlier in 1999 compared to 1998.  Least Sandpiper migration lasted over a month in 1998, but was rapid in 1999, occurring over just a two-week time span.  Least Sandpipers were more abundant than peeps during spring migration, and less abundant than peeps during the winter, for both years.  Thus, MINWR appears to be an important over-wintering and migration staging area for both peeps and LESAs, despite the inconsistencies in their schedule of use.  As such, management regimes should account for these late migrants by keeping shallow water on some impoundments beyond April, when small Calidrids arrive and when impoundments tend to dry up.

The abundance of Short-billed Dowitchers and Black-bellied Plovers on MINWR indicates the importance of this area for these two declining species (Howe et al. 1989).  Short-billed Dowitchers, which favor brackish water, likely use Merritt Island salt marshes as an over-wintering site and migration staging area.  A moderately sized population of Red Knots (>1,400) was counted on MINWR in 1999.  Red Knots are not common on the Atlantic Coast of Florida with the possible exception of a poorly known subspecies (Harrington et al. 1988).  It is suspected that this subspecies over-winters on the Gulf Coast of Florida, which may explain the presence of the knots on the Refuge in winter.

While data on road counts augmented our understanding about shorebird migratory chronology and distribution in Merritt Island, and underscored the numeric value of the Refuge to Dunlins and other species, it was not suitable to generate an estimate of shorebird use throughout a given season.  This is because road counts do not incorporate turnover rates.  I believe that an estimate incorporating turnover rates provides a better basis to assess the numeric importance of the Refuge and more appropriately estimate habitat requirements for shorebirds (sensu Loesch et al. 1995).

In 1998, I estimated that 14,311 shorebirds used Merritt Island from February to early May.  In 1999, the estimated number of shorebirds using the Refuge between January and March was 22,367.  These estimates used population estimates based on JOLLY.  I also reported estimates for the same periods using road counts as population estimates.  These estimates suggest that 11,138 shorebirds used the Refuge in 1998 and 12,983 in 1999.  Road counts and JOLLY estimates were higher in 1999 than in 1998.  In this sense, estimates are consistent in direction between years.  Differences between years might be explained by annual differences in breeding success and survival (i.e., continental population level).  It is also possible that local conditions at the Refuge exerted an influence.  Although I did not find evidence to suggest that prey levels differed between years, rainfall was substantially higher in 1998 than in 1999 (El Niρo year) (Figures 11 and 12).  Therefore, access to foraging areas probably was more restricted in 1998 than in 1999, influencing the numbers of shorebirds.  

JOLLY estimates were consistently higher than road counts.  A possibility explaining this trend is that they reflected the population size of Merritt Island NWR.  Road counts were limited to 17 impoundments.  Road counts were limited by incomplete coverage of impoundments due to road access limitations may have also contributed to low counts.  This problem could have been compounded by the possibility that roosting Dunlins hid behind mangroves, which dominate some impoundments (Marsh and Wilkinson 1997).  Movement of birds by repeated attacks by Merlins (Falco columbarius) and Peregrine Falcons (Falco peregrinus) or vehicles had to be monitored closely (e.g., via radio communication).  These factors also forced some flocks to move to areas of impoundments not accessible to us or of poor visibility (e.g., obstructed by vegetation. ).  JOLLY estimates are a more “robust” to these limitations because they rely more on the accuracy of unmarked to marked ratios than on counting every possible marked bird on every occasion (Pollock et al. 1990).

My concern with JOLLY estimates is that I cannot discern from my data if the magnitude of the difference between road counts and JOLLY estimates is accurate.  It is possible that estimates were biased high, particularly in 1999.  On some occasions, I had problems detecting bands on birds standing in deep water.  Despite the fact that observers only counted birds whose legs were visible, it is possible that bands went undetected due to sun glare reflecting off the surface of the water that concealed bands.  Also, detectability of marks was likely lower for large flocks.  In both cases, the flawed ratio of unmarked to marked birds would inflate population estimates.  Future studies should assess factors such as distance between the observer and the flock, size of the flock, depth of water that the birds are in, and light conditions (e.g., sun glare) to determine to what extent they influence JOLLY estimates.  

Notwithstanding concerns about the magnitude of JOLLY estimates, turnover rates (1-residency rates) indicated that individuals departed regularly from the Refuge in 1998 and 1999.  Departures were particularly noteworthy in 1999.  Despite the presumed gains in access that year, birds “departed ” the Refuge in higher numbers than in 1998.  Higher departure rates may have simply been a function of higher number of birds, an assertion confirmed by either road counts or JOLLY estimates.  Movements during winter may be part of the “push” by birds to reach western Florida, where most of the Dunlins over-winter (Sprandel et al. 1997).  Shorebirds over-winter in greatest abundance (>1,000 birds) on Florida’s Gulf Coast, particularly along the Southwest Coast (Tampa area).

The estimated mean length of stay provided valuable insights on the functional importance of Merritt Island.  My findings suggest that Dunlins remain 24 to 40 days, depending on the time of the year.  Comparable data are scant, making these findings the first of their kind for the South Atlantic.  Available information for fall migration in Sweden suggested that MLS was less than 2 days, with a maximum of 9 days (Holmgren et al. 1993).  MLS in Morocco, 11 days in 1982 and 16 days in 1981, were closer to those estimated at MINWR (Piersma 1987).  Among other Calidrids, MLS estimates are short, regardless of season.  For Western Sandpipers at a Pacific stopover, MLS was <3 days (Warnock and Bishop 1998).  For Semipalmated Sandpipers using impoundments in South Carolina during spring migration, MLS was generally 4 or 5 days over the two-year study (Lyons and Haig 1995).

	Clearly, MLS suggests that Dunlins are not moving fast through Merritt Island.  These data, coupled with data on migration chronology (this work and Sprandel et al. 1997), suggest that Merritt Island serves as an over-wintering site.  Because turnover rates continued to be recorded throughout the period spanning spring migration, I can also infer that transients use Merritt Island.  This information may help explain the two major seasonal fluctuations in numbers.  Numbers in January may reflect arrivals--those moving on to western Florida or between adjacent sites, and those electing to stay.  The peak in March may also reflect arrivals, perhaps from other sites in Florida or throughout their winter range, followed by spring departure (Myers 1983).

Prior research has suggested several factors that may influence length of stay of shorebirds at stopover sites.  These include body condition (Lyons and Haig 1995), wind patterns (Holmgren et al. 1993; Butler et al. 1997), arrival date (Lyons and Haig 1995), prey depletion (Schneider and Harrington 1981), and sex (Lyons and Haig 1995; Warnock and Bishop 1998).  Of these factors I believe access and prey levels influence MLS during winter.  I believe this to be the case because at wintering sites the overriding energetic need will probably be directed at maintenance, which is lower than energetic demands imposed by imminent or ongoing migration movements (e.g., Alerstam and Lindstrom 1990; Loesch et al. 1995).  At Merritt Island, meeting these requirements is a challenge because prey levels are at their lowest (Chapter 2).  Therefore, availability of suitable foraging grounds (e.g., access) is essential to foster the presence of shorebirds for extended periods of time.  In 1999, for example, my data suggested that shorebirds required higher acreage than available to meet energetic requirements regardless of the population estimate used for habitat need estimation (i.e., road count or JOLLY estimate).  This may have contributed to movement of birds out of the Refuge.  I believe winter temperatures and invertebrate life cycles, rather than prey depletion, are responsible for the sparse prey recorded early in the season.  Invertebrates may not have been able to colonize impoundments during the winter when management isolated impoundments from the Indian River Lagoon at that time (e.g., closed culverts).  Prey density increases as the season progresses and connection to the Lagoon is restored (e.g., open culverts), lending support to my contention.

During spring, arrival date and body condition are important determinants of MLS.  At this point in the season, overriding selective pressures stem from the need to build up fat reserves quickly and arrive at breeding grounds in good conditions and on time (Alerstam and Lindstrom 1990; Gudmundsson et al. 1991).  My work suggests that prey were at their highest levels in the spring.  Although it is difficult to judge whether levels are sufficient to promote return by shorebirds (sensu Pfister et al. 1998), the value of Merritt Island is underscored by the fact that it is used annually by a substantial number of wintering and migrating Dunlins.

Recently, shorebird biologists have attempted to differentiate between types and importance of areas used by migrating shorebirds based on the value of the site and how extensively it is used by shorebirds (Skagen and Knopf 1994).  Specifically, the goal is to distinguish between “staging areas” and “stopover sites”.  A “stopover site” receives low shorebird use due to short MLS and poor site fidelity.  Stopover sites are characterized as unpredictable (e.g. ephemeral wetlands).  In contrast, “staging areas” receive greater use reflected by the birds’ longer lengths of stay.  Birds have a greater tendency to return and their migratory behaviors include prompt departures at threshold dates.  Although I was not able to evaluate all parameters, long-term data (e.g., ISS, Sprandel et al. 1997) and my findings on seasonal numbers and MLS suggest that MINWR should be considered a staging area.

	Information on the wintering and migration ecology of Dunlins is scant, particularly for the South Atlantic.  My findings helped established the numeric and functional importance of Merritt Island National Wildlife for the species.  The Refuge is perhaps the most important site for Dunlins in eastern Florida, serves as a wintering site, and likely as a staging area as well.  As such, a concerted effort should be made to accommodate their habitat requirements into future habitat management schemes.  To facilitate this process, managers should consider selecting clusters of impoundments that harbored consistently high numbers of shorebirds (e.g., T-10-I), or those whose management for shorebirds would not jeopardize waterfowl needs (e.g., T-10-F and H, Chapter 2).  Special attention must be given to water level management, not only in terms of providing an appropriate depth range (i.e., access), but to ensure that water is present in selected impoundments when “late” migrants arrive in North America from their Central and South American wintering sites (e.g., sandpipers, Morrison 1984).  Species that conform to this management scenario are Western Sandpipers and Least Sandpipers.  Actually, managing for Dunlins and Western Sandpipers would provide favorable conditions for most species during winter and spring.  Therefore, species exhibiting population declines, such as Short-billed Dowitchers and Black-bellied Plovers (Howe et al. 1989), would also benefit.





















































Table 2.  Seasonal shorebird numbers counted at 17 impoundments at Merritt Island National Wildlife Refuge in winter and spring 1998 and 1999.  Eight species had peak numbers in January and February.  Shorebirds numbers were higher in winter from combined years’ data.



 � � �     Seasonal Numbers1� �     Total Numbers2�Month of�� Species���Winter�Spring��Winter3�Spring�Peak Count4�� � � � � � � � � �� All species��4,402 ± 628�4,305 ± 453��18,219�11,066�Jan (11,288)�� American Avocet��39 ± 7�6 ± 3��174�14�Jan (130)�� Black-bellied Plover��89 ± 12�154 ± 12��375�428�Mar (324)�� Black-necked Stilt��0 ± 0�23 ± 4��0�79�Apr (79)�� Common Snipe��0.04 ± 0.04�0.2 ± 0.1��0.1�0.4�Mar (5)�� Dowitcher spp.��321 ± 43�293 ± 56��1,311�674�Mar (1,095)�� Dunlin���2,662 ± 412�2,003 ± 322��10,782�4,666�Mar (8,254)�� Greater Yellowlegs��42 ± 6�65 ±10��171�166�Apr (270)�� Killdeer���8 ± 1�5 ± 0.9��33�12�Jan (35)�� Least Sandpiper��218 ± 49�894 ± 163��912�2,296�Apr (2,779)�� Lesser Yellowlegs��58 ± 10 �130 ± 24��246�315�Mar (525)�� Marbled Godwit��16 ± 3�3 ± 1��64�7�Feb (56)�� Peep���533 ± 94�452 ± 128��2,297�1,579�May (3,514)�� Pectoral Sandpiper��0 ± 0�0.4 ± 0.4��0�0.8�Mar (11)�� Red Knot���309 ± 83 �21 ± 8��1,401�47�Jan (1,487)�� Ruddy Turnstone��3 ± 0.9�20 ± 5��12�64�Apr (132)�� Sanderling��11 ± 4�18 ± 4��53�43�Jan (112)�� Semipalmated Plover��36 ± 6�173 ± 36��151�549�Apr (922)�� Spotted Sandpiper��0.4 ± 0.2�0.1 ± 0.09��1�0.8�Feb (5)�� Stilt Sandpiper��0.6 ± 0.6�63 ± 23��1�152�Mar (618)�� Whimbrel���0.1 ±  0.1�0.2 ± 0.17��0.3�0.8�Apr (5)�� Willet���85 ± 10�34 ± 4��357�88�Jan (207)�� Wilson's Plover� �0 ± 0�0.1 ± 0.07� �0�0.2�Mar (2)�� ����������1 Seasons are defined as Winter (Nov-Dec 1998, Jan 99, and Feb 98 and 99) and Spring (March through May,   

   98 & 99)��  Seasonal numbers are means of the monthly counts within each season, ± SE.����2 The sums of the monthly means over the season������3 n=26 surveys for the Winter season, 1998 & 1999. n=30 surveys for the Spring season, 1998 & 1999.��4 Largest number of birds counted during one census������



















�Table 3.  Percent composition of 10 most common shorebird species on Merritt Island National Wildlife Refuge in winter and spring of 1998 and 1999.



                                    Percent Composition� �� Rank�1998�1999� � ��  1�Dunlin (43.8)�Dunlin (55.8)� ��  2�Least Sandpiper (22.3)�Peeps (10.9)� ��  3�Peeps (11.7)�Least Sandpiper (9.8)� ��  4�Dowitcher spp. (6.4)�Dowitcher spp. (7.1)� ��  5�Semipalmated Plover (3.5)�Red Knot (4.7)� ��  6�Lesser Yellowlegs (3.1)�Black-bellied Plover (3.0)��  7�Black-bellied Plover (2.3)�Semipalmated Plover (2.1)��  8�Greater Yellowlegs (1.2)�Lesser Yellowlegs (1.8)� ��  9�Stilt Sandpiper (1.1)�Willet (1.4)�� �� 10�Willet (1.1)�Greater Yellowlegs (1.2)��



Table 6.  Residence or daily survival probabilities (�EMBED Equation.3���) of Dunlins at Merritt Island National Wildlife Refuge in winter and spring 1998.  Mean residence probabilities (�EMBED Equation.3���) and length of stay are shown for winter and spring.



 

  Resighting    

   Interval�Interval

�EMBED Equation.3��� (±SE)��Daily

�EMBED Equation.3��� (±SE)��

Mean Length  

    of Stay�� Feb 12-Feb 18 ������� Feb 19-Feb 25�1.0000 ± 0.4480�1.0000 ± 0.0601�ne�� Feb26-Mar 4�0.6222 ± 0.2556�0.9345 ± 0.0548� 14�� Mar 5-Mar 11�0.9454 ± 0.7365�0.9920 ± 0.1104�124�� Mar 12-Mar 18�0.6275 ± 0.5164�0.9356 ± 0.1100� 15�� Mar 19-Mar 25�0.8047 ± 0.2083�0.9694 ± 0.0358� 23�� Mar 26-Apr 1�0.6010 ± 0.2317�0.9298 ± 0.0512� 13��

 Winter Mean

 (Feb 19-April 1)



 Apr 2-Apr 8�







0.9696 ± 0.3960�



0.9620



0.9956 ± 0.0581�

    

25 days



226�� Apr 9-Apr 15�0.8424 ± 0.1852�0.9758 ± 0.0306� 40�� Apr 16-Apr 22�0.7904 ± 0.1224�0.9670 ± 0.0214� 29�� Apr 23-Apr 29�0.6461 ± 0.1600�0.9395 ± 0.0332� 16�� Apr 30-May 6�1.0000 ± 1.0880�1.0000 ± 0.1986� ne�� May 7-May 13�0.2147 ± 0.2117�0.8027 ± 0.1130�  4�� May 14 -May19�����  �� Spring Mean

(April 2-May 13)���

0.9599��

24 days���������Overall Mean �0.8201 ± �0.0871�0.9609±�0.0087�25 days�������20 = x = 32 days���

Table 7.  Residence or daily survival probabilities (�EMBED Equation.3���) of Dunlins at Merritt Island National Wildlife Refuge in winter 1999.  Mean residence probabilities (�EMBED Equation.3���) and length of stay are shown for winter.



 

 Resighting

 Interval� �Interval�EMBED Equation.3��� (±SE)� �Daily 

�EMBED Equation.3��� (±SE)� �

Mean Length

of Stay (days)�� Jan 14-Jan 23������� Jan 24-Feb 2�0.4951 ± 0.1486�0.9321 ± 0.0280�14�� Feb 3-Feb 12�1.0000 ± 0.6528�1.0000 ± 0.0492�ne�� Feb 13-Feb 22�0.5603 ± 0.2691�0.9437 ± 0.0453�17�� Feb 23-Mar 4�0.7085 ± 0.1364�0.9661 ± 0.0186�29�� Mar 5-Mar 14�1.0000 ± 0.4822�1.0000 ± 0.0362�ne�� Mar 15-Mar 24�0.5867 ± 0.2435�0.9481 ± 0.0394�18�� Mar 25-Apr 3������� �������� Winter Mean�0.8489 ± 0.0837�0.9757 ± 0.0055�40 days�� � � � � � �33 = x = 52 days��





�Table 8.  Road counts and population estimates (�EMBED Equation.3���) obtained from mark-resight data for 12 of 14 resighting periods at Merritt Island National Wildlife Refuge in 1998.  



 

Resighting

 Interval 1998�

Road

Count�

  �EMBED Equation.3����    95% CI of �EMBED Equation.3���

Lower      Upper�� Feb 19-Feb 25�3,746�6,592�1,129�   12,055�� Feb26-Mar 4�3,908�7,060�3,600�   10,519�� Mar 5-Mar 11�2,631�2,600�      0�     6,504�� Mar 12-Mar 18�4,265�1,911�   891�     2,931�� Mar 19-Mar 25�2,948�4,559�3,388�     6,565�� Mar 26-Apr 1�1,875�6,137�2,011�   10,264�� Apr 2-Apr 8�  712�3,530�2,600�     5,052�� Apr 9-Apr 15�1,146�1,451�1,070�     1,833�� Apr 16-Apr 22�1,016�1,013�   736�     1,290�� Apr 23-Apr 29�  796�1,305�   814�     1,797�� Apr 30-May 6�  401�2,033�      0�     4,483�� May 7-May 13�  288�   959�      0�     2,382��

�Table 9.  Road counts and population estimates (�EMBED Equation.3���) obtained from mark-resight data for 6 of 8 resighting periods at Merritt Island National Wildlife Refuge in 1999.  



 

Resighting

 Interval 1999�

Road

Count� 

95% CI of Road Ct.

Lower       Upper�� 

   �EMBED Equation.3����   95% CI of �EMBED Equation.3���

Lower      Upper� �� 

 Jan 24-Feb 2�

6,905� 

 5,294       8,515   ��  

  8,598�  

  4,133�    

    13,068� �� Feb 3-Feb 12�2,467� 2,031       2,902��  6,488�  1,283�    11,693� �� Feb 13-Feb 22�3,274� 2,199       4,348��  8,078�  4,740�    11,414� �� Feb 23-Mar 4�5,200� 2,060       8,339��17,128�11,617�    22,638� �� Mar 5-Mar 14�3,846� 2,509       5,182��11,051�  4,156�    17,945� �� Mar 15-Mar 24�2,582� 1,450       3,713��  9,697�  4,959�    14,436� ��

�



Table 10. Number of Dunlins that departed [(1- �EMBED Equation.3���) (�EMBED Equation.3���)] MINWR in 1998 based on population sizes derived from both road counts and mark-resight surveys. 



 

 

Resighting

 Interval 1998�

    

Road

   Count�� 

  # Dunlins

  Departing

(N=Road Ct.)*� 



        �EMBED Equation.3���   �  # Dunlins

  Departing  (�EMBED Equation.3���=JOLLY)**��� Feb 19-Feb 25�3,746��                  0�6,592�      0��� Feb26-Mar 4�3,908��1,476�7,060�2,667��� Mar 5-Mar 11�2,631��143�2,600�  142��� Mar 12-Mar 18�4,265��1,588�1,911�  712��� Mar 19-Mar 25�2,948��575�4,559�  890��� Mar 26-Apr 1�1,875��748�6,137�        2,449��� Apr 2-Apr 8�712��21�3,530�   107��� Apr 9-Apr 15�1,146��180�1,451�   229��� Apr 16-Apr 22�1,016��212�1,013�           212��� Apr 23-Apr 29�796��281�1,305�  462��� Apr 30-May 6�401��0�2,033�     0��� May 7-May 13�288��226�959�   753��� �������� Total Departures���5,450��8,623����������� ***Estimated Site Use

  (5,688 + Departures)���11,138��14,311

��� � ��� ����

* Departures = (1-�EMBED Equation.3���)(N) using N from road counts

** Departures = (1-�EMBED Equation.3���)( �EMBED Equation.3���) using �EMBED Equation.3���calculated by JOLLY

***Estimated Site Use calculated using highest count prior to the start of the resight 

      surveys (5,688 on February 11, 1998).  �

Table 11. Number of Dunlins that departed [(1- �EMBED Equation.3���) (�EMBED Equation.3���)] MINWR in 1999 based on population sizes derived from both road counts and mark-resight surveys. 





 

 Resighting

 Interval 1999�

Road Count�  # Dunlins 

  Departing 

(N= Road Ct.)**�



     �EMBED Equation.3����   # Dunlins

  Departing

  (�EMBED Equation.3���=JOLLY)*�� Jan 24-Feb 2�6,905�    3,846�  8,598�       4,341�� Feb 3-Feb 12�2,467�           0�  6,488�              0�� Feb 13-Feb 22�3,274�    1,439�  8,078�       3,551�� Feb 23-Mar 4�5,200�    1,515�17,128�       4,992�� Mar 5-Mar 14�3,846�           0�11,051�              0�� Mar 15-Mar 24�2,582�     1,067�  9,697�       4,007�� ������ Total Departures��     7,507��     16,891�������� ***Estimated Site Use

  (5,476 + departures)��   12,983��     22,367�� � � �� ��

* Departures = (1-�EMBED Equation.3���)(N) using N from road counts

** Departures = (1-�EMBED Equation.3���)( �EMBED Equation.3���) using �EMBED Equation.3��� calculated by JOLLY

***Estimated Site Use calculated using highest count prior to the start of the resight 

      surveys (5,476 on January 18, 1999).  



Figure 5.  Migration chronology of Dunlins in 1998 at Merritt Island National Wildlife Refuge.
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Figure 6.  Migration chronology of Dunlins in 1998-99 at Merritt Island National Wildlife Refuge showing peak counts in January and March.
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�Figure 9.  Mean number of Least Sandpipers and peeps per month at Merritt Island National Wildlife Refuge in 1998.  The numbers of surveys per month were as follows: February (4), March (5), April (4), May (3).
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Figure 10.  Mean number of Least Sandpipers and peeps per month at Merritt Island National Wildlife Refuge in 1998-99.  The numbers of surveys per month were as follows: November (6), December (5), January (5), February (6), March (9), April (7), May (2).
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