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I'm writing you today in regards to the upcoming Mid-Atlantic FMC SSC meeting. I'm a PhD
seabird ecologist with the National Audubon Society and Oregon State University, with
expertise in seabird trophic ecology and fisheries interactions.
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Fisheries EFP Application to harvest thread herring. We have significant concerns about this
EFP application process to date, and opening up a fishery without adequate preparation -
i.e. without robust information on the population dynamics and ecosystem role of a
previously untargeted forage fish. 

In a quick literature search one can easily find data demonstrating that thread herring are a
common seabird prey item throughout its range. The papers cited below show that
multiple seabird species (Royal Terns, Laughing Gulls, Black Skimmers, Double-crested
Cormorants and also Osprey) incorporate thread herring into their diets across a large
portion of the Atlantic Coast (these citations range from New York to Florida). And
although this portion of the Atlantic Coast does not have the extensive seabird diet
datasets that exist elsewhere (e.g., for the Gulf of Maine), I imagine there are additional
data out there to expand upon these studies if one were to look. 
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ABSTRACT 


 The contents of pellets and boli collected from the New York Harbor population 


of Double-crested cormorants, Phalacrocorax auritus, were analyzed for species 


composition to investigate possible biases associated with use of cormorant pellets for 


diet studies.  During the breeding and chick-rearing seasons, boli and pellet samples were 


collected from three island colonies, Hoffman, Swinburne and South Brother.  


Comparison between the two largest colonies, Swinburne and South Brother, generated a 


Schoener Index value of 0.337, indicating a medium level of dietary overlap .   The most 


common species found in the boli were black seabass, Centropristis striata (14.4%), and 


scup, Stenotomus chrysops, (12.9%).  Neither of  two local species with conservation 


concerns (striped bass, Morone saxatilis, and winter flounder Pseudopleuronectes 


americanus) made up a significant portion of the diet.  The samples were also analyzed to 


examine a possible bias in pellet production associated with the spininess of prey species.  


Ninety-five percent of species found in pellets were spiny compared to 63% in the boli.  


This and other evidence suggest that spininess of prey species is a factor affecting their 


representation in pellets.  Other morphological factors such as prey size and otolith 


morphology were shown to be unlikely to account for the observed differences in species 


makeup; however, boniness is one morphological factor which could not be eliminated.  


Even so, the evidence for the effect of prey spininess on pellet composition remains 


strong.  Future research including is recommended to further investigate the issue. 
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INTRODUCTION 


The Double-crested Cormorant, Phalacrocorax auritus, is a large, colonial 


waterbird that catches its prey through foot-pedaled pursuit diving (Carss 1997).  Most of 


their hunting is restricted to shallow waters less than 8 m deep and within 30 km of their 


roosts (Hatch and Weseloh 1999). This research was conducted on the Double-crested 


Cormorant population of New York Harbor, which has been growing and breeding since 


its appearance in 1984 (Parsons 1987).  Their numbers have flourished locally during the 


last three decades with the 2008 breeding population consisting of over 1300 pairs spread 


out among seven colonies (S. Elbin, NYC Audubon, personal communication). The 


subspecies found in New York Harbor area is Phalacrocorax auritus auritus (Hatch and 


Weseloh 1999).      


Cormorants primarily eat schooling and bottom-dwelling fish, and invertebrates 


(Hatch and Weseloh 1999), a diet which often leads to conflict with humans, particularly 


commercial and recreational fishermen.  The only way to determine whether a local 


population is exploiting the same resources as humans is through studies of their diet.  


Diet studies on cormorants have been numerous, with results varying by area and 


approach.  While some studies have found that the local cormorant population depleted 


fish populations sufficiently to warrant cormorant population control (Collis et al. 2002; 


Johnson et al. 2005; Rudstam et al. 2004), research in other locations found that the 


proposed threat posed by the local colony was exaggerated (Glahn et al. 1998; Somers et 


al. 2003; Withers and Brooks 2004).  


There are three primary methods used to assess the diet of cormorants – direct 


stomach content analysis, identification of bolus contents, and identification of pellet 
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contents.  Stomach content analysis involves dissection of the gizzard and esophagus of 


dead birds (Derby and Lovvorn 1997).  Bolus and pellet analyses both rely on studying 


regurgitated material.  A bolus is a partially digested food item, usually regurgitated by 


young cormorants in response to disturbance, such as a perceived predator near their nest.  


Pellets are gelatinous sacs containing otoliths and other bones that can be used to identify 


the species of fish eaten.  Otoliths – small, white structures found in the heads of all 


fishes other than sharks , rays and lampreys -- are used for hearing and balance, and are 


highly species-specific in morphology, making them useful to researchers for species 


identifications (Campana 2004).  The most commonly used method is the dissection of 


pellets, which are popular for diet analysis because they greatly increase the number of 


food items identified, compared to boli, which often represent one food item in each 


bolus (Derby and Lovvorn 1997).    


Sources of error associated with the use of pellets are well known.  They can be 


damaged in the digestive processes, rendering them unidentifiable; smaller otoliths are 


especially susceptible to this which could cause some species to be underrepresented 


(Carss 1997).  Damage from digestion can also lead to errors in estimating fish size 


(Carss 1997; Johnson et al. 2001).  Secondary consumption, in which otoliths from the 


latest meals eaten by the cormorants’ prey show up in the pellets, has also been shown to 


be problematic (Carss 1997).  Despite these findings, little research has been performed 


on the process of pellet production and its effects on diet analysis.  One such study found 


that European shags, Phalacrocorax aristotelis, a closely related species, produced 


pellets over the course of 1 to 7 days, with an average of 3.5 days (Russell et al. 1995), 
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but many researchers still go by the older assumption of one pellet being produced per 


day (Derby and Lovvorn 1997; Johnson et al. 2001). 


The hypothesis was tested that fish species with difficult-to-digest spiny fins (and 


other bony protrusions and large hard parts, such as the head plates of searobins, 


Prionotus spp.) would show up in pellets in higher proportions than those species with 


soft-rayed fins, relative to their proportions in the bolus samples.  A possible cause of this 


hypothetical bias could be a protective response to the sharp nature of the spines 


themselves, prompting the birds’ digestive tracts to encase the spines and other hard parts 


in pellets and eject them sooner than might otherwise occur.  The specific goals of our 


research were to assess the dietary composition of the New York Harbor Double-crested 


Cormorant population, and to examine a possible artifact affecting the accuracy of pellets 


in such work.  The first aspect of the study was an analysis of the local population's diet 


through the study of boli and pellets.  Major questions were: (1) which species of fish the 


cormorants eat, and (2) in what proportions they eat these species. Also of concern was 


identifying to what extent, if any, they preyed on local species valuable to humans – 


striped bass, Morone saxatilis and winter flounder, Pseudopleuronectes americanus.  The 


second aspect of the research was an investigation into the role of prey morphology on 


pellet production.   


 


METHODS 


Samples consisting of boli and pellets were collected between May and July 2008.  


Three islands were visited: Hoffman and Swinburne, located off the east coast of Staten 


Island, and South Brother, located in the East River between Queens and the Bronx 
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(Figure 1).  Hoffman and Swinburne are man-made islands located in Lower New York 


Bay  between Staten Island Brooklyn; both were completed in the early 1870’s (Figure 


1).  Hoffman’s four hectares are now devoid of the buildings that once stood on it, instead 


the island is covered in vegetation comprising 34 identified species (Seitz and Miller 


1996, Bernick 2007).  Cormorants were first recorded nesting on the island in 2002; 


today the colony is primarily located on the southern end of the island in a stand of black 


locust trees, Robinia pseudo-accacia (Bernick 2007).   Construction of Swinburne Island 


was completed in 1870.  There are still three buildings standing on the island, one 


without a roof, and the foundations of other buildings are also present.  The cormorants 


have probably been nesting on the island since the early 1990’s (Kerlinger 1998).  Nests 


are found on the buildings as well as a group of black locusts and several other trees 


(Bernick 2007).  South Brother Island is a naturally occurring 5 ha island located in the 


East River between the Bronx and Queens (Figure 1) (Seitz and Miller 1996, Parsons 


1987).  Covered in a dense canopy of trees, the islands flora are diverse with 27 species 


recorded in a survey conducted in 2007 (Bernick 2007).  There is a large wading bird 


colony on the island, nesting, for the most part separate from the cormorant colony.  The 


cormorants primarily inhabit the central portion of the island, nesting in a stand of black 


locust (Bernick 2007).  Boat troubles throughout the season limited our access to the 


islands, particularly South Brother, which was only sampled twice.  Swinburne was 


visited five times, and Hoffman was visited once. 


The collected boli and pellets were stored in freezers for further analysis.  Boli 


were weighed, measured and identified to the lowest taxonomic level possible.  Pellets 


were dissolved in a solution of detergent and water before being dissected and examined 
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for otoliths and other parts, which could be used to identify food items.  When multiple 


otoliths from a species were found, the total number was divided in half to get the 


estimated number of fish present.  Otoliths which showed a high degree of wear or which 


could not be identified with a high degree of confidence were listed as unknowns and 


excluded from further analyses. 


 


Figure 1: Map of New York Harbor area, Hoffman, South Brother and Swinburne 


colonies indicated. 
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 The composition of species between the two main colonies surveyed – Swinburne 


and South Brother – was examined using the Schoener index.  This index can be used to 


quantify the dietary overlap of two species, and to compare the diets of neighboring 


communities of the same species (Schoener 1968).   The diet of the South Brother colony 


was compared with the combined diets of the Swinburne and Hoffman colonies.  The two 


samples collected from Hoffman were combined with those from Swinburne due to their 


low number (n=2) (Table 1), and the islands’ close proximity of 1.1 km (Figure 1).   


 


The Schoener Index is: 


 


 PSIxy =1 – 0.5 (Σ|Pxi-Pyi|) 


 


where Pxi is the proportion of species i in the diet of population x and  


Pyi is the proportion of species I in the diet of population y.   


 


Values can range from 0, indicating no overlap, to 1 indicating complete overlap. 


 


The Shannon-Weaver Index was used to estimate the diet diversity as well as to 


quantify the difference in the diversity of food items as identified in boli and pellets.  The 


formula is:  


 


H'=-Σ Pi(log Pi),  
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where Pi is the proportion of items of species i in the sample (Cortes et al. 2002).   


Diet diversity increases as the index increases. 


 Due to the similarities among the otoliths of the three herring species identified, 


the counts for those species were combined to avoid errors caused by misidentifications.  


It was likewise useful to group other closely related species together for the analysis.  


Due to decomposition of the boli due to digestion, several searobins could not be 


identified beyond the level of their genus, Prionotus; however, the morphologies of the 


two occurring species are similar enough that, for this analysis, identification down to the 


species level was deemed unnecessary.  The same was also true of the hakes, genus 


Urophycis, and sculpins, genus Myoxocephalus.  Cunner (Tautogolabrus adspersus), and 


tautog (Tautoga onitis), though not congeneric, were too similar in appearance to be 


identified down to species and were combined as the family Labridae.    The final such 


grouping was for eel specimens that could not be identified as either American eels, 


Anguilla rostrata, or conger eels, Conger oceanatus; these species, though not 


congeneric, are nearly identical in morphology.    


  


 


RESULTS 


Over the field season, a total of 434 boli and 88 pellets were collected.  Four of 


these were combinations of boli and pellets, each containing one bolus along with the 


normal pellet contents, and were removed from the comparison analysis. Of the boli, 402 


were identified and included in the analysis.  There were 32 species of fish and two 


species of crustacean identified in the boli (Table 1).  In the pellets, all 88 samples were 
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analyzed, with 249 food items were identified, comprising 17 fish and three crustacean 


species (Table 1).  Species found included those associated with marine, freshwater, and 


estuarine environments. The most common species were black seabass (Cetropristis 


striata), which made up 14.4% of the items identified in the boli and scup (Stenotomus 


chrysops), which made up 12.9%.   


 


Table 1: Species found in samples, numbers in parentheses indicate species 


identified in pellets, numbers outside parentheses indicate species identified in boli. 


Species                       Number 


Fish 
South 
Brother Swinburne Hoffman 


american eel, Anguilla rostrata 1 3 - 
atlantic thread herring, Opisthonema oglinum - 9 - 
bay anchovy, Anchoa mitchilli 12 - - 
black seabass, Centropristis striata 2 55 (71) - 
blueback herring, Alosa aestivalis - 1 - 
bluefish, Pomatomus saltatrix - 1 - 
bluegill, Lepomis macrochirus 1 3 (2) - 
brown bullhead, Amerius nebulosus 1 - - 
conger eel, Conger oceanitus - 5 - 
cunner, Tautogolabrus adspersus 7 (6) 10 (20) - 
goldfish, Carassius auratus 1 - - 
grubby sculpin, Myoxocephalus aenaeus 1 15 (3) - 
gulf stream flounder, Citharichthys arctifrons - 2 - 
hogchoker, Trinectes maculatus 3 - - 
lined seahorse, Hippocampus erectus - 1 - 
menhaden, Brevoortia tyrannus 2 20 (2) - 
mummichog, Fundlus heteroclitus  22 24 - 
northern pipefish, Syngnathus fuscus 4 - - 
northern searobin, Prionotus carolinus - 16 (28) - 
oyster toadfish, Opsanus tau 3 12 (1) - 
pumpkinseed, Lepomis gibbosus 18 (10) - - 
red hake, Urophycis chuss - 1 - 
rock gunnel, Pholis faciata - 2 - 
silverside, Menidia sp. 1 0 - 
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Table 1 (continued): 


Species                       Number 


Fish 
South 
Brother Swinburne Hoffman 


spotted hake, Urophycis regis 3 4 - 
striped searobin, Prionotus evolans - 17 (24) 1 
summer flounder, Paralichthus dentatus - 2 - 
tautog, Tautoga onitis - 9 (4) - 
weakfish, Cynoscion regalis 0 (2) - 1 
white perch, Morone americana 20 (17) 3 (1) - 
winter flounder, Pseudopleuronectes americanus - 7 - 
yellow perch, Perca flavescens - 1 - 
unidentified Anguillaformes - 2 - 
unidentified Clupeid sp. - 1 (8) - 
unidentified Labridae sp. 1 4 - 
unidentified Myoxocephalus sp. - 2 - 
unidentified Prionotus sp. - 6 (4) - 
unidentified Urophicys sp. - 5 - 
Crustaceans       
blue crab, Callinectes sapidus - 0 (2) - 
lady crab, Ovalipes ocellatus 0 (1) 0 (1) - 
sand shrimp, Crangon septemspinosa 2 0 (2) - 
crustacean sp. - 0 (2) - 
Combined species       
Anguilliform sp. (american eel, conger eel, 
unidentified Anguilliform sp.) 1 10 - 
Clupeid sp. (atlantic thread herring, blueback 
herring, menhaden, unidentified Clupeid sp.) 2 30 (10) - 
Labridae sp. (cunner, tautog, unidentified 
Labridae sp.) 7 (6) 19 (24) - 
Myoxocephalus sp. (grubby sculpin, unidentified 
Myoxocephalus sp.) 1 17 (3) - 
Prionotus sp. (nothern searobin, spotted searobin, 
unidentified Prionotus sp.) - 39 (56) - 
Urophycis sp. (red hake, spotted hake, 
unidentified Urophycis sp.) 3 10 - 
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The Schoener Index value for the overlap between South Brother and the 


Swinburne and Hoffman colonies was 0.108, indicating a low amount of overlap.  


Slightly different results were obtained by analyzing boli and pellets separately.  Looking 


at pellets only, the score remained low at 0.106, but the score derived from the bolus 


samples was higher, 0.337, indicating a medium level of overlap.   


 Bolus samples, comprising 33 species, showed greater diversity than pellets, 


which had 18 species (Table 2).  Every species of fish identified in the pellets was also 


identified in the boli.  There were 62 otoliths which could not be identified due to 


erosion.  It could not be determined if some of these belonged to species not found in the 


boli.  All of the otoliths in good condition were identified to species.  The reverse trend 


was true of crustaceans – several were found in the pellets compared to one in the bolus 


samples.   


 


 Table 2: Proportions of spiny vs. non-spiny fish species in pellets and boli. 


Spininess column indicates whether each species is spiny or not; y = yes, n = no. 


Species  Spiny?  P pellets P boli 
american eel, Anguilla rostrata n - 1.01% 
bay anchovy, Anchoa mitchilli n - 3.02% 
black seabass, Centropristis striata y 30.09% 14.36% 
bluefish, Pomatomus saltatrix y - 0.25% 
bluegill, Lepomis macrochirus y 0.88% 1.01% 
brown bullhead, Amerius nebulosus y - 0.25% 
conger eel, Conger oceanicus n - 1.26% 
cunner, Tautogolabrus adspersus y 8.85% 4.28% 
goldfish, Carassius auratus n - 0.25% 
grubby sculpin, Myoxocephalus aenaeus y 1.33% 4.03% 
gulf stream flounder, Citharichthys arctifrons n - 0.50% 
hake sp. n - 1.26% 
hogchoker, Trinectes maculatus y - 0.76% 
lined seahorse, Hippocampus erectus n - 0.25% 







VIII-15  


  


Table 2 (continued): 


Species  Spiny?  P pellets P boli 
mummichog, Fundlus heteroclitus  n - 11.08% 
northern pipefish, Syngnathus fuscus n - 0.76% 
oyster toadfish, Opsanus tau n 0.44% 3.78% 
pumpkinseed, Lepomis gibbosus y 3.98% 4.53% 
hake, red, Urophycis chuss n - 0.25% 
rock gunnel, Pholis faciata y - 0.50% 
sculpin sp. y - 0.50% 
scup, Stenotomus chrysops y 18.58% 12.85% 
searobin sp. y 1.77% 1.51% 
searobin, northern, Prionotus carolinus y 11.95% 4.03% 
searobin, striped, Prionotus evolans y 10.62% 4.53% 
hake, spotted, Urophycis regis n - 1.76% 
summer flounder, Paralichthus dentatus n - 0.50% 
tautog, Tautoga onitis y 1.77% 2.27% 
weakfish, Cynoscion regalis y 0.88% 0.25% 
white perch, Morone americana y 7.96% 5.79% 
winter flounder, Pseudopleuronectes americanus n - 1.51% 
yellow perch, Perca flavescens y - 0.25% 
Combined species        
Anguilliform sp. n - 2.27% 
Clupeid sp. n 4.42% 8.31% 
Labridae sp. y 10.62% 7.81% 
Myoxocephalus sp. y 1.33% 4.53% 
Prionotus sp. y  25.66% 10.08% 
Urophycis sp. n - 3.27% 
 


Comparing  the proportions of spiny and non-spiny food items in pellets, several 


important observations were made: 1) 11 of the 13 species found in pellets had spiny fins 


compared to the ratio of 14 out of 31 species found in boli (Table 2); 2) spiny fish species 


made up 63% of items identified in the bolus samples versus 95% of items identified in 


pellets; 3) every fish species which was found in the pellets with frequency of greater 


than 5% was spiny; and 4) when non-spiny species did occur in pellets, their relative 
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frequencies were always less than their relative frequencies in the bolus samples.  This 


trend was reversed for 5 of the 8 spiny species found in the pellets (Figure 2).   


 The biggest differences could be seen in black seabass which collectively 


increased 15.7% in relative frequency between boli and pellets, and the searobin species 


which collectively increased 15.6% in frequency in the same measure.  The largest 


decrease could be seen in the clupeids which decreased 3.9%.   


 


Figure 2: Differences in species proportions between pellets and boli.  Columns 


indicate the difference in relative frequencies of fish species found in pellets (Pi p) versus 


their relative frequencies in the boli (Pi b).  The non-spiny species listed are oyster 


toadfish and the clupeid spp. 


 


  







VIII-17  


 


DISCUSSION 


Comparison of Boli and Pellets 


 The species assemblages of the boli and pellets were very different, with 


boli being more diverse than pellets (Table 2).  All fish species found in pellet samples 


were also found in the bolus samples while less than half of the species found in the boli 


were also found in the pellets.  An important difference between the species which were 


common in pellets and those which were not, is that the former are spiny and the latter 


are not (Table 2).  Previous studies have also shown that pellets do not represent all 


species equally, and that the time in which pellets are produced can vary greatly, (Casaux 


et al. 1995; Russell et al. 1995).  Russell et al. (1995) showed that for shags, the age and 


sex of the birds did not affect pellet production, the only exceptions being the nestlings, 


which were not found to produce pellets.  It was hypothesized that this was due to their 


having a more acidic gastric environment (Russell et al. 1995).  The possibility that prey 


morphology could play a part in pellet production has been raised before but not well 


studied (Carss 1997, Caseaux et al. 1995).  Three possibilities are fish size, otolith 


morphology and bone content (Carss 1997, Caseaux et al. 1995); of these, only otolith 


morphology has been previously studied (Johnstone et al. 1990, Caseaux et al. 1995).  


 Fish size is often mentioned as a factor that could affect the production of pellets 


(Carss 1997).  The digestion processes render accurate estimation of fish size difficult for 


both pellets and boli (Carss 1997).  The effects of fish size on pellet production are hard 


to quantify.  Most boli are partially digested, and using them to estimate the sizes of the 


fish before digestion is problematic.  Some soft-fleshed species are rarely found as intact 
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boli.  For example, all the hakes, genus Urophycis, found in 2008 were unrecognizable 


balls of flesh and could only be identified through the discovery of identifiable otoliths, 


skin or bones.  Although accurate estimation of fish size is difficult, by using fairly 


complete bolus samples, it was shown not to be the major morphological aspect acting on 


pellet production.  There were a few examples of this.  Both herring species and oyster 


toadfish, Opsanus tau tended to be sizeable but rarely showed in the pellets, while cunner 


showed more frequently in pellets than boli, despite generally being smaller.  Both 


mummichogs and grubby sculpins, Myoxocephalus aenaeus, are very small species, their 


average weights in the bolus samples being 4.5 g and 10.6 g, respectively, and yet 


sculpins showed up in the pellets three times while mummichogs never did (Table 1).  


This shows that observed differences cannot be easily explained by prey size, however 


additional research is needed. 


 Otolith morphology is another possible factor in species representation in pellets.  


Casaux et al. (1995) conducted a feeding trial involving the Imperial Cormorant, 


Phalacrocorax atriceps.  Seven species of fish were fed to a captive bird, which was 


monitored for its rate of pellet production and how well the fish species were represented 


in the pellets.  The researchers were able to show a large variation in the number of 


otoliths lost by different fish species.  They hypothesized that the differences observed 


were due to differences in the morphologies of the otoliths but, because this was a 


preliminary study and their primary interest was in providing estimates in the correction 


of pellet analysis data for the local cormorant population, they did not actually provide 


much evidence to support their hypothesis.  All seven species used in the trial were spiny, 


so it is not possible to draw conclusions on the importance of spininess from their data. 
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Figure 3: Otolith morphologies.  Otoliths of different species have different shapes.  


Otoliths with thin projections might be more vulnerable to digestion than those compact 


in shape.  Depicted are the otoliths of A) cunner, B) Atlantic thread herring, C) striped 


searobin, and D) oyster toadfish.  Pictures are not to scale.  


 


 


 The feeding trial conducted by Caseaux et al. (1995) involved only one bird and 


was not comprehensive enough to truly answer the question.  The study by Caseaux et al. 


(1995) involved only one bird and was not comprehensive enough to truly answer the 


question of how otolith morphology affects species representation in the pellets but it did 


lend support for the idea, and so it was considered here as well.  The sizes and shapes of 
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otoliths in the observed species varied greatly.  Labrids have very small otoliths 


compared to the sizes of the fish and yet cunner otoliths often survive to be regurgitated 


in pellets.  In addition, their shape is roughly similar to that of clupeid otoliths (Figure 3), 


which in this study were found in pellets less frequently than would be expected given 


the proportion of herring in the boli.  In contrast, the large otoliths of striped searobins, 


Prionotus evolans, and oyster toadfish (Figure 3) are similar in size and shape and yet 


while striped searobins increased in frequency between boli and pellets by 4.5%, oyster 


toadfish decreased in frequency by 3.8%.  This indicates that while otolith morphology 


can affect their survival in pellets, this is not enough to discount the affects of spininess. 


 The total bone content, and the size and shape of large bones of prey species is 


another possible morphological factor in pellet production.  Data on the relative boniness 


on these species is not available, and will be explored in future research.  The presence of 


soft-shelled crustaceans in the pellets is possible evidence of this, however.  None of the 


five pellets containing soft-shelled crustaceans contained evidence of any other species.  


This could indicate that the pellets were ejected immediately due to the high load of 


indigestible material contained in these food items.  More evidence of this was the 


presence of searobin skulls in the pellets.  Searobins were the only species for which 


whole skulls could be found in the pellets.  Their thick skulls along with the bony plates 


covering their heads could prove too much for the cormorant digestive processes, 


requiring them to be ejected in pellets faster than spininess alone would account for.  


Finally, the importance of crustaceans in the diet is probably overstated by the biases 


associated with pellets.  Five of the crustaceans found in the pellets were soft-shelled 


forms of crabs or other crustaceans.  The others were crabs very small in size (carapace 
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width <10 mm) that likely were found as a result of secondary consumption, which has 


been shown to be a source of error with pellets (Blackwell & Sinclair 1995).  Species 


such as blue crabs, Callinectes sapidus, are spiny, but the fact that all large individuals 


found in the pellets were soft-shelled lends evidence to another factor being responsible 


for their appearance in the pellets.  Although the carapaces of these species were soft and 


often damaged beyond a point where species recognition was possible, there was always 


enough material left to fill a pellet, and it is likely that this lends support to the hypothesis 


that boniness is also an important factor in pellet production. 


 A further complication is the existence of empty pellets.  While a number of 


pellets had nothing in them which could be used to identify prey species, two apparently 


intact pellets found were entirely empty, consisting only of the outer gelatinous coating.  


Their presence indicates that the factors influencing the production of pellets are more 


complicated than simply the morphology of the prey.  It is known that young birds tend 


not to produce pellets (Derby and Lovvorn 1997), and one possibility is that pellet 


production is a process mediated in part by a bird’s metabolism, hastened by the 


collection of hard material but occurring even without it. 


 


Diet Analysis 


 Due to reasons discussed later in this section, an accurate picture of the birds’ diet 


is easiest to obtain through consideration of bolus samples alone.  For this reason, the 


analysis of the birds’ general diet will cover the results obtained from boli only.   


 The diet of the local population, as indicated by the diets observed on the three 


islands visited, was shown to be broad, with a Shannon-Weaver Index value of 3.03.   
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This takes into account not only the number of species found but also the proportions of 


each species within the samples.  The number of species and their evenness varied 


considerably by day, with Swinburne showing more diversity overall.  However, the 


disparity between the number of visits to Swinburne and South Brother may account for 


the differences in estimates of diversity and species abundance.     


 Several species stood out as constituting a particularly large proportion of the diet.  


Black seabass was the most common species, making up 14.4 % of all food items 


identified.  Scup was also frequent, making up 12.9% of boli.  Other common species 


included mummichog, Fundulus heteroclitus (11.44%), Atlantic menhaden, Brevoortia 


tyrannus (5.5%), and white perch, Morone americana (5.8%) (Table 2).  Raw proportions 


alone though, are not sufficient to understand the importance of different species in the 


local population’s diet.  For example, some species such as bay anchovy were present in 


large numbers (Table 1) but this is mediated by the fact that all the fish were contained in 


one aggregate bolus.  With that taken into consideration, the species’ estimated 


importance in the local diet or even in the diet of the South Brother colony diminishes.  


Total species diversity did not change much over time, although the occurrence of 


particular species did.  The main prey species identified, black seabass, scup, menhaden 


and the two searobins, were each present on four days, each only being absent from the 


samples collected on one of the two trips to South Brother where those species were not 


as common.  The limited number of trips to South Brother makes accurate evaluation of 


temporal changes in prey impossible. 


The Schoener Index value of 0.337 indicates that the two colonies partly overlap 


in their diets.  Looking at the species compositions for each area gives a more detailed 
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picture.  Immediate differences were observed as to which species made up the largest 


proportions of food items in each area.  In contrast to Swinburne where black seabass and 


scup were the most common species, on South Brother, white perch (18.9%) and 


mummichog, Fundulus heteroclitus (20.8%) were the most common (Table 1).  


Swinburne showed more diversity with 32 species compared to 20 species at South 


Brother.  The differences are important, possibly reflecting the relative positions of the 


colonies, with South Brother being located much deeper into the estuary than Swinburne.  


This is possibly reflected in the greater proportion of food items found in cormorants at 


the South Brother location that were derived from regional fresh waters, including the 


sunfish species bluegill, Lepomis macrochirus, and pumpkinseed, Lepomis gibbosus.  


The exact locations of the fresh water foraging areas is unknown but there are numerous 


city ponds which could be utilized as well as the Hudson River itself.   


 Although the Schoener Index is scaled to take into account different sample sizes, 


it does not consider the numbers of specimens within individual samples.  This is a 


possible source of error as seen in the large number of fish with small body sizes found 


on South Brother.  Three species – bay anchovy, mummichog and white perch, were 


found in high numbers but had small body mass throughout. While the abundance of 


these species suggest they are important to the colony’s diet, their small sizes (largest of 


these was a mummichog of 13.1 g) likely exaggerate their significance.  To compensate 


for this, the Schoener Index was computed without those species, yielding a value of 


0.416, which indicates a slightly higher amount of overlap, though still in the midrange of 


the index.  More samples from South Brother would likely have decreased the biases 


associated with these species. 
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Finally, studies conducted in 2006 and 2007 (Grubel and Waldman, unpublished 


data), indicated that black seabass were a much smaller part of the local diet.  Overall, the 


data from those years show a similar range but different make up of prey species.  In 


those years, cunner was found to be a much more important part of the diet, making up 


24% of the boli in 2006 and 17% of boli in 2007, while seabass was much less important, 


making up 1% and 3% of the boli respectively.  A wide range of factors including 


recruitment, fishing, environmental quality, water temperature, and competition with 


other species can affect which fish species are to be found in the harbor as well as in what 


proportions (Waldman 2006).   Future research will help us understand the exact of 


nature different species in the diet over time. 


These results were obtained through the use of bolus samples only.  This is of 


major importance when we take into account the results of the first part of the study – the 


comparison of fish assemblages in pellets with those in boli.  Failing to properly consider 


this bias while analyzing the diet would have caused us to overestimate the importance of 


spiny species.  For example, searobins would have been estimated to make up 17.9% of 


the diet instead of 10.1%, and black seabass would have been estimated at 22.2% instead 


of at 14.4%.  Conversely, the importance of non-spiny species such as herrings would 


have been estimated to make up only 6.35% of the diet instead of 8.31%, and oyster 


toadfish would have been estimated at 2.1% instead of at 3.8%.  These differences are 


large enough to potentially affect the decisions of resource managers and others who rely 


on such diet studies to evaluate the ecological impacts of cormorants.  
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CONCLUSIONS 


Continued research into the diet of the local Double-crested Cormorant population 


is important for the proper management of the species in the New York City region.  Of 


particular interest is the extent to which certain fish species are exploited by the 


cormorants.  Neither of the species valued by humans, commercially and recreationally, 


were common in the samples, indicating that the local cormorant population is not a 


threat to the local populations of those species. 


This research has uncovered a likely cause for the observed differences in both 


the species representation and the time in which pellets are produced.  The differences 


observed between boli and pellets seem to be upheld by the hypothesis that spininess is 


an important factor in the formation of pellets.  This is seen in the different proportions 


with which spiny and non-spiny species are found in boli and pellets.  Although our 


results indicate that spininess is an important factor in pellet production, we cannot 


estimate exactly how important a component it is.  Controlled feeding trials would help 


answer this question.  In addition, it is unlikely to be the only morphological factor 


affecting pellet production and species representation in pellets and to that end, further 


research into other factors is needed as well.    


The results of this study will be useful for those parties with an interest in 


managing the local marine resources as well as those concerned with managing Double-


crested Cormorant populations elsewhere.  One of the primary concerns of government 


agencies is the impact which cormorants have on fish populations and, through that, on 


the people who depend on those fish for recreation and livelihood.  Thus, it is extremely 


important that the needs of local fishermen and others who rely on the fish must be 
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considered, however, to proceed in instituting policy without first obtaining the required 


data will only lead to problems later on. 
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Investigating Black Skimmer Chick Diets Using Citizen 
Science and Digital Photography


Elizabeth A. Forys1,* and Alissa R. Hevesh1


Abstract - Rynchops niger (Black Skimmer) is a colonial seabird that forages on small 
planktivorous fish that are caught while gliding just above the surface. Previous studies 
have found that baitfish abundance can affect skimmer productivity, so the purpose of this 
research was to determine the species and size of fish fed to chicks in Southwest Florida. 
During the 2015 and 2016 nesting seasons, we posted requests for photographs of Black 
Skimmer adults feeding chicks to several Facebook sites where photographers were posting 
images taken in Southwest Florida. We invited volunteers who were knowledgeable about 
fish to identify prey species. We received 256 photographs of which 211 could be included 
in our study. Black Skimmers fed chicks 22 different species of fish, including 9 that had not 
been previously recorded. The fish species did not differ by year, age of chick, or location; 
however, smaller chicks were fed significantly more small fish. Our research demonstrated 
that citizen science conducted through using photographs and social media is an accurate 
and efficient method of obtaining data about seabird diets.


Introduction


 Rynchops niger L. (Black Skimmer) is a colonial seabird that nests on open, 
sandy, or gravel beaches along the Baja peninsula and the Atlantic and Gulf coasts 
of the US and Mexico (Gochfeld and Burger 1994). They forage on small planktivo-
rous fish that are caught while gliding just above the surface of the water when the 
bill is open and the mandible submerged (Black and Harris 1983). Black Skimmers 
are sexually dimorphic; the males weigh more than females, and have a longer tar-
sus, culmen, and wing chord (Quinn 1990). Females are more involved in feeding 
the young, but the males are more likely to feed older chicks and often feed them 
larger prey (Quinn 1990).
 Black Skimmers primarily feed at night when light levels are low, but also for-
age during the daylight, particularly when feeding their young (Erwin 1977, Yancey 
and Forys 2010). Erwin (1977) found that very young chicks (<6 days old) were 
fed once every 2 hours during the day and even the oldest chicks (>12 days old) 
were fed at least once during the day. Chick survival is dependent on the ability of 
adults to locate and catch suitably sized fish that are relatively nearby the nest site. 
Gordon et al. (2000) found an association between reproductive success and bait-
fish abundance. In addition, determining the species and size of fish fed to chicks is 
important for Black Skimmer conservation because surface-foraging seabirds are 
some of the species most sensitive to changes in fisheries stocks (Cury et al. 2011).
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 Relatively few studies have been conducted on the fish fed to Black Skimmer 
chicks. Most have involved invasive techniques such as placing ligatures around 
the chick’s neck, causing them to regurgitate food (King 1989, Loftin 1982) or 
attempting to visually identify the species and size of prey in the field (Arthur 
1921, Erwin 1977). Larson and Craig (2006) found that photo vouchers decreased 
observer bias in studies of Sterna caspia Pallas (Caspian Tern). Similarly, Gaglio 
et al. (2016) found that use of digital photography to quantify prey species and size 
of fish fed to Thalasseus bergii (Lichtenstein) (Greater Crested Tern) was equally 
accurate as regurgitation, collected over twice the amount of data in the same time 
period, and was much less invasive. Compared to pure observation, the digital pho-
tography decreased observer bias and increased overall accuracy of species and size 
of prey. 
 Our study was motivated by seeing a large number of photographs of Black 
Skimmers feeding chicks that had been posted on social media sites such as Face-
book and Flickr. Many of these images came from amateur photographers who 
were spending long periods of time at the colonies, investing in expensive camera 
equipment, and spending time processing and posting these images. In some cases, 
we would observe these photographers disturbing the nesting Black Skimmers by 
getting too close to the birds. Thus, the primary objective of our research was to 
use these photographs to determine which species were being fed to Black Skim-
mer chicks, but we additionally hoped to educate the photographers about skimmer 
conservation and engage them in actively protecting the species.  


Field-site Description


 We focused our research on Black Skimmer colonies on the open beaches of 
southwestern Florida (Fig. 1). Southwestern Florida beaches span from Collier 
County to the south to southern Pasco County to the north and is bounded to the 
west by the Gulf of Mexico. This region supports 42% (14/33) of the State of 
Florida’s Black Skimmer colonies (FWC 2016a).


Methods


 During the 2015 and 2016 nesting seasons, we posted requests for photographs 
of Black Skimmer adults feeding chicks to several Facebook sites where photog-
raphers were posting images taken in Southwest Florida. We also reached out to 
individual photographers who had posted photographs on Flickr. The vast major-
ity of birds were photographed at colonies on crowded, highly accessible, public 
beaches. When requesting images, we also explained that Black Skimmers are an 
imperiled species whose reproductive success can be lowered by disturbance and 
that we only wanted photographs from outside of the symbolic fencing around the 
colonies. We created a closed Facebook group where photographers could post im-
ages with the assurance that the images would not be used for other purposes. We 
asked photographers to include in their posts the date and time the photograph was 
taken, the location, and any other observations. In addition to photographs taken 
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during these 2 seasons, we encouraged photographers to submit additional images 
from recent years.
 To identify the prey species, we invited volunteers who were knowledgeable 
about fish, including 2 people who worked professionally in the field. A fisheries 
biologist at the Florida Fish and Wildlife Research Institute (St. Petersburg, FL), 
volunteered his time to review all species identifications. 
 We reviewed the images when they were uploaded onto Facebook to make 
sure they contained the relevant information and contacted the photographers if 


Figure 1. Map of the Black Skimmer colonies in Southwestern Florida and number of usable 
photos submitted to the Facebook page by citizen scientists.
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more details were needed. Based on our knowledge of the field sites and appar-
ent age of the chicks, we were also able to verify the location and rough date of 
the photograph.
 We included in our analysis only images in which it was clear that an adult had 
fed a chick and where the prey was readily identifiable. For each entry, we recorded 
the date, location, photographer, volunteer who identified the fish, and the size of 
the fish relative to the culmen (dorsal ridge of the upper mandible). We classified 
fish into 4 categories based on the photographs (1 = fish length <51% of the adult’s 
culmen length, 2 = fish length 51–100% of the adult’s culmen length, 3 = fish length 
101–150% of the adult’s culmen length, and 4 = fish length >150% of the adult’s 
culmen length), similar to groupings used by Erwin (1977). We were not able to 
accurately determine the gender of the skimmers feeding the chicks from many 
of the photographs, but the difference in the size of the culmens would likely not 
impact these broad categories of fish size. Based on an average culmen size of 6.7 
cm (Mariano-Jelicich et al. 2007), fish length was <3.3 cm in category 1, 3.3–6.7 
cm in category 2, 6.7–10 cm in category 3, and 10 cm in category 4. We classified 
the chicks as being downy, partially feathered, or fledged based on their plumage.
 We used all the acceptable images from any location or year to create a list of 
species fed to skimmer chicks. To further analyze the influence of year, location, 
and age of chick on which species they consumed, we only used data from sites that 
had at least 10 photographs from each of our main study years (2015 and 2016) and 
we only included fish that appeared in 5 photographs. We used a chi-square test to 
determine if the portion of each species of fish differed. We also tested to see if the 
size category of the fish consumed by the chick differed by the 3 age stages.
 Information about the colonies came from the Florida Shorebird Database (FWC 
2016a). To compile the database, Black Skimmer colonies were monitored at least 
every 3 weeks using an established protocol, and the data underwent a rigorous QA/
QC process (FWC 2016b).


Results


 During 2015 and 2016, 256 photographs were uploaded to the Facebook group. 
We were able to get all the necessary data from 211 photographs. Images were 
submitted by 17 people, approximately half of whom (47%) had never volunteered 
for a bird organization. Only a few individuals commented on Facebook to identify 
most of the fish shown in the photographs; and only in 1 case did the professional 
fish biologist differ from the other volunteers in his interpretation of the species 
shown in the photograph.
 Photographers obtained images at 9 colonies in southwestern Florida during the 
2011–2016 period (Fig. 1). The majority of the images were taken at 2 well estab-
lished colonies in Pinellas County (Indians Shores and Sand Key) that are ~16 km 
apart. Both skimmer colonies had ~250 pairs during each year and both had modest 
productivity varing from 0.5 to 0.9 fledges/pair. 
 Black Skimmers fed 22 species of fish to their chicks (Table 1), and all prey 
items were fish. Thirteen of the species had been recorded in adult and/or chick 
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diets by previous studies (Arther 1921, Erwin 1977, Gochfeld and Burger 1994, 
Gordon et al. 2000, King 1989, Mariano-Jelicich et al. 2007, Naves and Voorhen 
2006, Tomkins 1933, White et al. 1984), and the 9 others were new. About half of 
the fish fed were from 3 species (or genera), the most common fish was Menticir-
rhus sp. (either Menticirrhus americanus (L.) [Southern Kingfish] or Menticirrhus 
littoralis (Holbrook) [Gulf Kingfish]), frequently used as marine baitfish.
 The second-most common was Lepomis macrochirus (Bluegill), a species 
found exclusively in freshwater. The third-most common was Strongylura marina 
(Atlantic Needlefish), a marine baitfish. Needlefish and Sardinella aurita (Spanish 
Sardine) were seen being fed to chicks at the most colonies (7), followed by Haren-
gula jaguana (Scaled Sardine) (5). Although the majority of fish were marine, 
19.1% of the items fed are only found in freshwater, indicating that skimmers at 4 
colonies (Indian Shores, Marco Island, Sand Key, and St. Pete Beach) were forag-
ing in freshwater ponds.
 We conducted all further analyses on fish photographed in 2015 and 2016 at the 
Sand Key and Indian Shores colonies and on fish species for which we had 5 or 
more photographs. The range in the dates that images were taken and the number 
of unique days when photographs were taken were similar, indicating survey effort 
was equivalent at the 2 sites during the 2 years of the study (Table 2).


Table 1. Fish species fed to Black Skimmer chicks from 9 colonies in Southwestern Florida (2011–
2016). *indicates species of prey not previously known to be consumed by Black Skimmers. Habitat: 
M = marine, F = Freshwater, and B = brackish. # = number of sites.


Scientific name Local Common Name Habitat Count Percent # 


Menticirrhus sp. Kingfish/whiting M 43 19.5 4
Lepomis macrochirus Rafinesque Bluegill F 33 15.0 4
Strongylura marina (Walbaum) Atlantic Needlefish M 26 11.8 8
Poecilia latipinna (Lesueur) Sailfin Molly M, F, B,  17 7.7 4
Sardinella aurita Valenciennes Spanish Sardine* M 17 7.7 7
Harengula jaguana Poey Scaled Sardine* M 16 7.3 5
Hemiramphus brasiliensis (L.) Ballyhoo* M 9 4.1 3
Fundulus grandis Baird & Girard Gulf Killifish M 8 3.6 4
Cyprinodon variegatus Lacépède Sheepshead Minnow M 8 3.6 3
Anchoa mitchilli (L.) Bay Anchovy M 9 4.1 4
Brevoortia patronus Goode Gulf Menhaden M 7 3.2 2
Micropterus salmoides (Lacépède) Largemouth Bass M 6 2.7 2
Mugil sp. Mullet M 4 1.8 2
Trachinotus carolinus (L.) Florida Pompano M 4 1.8 3
Notemigonus crysoleucas (Mitchill) Golden Shiner* F 3 1.4 1
Lagodon rhomboids (L.) Pinfish M 3 1.4 2
Eucinostomus gula (Quoy & Gaimard) Jenny Mojarra* M, F, B 2 0.9 1
Rachycentron canadum (L.) Cobia* M 1 0.5 1
Nicholsina usta (Valenciennes) Emerald Parrotfish M 1 0.5 1
Elops saurus L. Ladyfish M, B 1 0.5 1
Opisthonema oglinum (Lesueur) Atlantic Thread Herring M 1 0.5 1
Oreochromis aureus (Steindachner) Blue Tilapia* F, B 1 0.5 1
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 The proportion of each species did not differ significantly between the 2 colonies 
(χ2 = 13.11, df = 9, P = 0.12). It also did not differ between the 2 years (χ2 = 6.932, 
df = 9, P = 0.64). The proportion of each species fed to downy, partially feathered 
and fledged chicks did not differ significantly (χ2 = 30.653, df = 18, P = 0.23); how-
ever, the size class of the fish was significantly different (χ2 = 30.653, df = 6, P < 
0.001; Fig. 2). Downy chicks were fed nearly exclusively category 1 and 2 fish, and 
feathered chicks were fed primarily category 2 and 3 fish. The downy chicks were 
fed mostly very small fish, but several relatively large category 4 fish were success-
fully fed to downy chicks, although the photographer noted that the adult broke the 
bones in the fish before feeding it to the chick.


Discussion


 With relatively little funding and time, researchers were able to document the 
fish fed to different sized Black Skimmer chicks from 9 colonies over 6 years 


Table 2. The dates and total number of days that photographers took usable photos at the 2 main 
colonies in 2015 and 2016.


Colony Year Dates Total number of days


Indian Shores 2015 6/12–8/11 13
Sand Key 2015 6/17–8/28 17
Indian Shores 2016 6/15–8/6 18
Sand Key 2016 6/15–8/20 21


Figure 2. Proportion of fish in each size category fed to downy, feathered, and fledged Black 
Skimmer chicks. Size categories were defined as: 1 = fish length <51% of the adult’s culmen 
length, 2 = fish length 51–100% of the adult’s culmen length, 3 = fish length 101–150% of 
the adult’s culmen length, and 4 = fish length >150% of the adult’s culmen length.
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during 93 separate visits. This study expanded the knowledge about which species 
skimmers feed their chicks and developed a baseline of which species were most 
important to Black Skimmers in Southwestern Florida.
 Skimmers in Southwest Florida exclusively fed their chicks fish, which is simi-
lar to what has been reported in most studies (Arthur 1921, Erwin 1977, Loftin 
1982) although King (1989) found a few Penaeus sp. (shrimp) that were ingested 
by chicks in Galveston Bay, TX, and Tomkins (1933) found shrimp dropped near 
chicks in Georgia.
 The species and numbers of fish fed to chicks was similar between years (2015, 
2016) and locations (Indian Shores, Sand Key). It should be noted that the colonies 
used for this analysis were relatively close together (within 16 km) and, therefore, 
foraging areas are likely to overlap.  The most common type of fish fed to chicks 
at both main sites was kingfish, which was not found in any of the published Black 
Skimmer diet studies in the US, but was one of the most common fish eaten by 
adults in southern Brazil (Naves and Vooren 2006). Bluegill was the second most 
common species and was previously seen by King (1989). Bluegill are only found 
in freshwater, indicating that skimmers were foraging at least 2.9 km from the 
Indian Shores colonies and 3.8 km from the Sand Key colonies. It is likely that 
skimmers forage in freshwater when it is windy at the beaches and bays (Gochfeld 
and Burger 1994); this result suggests that the presence of freshwater ponds near a 
colony may increase productivity.
 Ours is the first study to statistically compare the size of fish and the age of the 
chicks fed, however our results that smaller chicks are fed smaller fish is supported 
by broader observations from Erwin (1977) and Gochfeld and Burger (1994). 
Availability of smaller baitfish in relatively calm waters is likely another factor in 
Black Skimmer productivity.
 Finally, this study demonstrated the potential of social media to generate high-
quality diet data from photographers. The data was collected using photographs 
with the species identification listed below each post; thus, it was easily verified by 
researchers, which increased its accuracy over unverified data collected by citizen 
scientists (Gardiner et al. 2012). While we did not explicitly measure the impact 
of the photographer’s involvement in the project on their knowledge and attitudes 
about the skimmers, we did note that 100% of the photographers interacted and 
commented on photographs other than their own, indicating engagement with 
the project. None of the participating photographers were seen intruding into the 
skimmer colonies while taking photographs during the 2015 and 2016 field season 
(colony stewards noted at least 2 photographers in the colony at Indian Shores, but 
neither was known from the Facebook page). In the future, we plan to develop a 
long-term database of fish fed to chicks and investigate the role of participation on 
photographer behavior. Ideally, we will standardize the number days photographs 
were taken at each colony and expand the geographic range of our study so that 
we can establish a broader baseline of what species are fed to chicks. We could 
survey photographers before and after participating in our project to see if their 
knowledge of Black Skimmers increased and if this increase translated into fewer 
photographer-caused disturbances and more protection.
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OSPREY DIET COMPOSITION AND QUALITY IN HIGH- AND LOW-
SALINITY AREAS OF LOWER CHESAPEAKE BAY


K. ANDREW GLASS1 AND BRYAN D. WATTS
Center for Conservation Biology, College of William and Mary, Williamsburg, VA 23187 U.S.A.


ABSTRACT.—Chesapeake Bay in the northeastern United States is believed to support the largest concen-
tration of breeding Ospreys (Pandion haliaetus) in the world. Following the banning of DDT, this popula-
tion exhibited significant spatial variation in growth rates, with the fastest and slowest rates occurring in the
lowest and highest salinity areas, respectively. Because salinity can influence fish distributions, we quanti-
tatively analyzed Osprey diet composition along the gradient in the Chesapeake Bay to determine if
variation in foraging ecology contributed to this pattern of population recovery. We recorded .1800 hr
of food-provisioning behavior for 25 pairs within nine study areas that were classified as either upper
estuarine (,5 parts per thousand [ppt] salinity) or lower estuarine (.18 ppt). Atlantic menhaden (Bre-
voortia tyrannus) and seatrouts (Cynoscion spp.) were dominant dietary components for pairs within lower-
estuarine reaches, whereas gizzard shad (Dorosoma cepedianum) and catfish (Ictaluridae) dominated upper-
estuarine diets. Lower-estuarine prey fish averaged 6% shorter (Kolmogorov-Smirnov test: D 5 0.203, P 5


0.004), 34% lighter (D 5 0.305, P ,0.001), and 40% lower in energy content (D 5 0.247, P ,0.001) than
their upper-estuarine counterparts. We conclude that diet quality may be contributing to spatial variation in
the growth rate of the Chesapeake Bay Osprey population.


KEY WORDS: Osprey; Pandion haliaetus; Chesapeake Bay; diet; foraging ecology; population regulation; salinity.


COMPOSICIÓN Y CALIDAD DE LA DIETA DE PANDION HALIAETUS EN ÁREAS DE SALINIDAD ALTA
Y BAJA EN LA PARTE BAJA DE LA BAHÍA DE CHESAPEAKE


RESUMEN.—Se cree que la bahı́a de Chesapeake, ubicada en el este de los Estados Unidos, sostiene la
concentración más grande de individuos reproductivos de la especie Pandion haliaetus del mundo. Tras
la la prohibición del DDT, existió variación espacial sustancial en la tasa de crecimiento de esta población.
Las tasas más altas y más bajas se presentaron en las áreas de salinidad máxima y mı́nima, respectivamente.
Debido a que la salinidad puede influenciar las distribuciones de los peces, analizamos cuantitativamente la
composición de la dieta de P. haliaetus a lo largo del gradiente en la bahı́a de Chesapeake para determinar
si variaciones en la ecologı́a de forrajeo habrı́an contribuido a este patrón de recuperación poblacional.
Registramos más de 1800 horas de comportamiento de provisión de alimento para 25 parejas en nueve
áreas de estudio que habı́an sido clasificadas ya sea, como estuarinas altas (menos de 5 partes por mil de
salinidad) o estuarinas bajas (más de 18 partes por mil). Los peces Brevoortia tyrannus y Cynoscion spp.
fueron componentes dominantes de la dieta de las parejas de las áreas estuarinas bajas, mientras que
Dorosoma cepedianum y los de la familia Ictaluridae dominaron las dietas de las áreas estuarinas altas. Los
peces depredados en las áreas estuarinas bajas fueron, en promedio, 6% más cortos (prueba de Kolmo-
gorov-Smirnov: D 5 0.203, P 5 0.004), 34% más livianos (D 5 0.305, P ,0.001) y presentaron un contenido
de energı́a 40% menor (D 5 0.247, P ,0.001) que sus contrapartes de las áreas estuarinas altas. Conclui-
mos que la calidad de la dieta podrı́a estar contribuyendo a la variación espacial en la tasa de crecimiento
de la población de P. haliaetus de la bahı́a de Chesapeake.


[Traducción del equipo editorial]


Although restricted to a diet composed almost
entirely of live fish, Ospreys (Pandion haliaetus) con-


sume a wide array of species and occur in a diversity
of habitats (Poole et al. 2002). Fish populations of
many coastlines, estuaries, marshes, lagoons, rivers,
lakes, and reservoirs support Osprey populations.
This dietary plasticity is one of the primary factors
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contributing to their worldwide distribution (Poole
1989). Ospreys are found on every continent except
Antarctica (Poole et al. 2002).


Chesapeake Bay is the largest estuary in North
America and one of the most productive aquatic
ecosystems in the world (Murdy et al. 1997). The
bay’s high productivity and 13 000-km shoreline
make it an ideal waterbody for breeding Ospreys.
Historically, Chesapeake Bay has supported the larg-
est concentration of breeding Ospreys in the world
(Henny et al. 1974, Spitzer and Poole 1980). Al-
though this population suffered from the effects
of DDT (Stinson and Byrd 1976), reproductive rates
showed signs of recovery through the 1970s and
1980s (Watts and Paxton 2007). By the mid-1990s,
the tidal reach of the bay supported an estimated
3473 breeding pairs (Watts et al. 2004). Not all areas
of the bay have recovered at the same rate, however.
The only bay-wide breeding survey conducted since
1973 revealed that mean doubling times of the with-
in geographic subregions ranged from 4.3 yr to
more than 40 yr. The slowest rates generally oc-
curred in higher-salinity areas of the bay proper
and the fastest rates along the lower-salinity reaches
of upper tributaries (Watts et al. 2004).


Saturation of nesting substrate along the bay
proper does not appear to be a primary factor con-
tributing to the slower population growth rate
there, because potential nesting sites are plentiful
and some historic nest sites are no longer being
occupied (M. Byrd pers. comm.). Neither are envi-
ronmental contaminants likely responsible for the
differential population growth rate, because studies
have shown that recent contaminant levels have not
affected Osprey reproductive success (Rattner et al.
2004). The potential effect of foraging ecology on
population growth has not been assessed, however.


Salinity tolerance is an important factor contrib-
uting to the distribution of fish species within estu-
aries (Boesch 1977, Murdy et al. 1997, Jung 2002).
Thus, prey availability, and ultimately Osprey forag-
ing behavior, may differ markedly between higher-
and lower-salinity areas in Chesapeake Bay. In 1985,
McLean and Byrd (1991) documented provisioning
behavior at seven nests located in high-saline waters
of the bay. Here we compare the diet of Osprey
pairs provisioning broods within defined higher-
and lower-salinity subregions of Chesapeake Bay
and its upper tributaries. We describe for the first
time the diet of Ospreys nesting in lower-salinity
reaches and discuss how differences across the sa-
linity gradient may relate to the spatial differences


in population growth noted by Watts et al. (2004).
Such information is important to Osprey conserva-
tion, as well as ecosystem-scale considerations such
as fisheries management and contaminant monitor-
ing.


METHODS


We investigated the influence of salinity on diet
by observing nesting Ospreys during the 2006 and
2007 breeding seasons within the extremes of salin-
ity found within Chesapeake Bay. For the purpose of
this study, we considered ‘‘upper-estuarine’’ areas
those ranging in salinity from 0 to 5 parts per thou-
sand (ppt) and ‘‘lower-estuarine’’ areas those ex-
ceeding 18 ppt. We chose salinity replicates to study
from a pool of areas delineated by the Chesapeake
Bay Program analytical segmentation scheme (Data
Analysis Work Group 1997). We chose five upper-
estuarine and four lower-estuarine sites (Fig. 1),
each of which contained an average of three nests
on channel markers or duckblinds over open water
that were accessible by boat. We attempted to ran-
domize site locations over as broad an area as was
feasible, but we were restricted by the availability of
boat ramps. We sampled a total of 29 nests, three of
which were sampled during both 2006 and 2007.


We used micro-video monitoring to record provi-
sioning data. The camera unit consisted of a porta-
ble digital video recorder (Secumate Mini, Yoko
Technology Corp., Taiwan) connected to a 10-cm
bullet camera (CM25SH CCD Color Sunshield, Mi-
croAmerica, U.S.A.), both of which were powered
by a 12 V deep-cycle marine battery. To obtain the
highest resolution image of provisioning behavior,
we secured the bullet camera approximately 1 m
from the nest. We attached the camera directly to
either a channel marker railing or duckblind beam,
and we stored the recording unit and battery inside
a weather-proof container placed nearby. We
mounted cameras after nestlings reached at least
2 wk old, and generally filmed during all daylight
hours for 1–2 d/wk, until nestlings approached
fledging age. Logistical difficulties, however, pre-
cluded us from collecting video footage equally at
all nests and sites.


The provisioning parameters we assessed includ-
ed prey taxonomy, length, mass, and energy con-
tent. We identified prey items to the lowest taxo-
nomic level possible and estimated prey size by
comparing against Osprey morphological charac-
ters visible on images. We identified most prey to
species; however, due to the lack of strong morpho-
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logical distinctions between some species (principal-
ly catfish [Ictaluridae] and shad [Dorosoma spp.]),
we were able to identify some fish only to genus or
family. We estimated fish length to the nearest cm
using multiples of a typical adult Osprey’s bill or
talon length (values obtained from Poole et al.
2002). We minimized potential biases associated
with these estimations by having a single individual
conduct all video reviews. We used published mor-
phometric data to extrapolate total fish length in


cases where prey were only partially visible, and ul-
timately estimated fish mass based on published
length-mass conversion equations (Appendix 1). Fi-
nally, because energy content per unit mass varies
among species, we calculated the total kilocalories
delivered per prey item by using published energy-
density data (Appendix 2). In the few cases where
length-mass conversion equations or energy-density
data were unavailable for identified taxa, we calcu-
lated values using data for closely related taxa. As in
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Figure 1. Osprey study sites within southwestern Chesapeake Bay during the 2006 and 2007 field seasons. Triangles
indicate upper-estuarine, low-salinty sites and squares indicate lower-estuarine, high-salinty sites.
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previous Osprey diet studies, we considered most
fish to be entirely edible and therefore wholly con-
sumed (e.g., Stinson 1977, Poole 1982, Van Daele
and Van Daele 1982, McLean and Byrd 1991, Stee-
ger et al. 1992). Catfish .31 cm in total length were
an exception; we assumed them to be only 90%
consumable (Dykstra 1995, Markham 2004).


We summarized identified taxa by number of in-
dividuals, biomass, and energy content for upper-
and lower-estuarine sites. We used chi-square tests
to detect differences between habitats in the fre-
quency of occurrence of each taxon. We calculated
expected values by averaging the frequencies ob-
served in the two salinity habitats and incorporating
a correction factor that accounted for incidental
unequal sampling effort. For example, because only
48% of the total sampling effort occurred in the
lower-estuarine habitat, we calculated the expected
frequency of a given taxon for this habitat by mul-
tiplying its cumulative observed frequency for both
habitats by 0.48 rather than the usual 0.50.


We evaluated diet breadth and prey characteris-
tics using a subset of nests where prey diversity
reached an asymptote. We projected the asymptotic
number of species consumed at each nest by fitting
each distribution to the following negative expo-
nential function: accumulated number of species
5 b0 * (1 2 exp(2b1 * accumulated number of
observations)), where b0 5 asymptote (Miller and
Wiegert 1989). Based on this subset of nests, we
compared the frequency distributions of prey
lengths, masses, and energy contents in the two sa-
linity habitats using non-parametric Kolomogorov-
Smirnov tests. We estimated diet breadth using
Simpson’s (1949) 1-D species-diversity index and
evaluated differences in diet breadth between the
habitats using a t-test.


We used chi-square analyses to assess the spatial and
temporal uniformity of delivery rates (g/hr) for major
fish taxa within each habitat. We used average site val-
ues for each habitat as the expected values for spatial
comparisons and average annual values for each hab-
itat as the expected values for temporal comparisons.


RESULTS


We recorded 667 hr and 748 hr of video footage
in the lower-and upper-estuarine sites, respectively.
On average, we recorded 177 hr of footage per site
(range 50–308 hr, SD of 120 hr) and 59 hr of foot-
age per nest (range 19–161 hr, SD of 38 hr). We
pooled the prey data from the five upper-estuarine
sites, and similarly pooled prey data from the four


lower-estuarine sites. We positively identified 589
prey items: 15 taxa to species, one taxon to genus,
and two taxa to family.


The frequency of occurrence of species dominat-
ing the Osprey diet differed between the two salinity
habitats for all species except the Atlantic croaker
(Micropogonias undulates). Catfish and gizzard shad
(Dorosoma cepedianum) represented the greatest per-
centage (80%) of total prey items provisioned in the
upper-estuarine sites, whereas seatrouts (Cynoscion
spp.), Atlantic menhaden (Brevoortia tyrannus), spot
(Leiostomus xanthurus), and Atlantic croaker com-
posed the major percentage (74%) of fish provi-
sioned in the lower-estuarine sites (Table 1). Occur-
rences of less common species, including Atlantic
thread herring (Opisthonema oglimum), unidentified
Clupeidae, round herring (Etrumeus teres), and sum-
mer flounder (Paralichthys dentatus), also differed
between salinity habitats (Table 1).


Prey species that dominated the Osprey diet by
frequency of occurrence were similarly represented
as percentages of total energy delivered to nests (Ta-
ble 1). Catfish and gizzard shad made up 77% of the
total energy provisioned to nestlings in upper-estua-
rine sites, whereas Cynoscion spp., Atlantic menha-
den, and gizzard shad composed 76% of the total
energy delivered to nestlings in lower-estuarine sites.


Fish length averaged 7% longer in upper-estua-
rine sites (range 10.2–42.9 cm, mean 23.7 6 SD of
7.0 cm) than in lower-estuarine sites (range 12.7–
42.0 cm, mean 22.2 6 5.0 cm; Kolmogorov-Smirnov
test: D 5 0.203, P 5 0.004; Fig. 2). Fish biomass
averaged 52% greater in upper-estuarine sites
(range 10.2–850.0 g, mean 239.8 6 194.9 g) than
in lower-estuarine sites (range 18.1–850.0 g, mean
157.8 6 112.8 g; D 5 0.305, P ,0.001). Whole-fish
energy content of fish averaged 66% higher in up-
per-estuarine sites (range 69.5–5904.5 kJ, mean
1491.6 6 1475.7 kJ) than in lower-estuarine sites
(range 83.3–5899.4 kJ, mean 899.6 6 807.1 kJ; D
5 0.247, P , 0.001). Taxonomic diet breadth, as
measured by Simpson’s 1-D diversity index, did
not differ between the two habitats (upper-estua-
rine: range 0.236–0.823, mean 0.526 6 0.163; low-
er-estuarine: range 0.549–0.844, mean 0.696 6


0.119; t 5 20.981, P 5 0.253).
Significant spatial variation in prey delivery rates


(g/hr) occurred among sites within each habitat for
all major fish taxa (Table 2). Significant temporal
(among year) differences in prey dilvery rates oc-
curred only for gizzard shad in the upper-estuarine
sites (Table 2).
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DISCUSSION


Our characterization of Osprey diet during the
2006 and 2007 breeding seasons elucidated marked
differences between upper- and lower-estuarine


habitats. Fish taxa targeted by Ospreys varied signif-
icantly along the salinity gradient in both frequency
of occurrence and percentage of total energy con-
tent delivered to broods. In the lower-estuarine
sites, Atlantic menhaden and Cynoscion spp. were
the dominant prey items provisioned. Although
constituting only 24% of the diet by frequency of
occurrence, Atlantic menhaden provided 44% of
the total energy provided to broods in the lower-
estuarine sites. Due in large part to its high lipid
content relative to other species, Atlantic menha-
den historically has been shown to be an important
prey item for Ospreys breeding throughout the
coastal waters of the mid-Atlantic and northeastern
United States (Spitzer and Poole 1980, Poole 1989,
McLean and Byrd 1991, Steidl et al. 1991). Atlantic
menhaden also form large compact schools very
near the water surface, making them relatively easy
for Ospreys to locate and capture (Munroe and
Smith 2000).


Although we were not able to identify to species
all individuals in the important group Cynoscion
spp., it appeared that this group was composed pri-
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Table 1. Relative contributions of all prey taxa identified in the Osprey diet within lower- and upper-estuarine sites in
lower Chesapeake Bay during the 2006 and 2007 breeding seasons. Chi-square tests were conducted to detect significant
differences in frequencies of occurrence between habitats. Scientific names of species are in Appendix 1.


SPECIES


LOWER UPPER


OBSERVED vS.
EXPECTED


FREQUENCY LOWER UPPER


N % TOTAL N % TOTAL x2 P kJ % TOTAL kJ % TOTAL


Alewife 0 0.0 1 0.3 1.0 0.330 0.0 0.0 3211.6 0.4
Atlantic croaker 27 12.3 26 6.6 0.1 0.745 15238.1 5.5 28875.5 3.9
Atlantic menhaden 53 24.2 6 1.5 39.9 ,0.001 123901.2 44.7 33051.1 4.5
Atlantic thread herring 5 2.3 0 0.0 5.3 0.022 2630.1 1.0 0.0 0.0
Bluefish 1 0.5 0 0.0 1.0 0.330 560.2 0.2 0.0 0.0
Clupeidae 0 0.0 15 3.8 14.3 ,0.001 0.0 0.0 29870.8 4.0
Gizzard shad 9 4.1 110 28.0 80.7 ,0.001 36868.2 13.3 341197.7 46.0
Hickory shad 0 0.0 3 0.8 2.9 0.091 0.0 0.0 21381.5 2.9
Hogchoker 1 0.5 0 0.0 1.0 0.330 394.1 0.1 0.0 0.0
Ictaluridae 0 0.0 203 51.7 192.8 ,0.001 0.0 0.0 245045.6 33.0
Largemouth bass 0 0.0 1 0.3 1.0 0.330 0.0 0.0 1595.8 0.2
Round herring 4 1.8 0 0.0 4.2 0.040 5516.6 2.0 0.0 0.0
Spot 19 8.7 0 0.0 20.0 ,0.001 10132.8 3.7 0.0 0.0
Spotted seatrout 63 28.8 0 0.0 66.3 ,0.001 50187.5 18.1 0.0 0.0
Striped bass 10 4.6 5 1.3 1.9 0.164 12156.2 4.4 13399.7 1.8
Summer flounder 12 5.5 0 0.0 12.6 ,0.001 5403.2 2.0 0.0 0.0
Threadfin shad 1 0.5 4 1.0 1.7 0.199 151.0 0.1 2669.8 0.4
White perch 2 0.9 8 2.0 3.3 0.069 2294.9 0.9 4842.6 0.7
Unknown 12 5.5 11 2.8 11913.1 4.3 16586.2 2.2
TOTAL 219 393 277347.2 741727.1


Figure 2. Comparisons of the frequency of occurrence
and energy content of individual fish identified in Osprey
diets within upper- and lower-estuarine sites during the
2006 and 2007 breeding seasons in lower Chesapeake Bay.
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marily of spotted seatrout (Cynoscion nebulosus). This
concurs with McLean and Byrd’s (1991) study as
well as with the opinions of local recreational an-
glers (K. Glass unpubl. data) who routinely fished
for this species throughout the lower-estuarine sites.
By biomass, spotted seatrout are the second largest
catch annually landed by the saltwater fishing indus-
try in the southeast United States, and the recrea-
tional catch is believed to be greater than the com-
mercial catch (Murdy et al. 1997). Although found
throughout the Chesapeake Bay in a wide range of
salinities, spotted seatrout occur predominantly in
higher-salinity waters and frequent shallow waters
with sandy bottoms, making them accessible to Os-
preys (Murdy et al. 1997).


In the upper-estuarine sites, gizzard shad and cat-
fish dominated the diet. Although gizzard shad oc-
curred only half as frequently as catfish, which com-
prised 52% of the diet by frequency of occurrence,
gizzard shad constituted 46% of the total energy
delivered to broods, whereas catfish constituted on-
ly 33%. The dominance of these taxa in the upper-
estuarine diet is not surprising because they are
abundant in these waters (Murdy et al. 1997). Giz-
zard shad can occur in salinities as high as 22 ppt
within Chesapeake Bay, but they are not anadro-
mous and primarily occur in the tidal fresh and
oligohaline waters where they spawn from March
to August (Murdy et al. 1997, Munroe 2000). This
species is therefore an ideal prey item because it is
available throughout the Osprey breeding season
(April–August). Its availability to Ospreys is further
increased by both a rapid growth rate, which quickly


precludes consumption by most piscivorous fish,
and the schooling behavior it typically exhibits be-
tween 0.3–1.6 m below the surface (Jenkins and
Burkhead 1994). Furthermore, a large size associat-
ed with a very high energy density guarantees that
gizzard shad provide a substantial energy return for
foraging Ospreys. Previously, gizzard shad had been
documented in the Osprey diet only within the res-
ident population of southern Florida (Collopy 1984,
Edwards 1988).


Like gizzard shad, catfish also can be found in a
wide range of salinities, but occur most frequently
in fresher water (Murdy et al. 1997, Virginia Insti-
tute of Marine Science unpubl. data). Several spe-
cies of catfish are well established throughout the
lower-saline reaches of Chesapeake Bay (Murdy et
al. 1997) and localized spawning ensures their pres-
ence throughout the Osprey breeding season (Jen-
kins and Burkhead 1994). The foraging ecology of
catfish likely also contributes to their large presence
in the Osprey diet. Catfish primarily feed on benthic
organisms (Murdy et al. 1997) and bottom-feeders
are more vulnerable to Osprey attacks than limnet-
ic-feeders; presumably because they have their eyes
focused predominantly on the underlying substrate
(Swenson 1979). Benthic fish are also often drawn
to shallower waters to forage (Haywood and Ohmart
1986), thereby further increasing their vulnerability
to depredation because they have no downward es-
cape route. We believe that Ictaluridae brought to
nests were primarily channel catfish (Ictalurus punc-
tatus), blue catfish (Ictalurus furcatus), and white cat-
fish (Ameiurus catus), as suggested by regular obser-
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Table 2. Spatial and temporal comparisons of provisioning rates (g/hr) for major taxa identified in the Osprey diet
during the 2006 and 2007 breeding seasons in lower Chesapeake Bay. Site means were calculated by averaging all site
values for both years. Annual means were calculated by averaging all site values within each year. These means were used
as expected values in chi-square analyses.


ZONE AND SPECIES


SITE


OBSERVED VS.
EXPECTED


FREQUENCY ANNUAL


OBSERVED VS.
EXPECTED


FREQUENCY


MEAN SD x2 P MEAN SD x2 P


Upper-estuarine zone
Atlantic croaker (Micropogonias undulatus) 12.1 14 64.5 ,0.001 1.4 1.5 1.6 0.201
Gizzard shad (Dorosoma cepedianum) 78.5 41.8 89.0 ,0.001 93.9 57.1 34.7 ,0.001
Ictaluridae 55.6 26.1 48.8 ,0.001 66.2 7.0 0.7 0.389


Lower-estuarine zone
Atlantic croaker (Micropogonias undulatus) 7.9 5.6 13.1 0.001 4.1 1.8 0.8 0.381
Atlantic menhaden (Brevoortia tyrannus) 25.1 30.5 63.0 ,0.001 9.1 4.5 2.2 0.138
Spotted seatrout/weakfish (Cynoscion spp.) 11 10.6 20.3 ,0.001 23.0 5.7 1.4 0.236
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vation of deeply forked caudal fins. Previously, only
bullhead catfish (Ameiurus spp.) had been docu-
mented in the Osprey diet (Van Daele and Van
Daele 1982, Collopy 1984, Vana-Miller 1987, Poole
1989, Steeger et al. 1992).


Breeding Bald Eagles (Haliaeetus leucocephalus) al-
so have been shown to rely predominantly on cat-
fish and shad species in the upper-estuarine areas of
Chesapeake Bay (Markham 2004). As Osprey and
Bald Eagle populations both continue to expand
in this region, competition for these prey resources
will likely escalate. Exploitive or interference com-
petition may subsequently affect population dynam-
ics. Although Bald Eagles may displace Ospreys
when territories overlap to a large extent, some re-
searchers have suggested that the dominance may
be reversed if Ospreys greatly outnumber Bald Ea-
gles (Ogden 1975).


In other populations, Ospreys have been shown to
target fish within a narrow size range (Swenson 1978,
Van Daele and Van Daele 1982, Poole 1989). We
found that the average lengths, biomasses, and ener-
gy contents of consumed fish all differed between
upper- and lower-estuarine sites. Differing by
1.5 cm, 82 g, and 592.4 kJ per fish on average, the
provisioned lower-estuarine fish were 6% shorter,
34% lighter, and 40% less energy-rich than their up-
per-estuarine counterparts. The differences in fish
biomass and energy content appeared to be primarily
due to a variation in diet composition rather than
fish length, because each species has unique
length-mass and mass-energy conversion factors.


Although spatial differences in diet composition
within habitats existed, our results indicate that Os-
preys breeding in the upper-estuarine sites enjoy a
higher quality diet than those in the lower-estuarine
sites. Given the broad spatial scale of our study,
extrapolation of our findings to the broader region
seems valid. Because diet quality directly influences
the reproductive success of breeding Ospreys, spa-
tial differences in diet quality may be influencing
the dynamics of the Chesapeake Bay Osprey popu-
lation. Given that Ospreys rarely breed farther than
50 km from their natal sites and exhibit extreme
site fidelity in annual breeding, Osprey population
growth and decline are predominantly influenced
by local survival and reproductive rates (Poole et
al. 2002). Consequently, if Ospreys produce fewer
young per breeding attempt in the lower-estuarine
sites than in the upper-estuarine sites due to lower
diet quality, overall population growth would likely
reflect this. Spatial variation in growth rates of the


Chesapeake Bay population may therefore ultimate-
ly be due to the spatial differences in diet quality
elucidated in our study. This has important implica-
tions for the long-term stability of this population,
as well as for fisheries management and overall eco-
system health. We encourage further studies that
characterize both parental provisioning rates and
reproductive success to more conclusively assess
the influence diet quality may be having on the
growth trend of the Chesapeake Bay Osprey popu-
lation.


ACKNOWLEDGMENTS


We thank Shawn Padgett, Bart Paxton, and Fletcher
Smith with the Center for Conservation Biology. They pro-
vided a tremendous amount of logistical support and tech-
nical assistance, without which this project would not have
been possible. We also thank assistants Jared Lawson and
Russell Smith who aided tremendously with data collection
in the field. Funding was provided by the Center for Con-
servation Biology, International Osprey Foundation, Virgi-
nia Society of Ornithology, Coastal Virginia Wildlife Ob-
servatory, and The College of William and Mary. Reviews
by Alan Poole, Mark Martell, and an anonymous reviewer
helped improved the manuscript.


LITERATURE CITED


BOESCH, D.F. 1977. A new look at the zonation of benthos
along an estuarine gradient. Pages 245–266 in B.C.
Coull [ED.], Ecology of the marine benthos. University
of South Carolina Press, Columbia, SC U.S.A.


BOHNSACK, J.A. AND D.E. HARPER. 1988. Length-weight re-
lationships of selected marine reef fishes from the
southeastern United States and the Caribbean. NOAA
Tech. Mem. NMFS-SEFC-215. NOAA, Silver Spring,
MD, U.S.A.


BYKOV, V.P. 1983. Marine fishes: chemical composition and
processing properties. Amerind Publishing Co. Pvt.
Ltd., New Delhi, India.


CARLANDER, K.D. 1969. Handbook of freshwater fishery bi-
ology, Volume 1. Iowa State University Press, Ames, IA
U.S.A.
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Appendix 1. Length-mass conversions used for fish identified in the diet of Ospreys nesting in lower Chesapeake Bay
during the 2006 and 2007 breeding seasons. In conversion equations, mass (M) is in grams and length (L) is in
centimeters.


SPECIES BIOMASS CONVERSION REFERENCE


Alewife (Alosa pseudoharengus) M 5 0.0085*L3.000 Madenjian et al. 2003
American shad (Alosa sapidissima) M 5 0.0065*L2.959 Muncy 1960
Atlantic croaker (Micropogonias undulatus) M 5 0.0052*L3.148 Wilk et al. 1978
Atlantic herring (Clupea harengus) M 5 0.0075*L3.030 Muncy 1960
Atlantic menhaden (Brevoortia tyrannus) M 5 0.0161*L3.000 June and Nicholson 1964
Atlantic thread herring (Opisthonema oglimum) M 5 0.0186*L2.920 Claro and Garcia-Arteaga 1994
Banded rudderfish (Seriola zonata) M 5 0.0259*L2.908 Bohnsack and Harper 1988
Black crappie (Pomoxis nigromaculatus) M 5 0.0096*L3.075 Vanderpuye and Carlander 1971
Blue catfish (Ictalurus furcatus) M 5 0.0185*L3.000 Crawford 1993
Channel catfish (Ictalurus punctatus) M 5 0.0041*L3.407 Muncy 1959
Clearnose skate (Raja eglanteria) M 5 0.0022*L3.295 Sulikowski et al. 2003
Gizzard shad (Dorosoma cepedianum) M 5 0.0182*L2.890 Lagler and Van Meter 1951
Hickory shad (Alosa mediocris) used American shad
Hogchoker (Trinectes maculatus) M 5 0.0199*L3.001 Dawson 1965
Largemouth bass (Micropterus salmoides) M 5 0.0158*L2.960 Swingle 1965
Round herring (Etrumeus teres) M 5 0.0059*L3.158 Dawson 1965
Spot (Leiostomus xanthurus) M 5 0.0092*L3.072 Dawson 1965
Spotted seatrout (Cynoscion nebulosus) M 5 0.0131*L3.000 Crawford 1993
Striped bass (Morone saxatilis) M 5 0.0061*L3.153 Mansueti 1961
Summer flounder (Paralichthys dentatus) M 5 0.0102*L2.994 Smith and Daiber 1977
Threadfin shad (Dorosoma petenense) M 5 0.0035*L3.774 Carlander 1969
Weakfish (Cynoscion regalis) M 5 0.0088*L3.000 Crozier and Hecht 1913
White perch (Morone Americana) M 5 0.0125*L3.020 St. Pierre and Davis 1972
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Appendix 2. Mass-energy conversion equations used for fish identified in the diet of Ospreys nesting in lower
Chesapeake Bay during the 2006 and 2007 breeding seasons. In conversion equations, energy (E) is in kJ and mass
(M) is in grams.


SPECIES ENERGY CONVERSION REFERENCE


Alewife (Alosa pseudoharengus) E 5 185*(M/100) Frimodt 1995
American shad (Alosa sapidissima) E 5 192*(M/100) Watt and Merrill 1975
Atlantic croaker (Micropogonias undulatus) E 5 100*(M/100) Frimodt 1995
Atlantic herring (Clupea harengus) E 5 190*(M/190) Frimodt 1995
Atlantic menhaden (Brevoortia tyrannus) E 5 189*(M/100) Frimodt 1995
Atlantic thread herring (Opisthonema oglimum) used Atlantic herring
Banded rudderfish (Seriola zonata) used white perch
Black crappie (Pomoxis nigromaculatus) used white perch
Blue catfish (Ictalurus furcatus) E 5 103*(M/100) Frimodt 1995
Channel catfish (Ictalurus punctatus) E 5 112*(M/100) Frimodt 1995
Clearnose skate (Raja eglanteria) used summer flounder
Gizzard shad (Dorosoma cepedianum) E 5 200*(M/100) Watt and Merrill 1975
Hickory shad (Alosa mediocris) used American shad
Hogchoker (Trinectes maculatus) used summer flounder
Largemouth bass (Micropterus salmoides) used white perch
Round herring (Etrumeus teres) used Atlantic herring
Spot (Leiostomus xanthurus) used Atlantic croaker
Spotted seatrout (Cynoscion nebulosus) E 5 99*(M/100) Frimodt 1995
Striped bass (Morone saxatilis) E 5 92*(M/100) Frimodt 1995
Summer flounder (Paralichthys dentatus) E 5 84*(M/100) Frimodt 1995
Threadfin shad (Dorosoma petenense) used gizzard shad
Weakfish (Cynoscion regalis) E 5 99*(M/100) Frimodt 1995
White perch (Morone Americana) E 5 118*(M/100) Watt and Merrill 1975
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I'm not sure what aspects of the EFP application the SSC may cover next week, but I
thought these citations and the data they include might be of interest to the committee. If
I can answer any questions from the seabird perspective let me know, and thanks for
considering the ecosystem role these fish play.
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