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Introduction: Ospreys (Pandion haliaetus) are well-known sentinels of aquatic

ecosystem health and are indicators of both environmental contaminants and fish

stocks. The Chesapeake Bay supports one of the largest osprey breeding

populations in the world, but recent studies have documented declining

reproductive performance and increasing food stress in some portions of

the estuary.

Methods: We monitored osprey nests (N = 571) throughout the Chesapeake Bay

during the 2024 breeding season and compared breeding metrics between high-

salinity (>10 parts per thousand [ppt]) and low-salinity (<5 ppt) study areas. We also

compared contemporary breeding performance within four high-salinity sites to

historical data collected during the 1980s.

Results: Salinity was strongly associated with breeding performance and the

likelihood that pairs achieved productivity levels required for population

maintenance. All high-salinity study areas functioned as demographic sinks,

whereas low-salinity areas functioned as demographic sources. Breeding

metrics including the proportion of pairs breeding, clutch size, nesting failure,

brood reduction, and nestling loss all suggested greater food stress within high-

salinity areas. Temporal comparisons documented substantial declines in

reproductive performance between the 1980s and 2024 within high-salinity

study sites. High-salinity sites during the 1980s exhibited breeding performance

comparable to low-salinity sites in 2024.

Discussion: Although several factors may influence osprey productivity within the

Chesapeake Bay, we suggest that reduced availability of Atlantic menhaden

(Brevoortia tyrannus) is a primary driver of poor reproductive performance

within high-salinity waters.

KEYWORDS
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1 Introduction

Breeding ospreys (Pandion haliaetus) are considered among the most effective sentinels

of aquatic ecosystem health on a global scale (Grove et al., 2009; Henny and Kaiser, 2022).

Ospreys have a large geographic range, occupy the top of the aquatic food web, are easy to

observe and are tolerant of field research activities (Poole, 1989; Poole et al., 2002). Ospreys
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both accumulate and are sensitive to a wide range of contaminants

in the environment (e.g., Ames, 1966; Elliott et al., 1998; Golden and

Rattner, 2003; Toschik et al., 2005). Contaminants may be evaluated

at the level of specific tissues (e.g., Elliott et al., 2001; Odsjö et al.,

2004; Rattner et al., 2008; Lazarus et al., 2015a; Lazarus et al., 2015b;

Lazarus et al., 2016) or in terms of population responses making it

possible to link exposure to demographic consequences (Spitzer

et al., 1978; Clark et al., 2001; Henny et al., 2008). In addition to

their usefulness as an indicator of contaminant exposure and

adverse effects, ospreys have behavioral adaptations that adjust

brood size (via brood reduction) to provisioning rate making

brood size a general indicator of fish abundance (e.g., Poole, 1982;

Hagan, 1986; Eriksson, 1986; Bowman et al., 1989; Soyland, 2010;

Watts et al., 2024). Because ospreys hatch asynchronously, insuffi-

cient provisioning leads to food competition and the formation of a

stable dominance hierarchy within the brood maintained by sibling

aggression (Poole, 1989). Further reductions in provisioning lead to

the sequential starvation of subordinate young (brood reduction)

and ultimately nest failure (Machmer and Ydenberg, 1998).

The Chesapeake Bay supports one of the largest osprey breeding

populations in the world (Henny, 1983; Watts et al., 2004). This

population has been monitored for more than 50 years (Watts and

Paxton, 2007). Coincident with the widespread use of DDT as a

pesticide in the late 1940s, the population experienced reduced

productivity (Wiemeyer, 1971) leading to an estimated 80% pop-

ulation decline (Stinson and Byrd, 1976). The population reached a

low of 1, 450 pairs in the early 1970s (Henny et al., 1974; Kennedy,

1977). Following a cancellation order for DDT in 1972, the

concentration of DDT (and metabolites) declined in osprey eggs

(Rattner et al., 2005) and reproductive rates recovered (Watts and

Paxton, 2007). The Chesapeake Bay population responded with an

exponential recovery reaching 3, 500 breeding pairs by the mid-

1990s (Watts et al., 2004) and an estimated 10, 000 pairs today

(Watts et al., 2024, unpublished data). The rate of recovery varied

over an order of magnitude between geographic areas of the Bay

(Watts et al., 2004). Although the early recovery was centered

within the salty main stem of the Bay (>10 parts per thousand

(ppt) salinity), the more recent and ongoing recovery has been

within the lower (<5 ppt) salinity reaches of the Bay where major

tributaries receive large freshwater inputs (Watts et al., 2004, Watts

et al., 2024, unpublished data).

Researchers began to observe food stress (i.e., inadequate

nutrition due to food scarcity or low quality) in Mobjack Bay, a

sub-estuary within the Chesapeake Bay, during the late 1980s (Byrd,

1985; McLean, 1986). By the 2000s, food stress and associated brood

reduction were widespread and the reproductive rate had fallen

below the level required for population maintenance (Glass, 2007).

A forty-year retrospective evaluation (Watts et al., 2024) docu-

mented that the loss of young after hatching increased from 5% in

the mid-1970s to more than 75% by the mid-2000s. In Mobjack

Bay, the transition from a demographic source, where pairs were

producing above maintenance, to a demographic sink was associ-

ated with a 74% decline in overall provisioning rate and a shift (67%

to 25%) in diet composition away from Atlantic menhaden

(Brevoortia tyrannus). The rate of menhaden delivery to nests
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declined by more than 80% over the study period whereas the

delivery rate of other major fish species in the diet increased

(McLean and Byrd, 1991; Glass and Watts, 2009; Academia,

2022). Because the energy density for menhaden is among the

highest within the diet, the shift in diet composition away from

menhaden resulted in a 50% decline in the overall energy content of

the diet. The singular decline of menhaden in the diet reduced

energetic provisioning below a threshold for demographic stability.

A study in which nests were supplemented with menhaden dem-

onstrated that returning the menhaden provisioning rates back to

1980s levels would successfully drive reproductive rates above

maintenance levels (Academia and Watts, 2023).

Patterns in food and demographic stress documented in

Mobjack Bay invite questions about the geographic scope of

deficits. Specifically, is Mobjack Bay an anomaly or are there

other places throughout the Chesapeake Bay that are experiencing

poor levels of breeding performance? During the 2024 breeding

season, we increased the geographic footprint of osprey monitor-

ing to other study areas throughout the Chesapeake Bay to

examine broader patterns in reproductive performance and met-

rics that may help to explain drivers. Herein, we report and

compare results from high salinity sites to reference sites within

low salinity waters, as well as contemporary results to those from

the 1980s.
2 Methods

2.1 Study area and sample sites

We conducted fieldwork with osprey within the Chesapeake

Bay. We used the Chesapeake Bay Program’s salinity segmentation

scheme (https://www.chesapeakebay.net/what/maps) to delineate

waters and study areas within two salinity categories including

high (average surface salinity ≥ 10 ppt) and low (average surface

salinity <5 ppt) (Figure 1). Diet studies from the Chesapeake Bay

show that diet composition shifts with salinity (Glass and Watts,

2009; Lazarus et al., 2016) and that pairs nesting in higher salinity

(≥10 ppt) areas appear to rely on Atlantic menhaden (McLean and

Byrd, 1991) but those nesting in low salinity waters depend

primarily on catfish (Ictalurus spp.) and gizzard shad (Dorosoma

cepedianum). We selected ten sample sites within high salinity

waters and two reference sites within low salinity waters for

comparison (Figure 1). We selected study sites based on ease of

navigation and accessibility of osprey nests for monitoring. Each

sample site supported 30 to 80 osprey pairs. All sample sites are

microtidal (amplitude < 1 m) within two tide cycles-d. The osprey

population nesting within the Chesapeake Bay is migratory. Osprey

pairs return to breeding territories from South America during late

February through late March, lay clutches in early April and fledge

young from mid-June through late July (Stinson, 1976). Within the

study area, ospreys primarily nest on navigational aids, offshore

duck blinds, boat houses, abandoned docks and nesting platforms

erected by property owners.
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2.2 Osprey demography

The osprey is a long-lived species with associated high adult

survival and relatively high reproductive potential (Poole et al.,

2002). Ospreys exhibit delayed onset to reproduction. For growing

populations, recruitment into the breeding population typically

occurs during the fourth year with a smaller number entering the

population during their third or fifth year (Kinkead, 1985). Age-at-

first reproduction increases as populations reach carrying capacity

(Spitzer, 1980; Poole, 1989). Henny and Wight (1969) used osprey

band recoveries during two time periods to estimate juvenile and

adult survival and then used a matrix population model to estimate

the productivity required to sustain a stable population (Henny

et al., 1970). They estimated that first-year survival ranged from

42.7% to 48.5%, and survival for older age classes combined ranged

from 81.5% to 83.8%. They estimated that 0.95 and 1.30 young/

breeding pair/year would be required to offset mortality for the two
Frontiers in Marine Science 03
time periods with a combined estimate of 1.22. More recent survival

estimates include 60% for first-year birds and 85% for older age

classes (Poole et al., 2002). Poole (1989) estimated that 1.15 young/

breeding pair/year would be required to offset adult mortality

within the Chesapeake Bay. Spitzer (1980) extrapolated a break-

even reproductive rate (0.8 young/breeding pair/year) in southern

New England during a period of population expansion using a

combination of population growth and young production. The

break-even rate likely fluctuates as the population of floaters

(birds of breeding age that do not hold territories) expands and

contracts through time.

2.3 2024 field season

We monitored focal osprey nests (N = 571) at least four times

during the 2024 breeding season (mid-March through mid-August)

by boat to determine breeding performance. We used a telescopic
FIGURE 1

Map of the Chesapeake Bay study area including high salinity study areas monitored in 2024 and during the 1980s, and low salinity study areas
monitored in 2024. Each study area included 30–80 pairs of ospreys that were monitored to determine breeding performance.
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mirror pole to facilitate the examination of nest contents for nests

that were >2 m above the water line. The presence of adults and the

number of eggs and young in the nest was recorded during each

visit. We considered a breeding territory to be occupied if two adults

were present and associated with a nest by 15 April. Pairs arriving

after 15 April were considered to be juveniles prospecting for

territories to be used in following years. Because these birds have

not recruited into the breeding population, they were not included

in metrics of breeding performance (Henny et al., 1974). We

considered a nest to be active if direct evidence (eggs or young

detected in nest) of egg laying was recorded. We considered young

that reach six weeks of age to be of “near fledging” age and used this

as a milestone for fledging in place of directly observing first flights.

A nest was deemed to be successful if a pair produced ≥1 young to

fledging age. We considered productivity to be the number of young

reaching fledging age.

Additional metrics were derived from observations including %

of pairs that laid eggs, % of pairs that laid eggs that either were

successful or failed to produce ≥1 young, reproductive rate, clutch

size, % of eggs hatched, young loss rate, % of broods that were single

young and the probability of young surviving to fledging age. We

define reproductive rate to be the mean number of young reaching

fledging age divided by the number of occupied territories (Steenhof

and Newton, 2007). We consider clutch size to be the highest

number of eggs recorded within a nest. We estimated the % of eggs

hatching where the outcome could be determined based on obser-

vations. Eggs within nests with young older than one week were

considered to be addled. Most of these eggs were recorded in the

nest for extended periods of time. We considered all eggs to have

hatched when eggs laid equaled the highest number of young

recorded. We considered hatching to be unknown for nests where

the first observation of young was less than the clutch size. Because

some young may have hatched and been lost prior to the next visit,

our estimate of % hatching should be considered conservative. We

determined the number of young lost that could be determined

based on observations as the difference between the number of

young known to hatch and the number of young fledged. The rate of

young loss was estimated as the mean number of young lost

between hatching and fledging per pair with known outcome. We

estimated the probability of surviving the nestling period as the

number of young fledged divided by the number of young known

to hatch.

2.4 1980s field seasons

Four sample sites that were monitored during the 2024 nesting

season were also monitored during the 1980s (1985, 1986, 1987,

1988). These sites include the York River, Mobjack Bay, Piankatank

River, and Fleets Bay. Sampling schedule, approach and the metrics

derived were consistent during the 1980s with the description above

for the 2024 nesting season. Sample sizes within sampling sites were

generally lower during the 1980s with mean ± SE including 20.0 ±

2.12 pairs for Fleets Bay, 20.0 ± 1.47 for Piankatank River, 32.8 ±

2.69 for Mobjack Bay and 14.3 ± 1.31 for the York River.
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2.5 Statistical analysis

G-tests were used to compare the proportion of pairs that failed

to lay eggs, likelihood of eggs hatching, and likelihood of nesting

success. We used generalized linear models (GLMs) to estimate

clutch size, reproductive rate, chick loss, and nestling survival in

Program R v4.4.1 (R Core Team, 2024). For comparisons between

salinity zones, we used only 2024 data and grouped sites by salinity

category (high vs. low). For comparisons between study periods

(1980s vs. 2024), only data from high salinity sites were available

and, because all study sites were consistent across periods, we

included study site as a predictor rather than grouping them to

identify any site-specific trends. To account for overdispersion, we

used a quasi-Poisson regression to estimate clutch size (total

number of eggs laid). Poisson regressions were used to estimate

reproductive rate (total fledglings produced) and chick loss (total

nestlings lost). A multinomial log-linear regression was used to

estimate frequency distributions of brood size. To estimate nestling

survival likelihood, we used a beta-binomial regression and

included brood size as a predictor to account for brood size-

dependent survival and also used brood size as a weighting variable

so that larger broods contributed more to the likelihood estimation

than smaller broods. We used the Delta method to combine error

estimates when averaging survival among different brood sizes and

site-level reproductive metrics (Oehlert, 1992).
3 Results

3.1 2024 season

Breeding performance varied with salinity during the 2024

breeding season (b = -1.24 ± 0.03, p < 0.001) (Table 1) with the

magnitude of differences between salinity types increasing as birds

progressed through the breeding cycle (Figure 2). Overall repro-

ductive rate (young/pair) ranged from 0.08 ± 0.05 to 0.90 ± 0.19

within high salinity areas with all but two sites falling below 0.8

young/pair. Reproductive rate for both low salinity sites was above

1.3. Across all high salinity areas, over 66.9% of pairs produced no

young compared to 34.5% in low salinity areas. Poor breeding

performance within high salinity areas was in part driven by both

the high percentage of pairs that were never documented to lay

clutches and the high percentage of pairs that did lay clutches but

failed to produce young. A total of 132 pairs (21.7% of 487) within

high salinity sites were never documented to lay clutches compared

to 3.6% (3 of 84) of pairs within low salinity sites (G-statistic = 23.5,

df = 1, p < 0.001). Clutch size varied with salinity (b = -0.11 ± 0.03,

p = 0.002) with pairs in low salinity areas laying larger clutches (2.70

± 0.07) compared to pairs in high salinity areas (2.5 ± 0.04)

(Table 2). For eggs of known outcome, the likelihood of hatching

did not vary between high salinity (79.7%: 397 of 498) and low

salinity (73.9%: 88 of 119) areas (G-statistic = 0.29, df = 1, p = 0.3)

(Table 2). The Choptank River was an outlier hatching only 38.0%
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of eggs laid. We did not document the underlying factors contrib-

uting to low hatching but the fact that many eggs disappeared

before term suggests that they may have been taken by egg

predators. For pairs that laid clutches, the likelihood of nesting

success was nearly twice as large in low salinity (65.5%: 55 of 81)

compared to high salinity (33.1%: 161 of 355) study areas (G-

statistic = 5.2, df = 1, p = 0.011) (Table 1).
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The difference in breeding performance between high and low

salinity areas was primarily driven by brood reduction (Table 2).

Brood reduction was widespread throughout high salinity areas

with 64.1% (152 of 237) of pairs losing at least one young after

hatching compared to 25.0% (14 of 56) of pairs in low salinity areas

(G-statistic = 11.8, df = 1, p < 0.001). The proportion of young lost

between hatching and fledging ranged from 33.3% to 80.0% (eight

of the ten study areas above 50%) compared to 15.2% and 17.0% for

the two low salinity sites, respectively. The number of young lost per

pair was greater in high salinity sites (1.01 ± 0.11; universal mean)

compared to low salinity (0.32 ± 0.08) (b = 1.14 ± 0.26, p < 0.001).

The likelihood of survival was inversely related to initial brood size,

such that survival was lower with increasing brood size (b = -0.51 ±

0.17, p = 0.003). Overall mean survival of nestlings was less in high

salinity (0.47 ± 0.03; universal mean) compared to low salinity (0.84

± 0.07) sites (b = -2.61 ± 0.53, p < 0.001) and this difference was

consistent across all brood sizes (Figure 3). The result of lost young

is that brood size was lower in high salinity (1.51 ± 0.08) compared

to low salinity (2.40 ± 0.09) sites (b = -0.11 ± 0.03, p = 0.002). One-

chick broods were more common within high salinity (54.6%: 89 of

163) compared to low salinity sites (17.4%: 25 of 143) (G-statistic =

35.3, df = 1, p < 0.001).
3.2 2024 vs 1980s comparison

Reproductive performance was lower in 2024 (0.46 ± 0.06)

compared to the 1980s (1.57 ± 0.13) for the four study areas

examined (b = -1.24 ± 0.11, p < 0.001) (Table 3). The decline in

reproductive metrics was consistent among sites, though variation

was observed with the largest differences being between the site with

the lowest productivity (i.e., Fleets Bay), and both the lower York
FIGURE 2

Comparison of reproductive metrics between high and low salinity
osprey nesting sites at the Chesapeake Bay in 2024. Bar plots show
estimated mean values (± SE) for clutch size, brood size, number of
nestlings lost, and number of fledglings produced at high and low
salinity sites.
TABLE 1 Osprey breeding outcomes and reproductive performance for sample sites within the Chesapeake Bay (2024).

Site Salinity (ppt) Pairs Pairs lot laying (%) Successful pairs (%) Failed pairs (%)
Reproductive

rate (SE)

High Salinity (>10 ppt)

Choptank River 12.2 60 21.7 18.3 60.0 0.23 (0.07)

Patuxent River 12.5 49 22.4 34.7 42.9 0.51 (0.11)

Fleets Bay 15.2 38 57.9 7.9 34.2 0.08 (0.05)

Eastern Shore 19.0 57 14.0 40.4 45.6 0.75 (0.13)

Piankatank River 15.7 37 27.0 54.1 18.9 0.89 (0.16)

Mobjack Bay 19.4 75 30.7 29.3 40.0 0.40 (0.08)

York River 19.2 58 37.9 31.0 31.0 0.52 (0.12)

Poquoson River 19.6 47 27.7 31.9 40.4 0.43 (0.10)

Elizabeth River 17.8 36 27.8 47.2 25.0 0.69 (0.14)

Lynnhaven River 17.8 30 0.0 50.0 50.0 0.90 (0.19)

High Salinity 487 27.1 33.1 39.8 0.51 (0.04)

Low Salinity (<5 ppt)

Rappahannock River 4.1 33 0.0 63.6 36.4 1.31 (0.19)

James River 0.2 51 5.9 66.7 27.5 1.39 (0.33)

Low Salinity 84 3.6 65.5 31.0 1.36 (0.12)
Reproductive rate is the mean number of young fledged per pair. Salinity (ppt) represents mean surface salinity during 1985-2018 (Chesapeake Bay Program, 2023) at the midpoint of each survey
route. Bolded numbers represent overall percentages and means fro high and low salinity study areas.
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and Piankatank Rivers. The likelihood that a pair would not lay a

clutch was higher in 2024 (41.8%: 87 of 208) compared to the 1980s

(1.8%; 6 of 348) (G-statistic = 164.6, p < 0.001). For pairs that did

attempt breeding (eggs or young observed), the likelihood of failure

was greater during 2024 compared to the 1980s for all study areas

(all G-statistics > 19.0, p < 0.001) (Table 4). Combined, the

likelihood of failure was 56.2% in 2024 compared to 23.8% during

the 1980s (G-statistic = 58.4, p < 0.001). Mean clutch size was

smaller in 2024 (2.41 ± 0.07) compared to the 1980s (2.88 ± 0.07) (b
Frontiers in Marine Science 06
= -0.18 ± 0.03, p < 0.001). The difference in breeding performance

between the two time periods was mostly a reflection of young lost

after hatching. Mean number of young lost per pair was greater in

2024 (1.00 ± 0.20) compared to the 1980s (0.32 ± 0.07) (b = 1.12 ±

0.17, p < 0.001). Mean survival of hatched young was significantly

(b = -2.61 ± 0.53, p < 0.001) higher during the 1980s (0.84 ± 0.04)

compared to 2024 (0.47 ± 0.16). Mean brood size was lower (b =

-0.32 ± 0.06, p < 0.001) in 2024 (1.49 ± 0.10) compared to the 1980s

(2.06 ± 0.09).
4 Discussion

Recent observations of low reproductive rates for ospreys within

Mobjack Bay (Glass, 2007; Academia and Watts, 2023; Watts et al.,

2024) do not appear to be an anomaly. None of the ten study areas

within the high salinity waters reached the demographic threshold

(1.15 young/pair) believed to be required for population maintenance

within the Chesapeake Bay (Poole, 1989; Academia and Watts, 2023;

Watts et al., 2024). Only two of the study areas (Lynnhaven River:

0.90, Piankatank River: 0.89) reached the lower reproductive thresh-

old (0.80 young/pair) extrapolated by Spitzer (1980). These results

suggest that ospreys throughout the main stem of the Chesapeake Bay

are currently experiencing a demographic deficit that threatens

population stability. In contrast, reproductive rates for both study

areas within low salinity waters were above reproductive thresholds

for population maintenance. In the 2024 breeding season, reproduc-

tive rates within high salinity sites were similar to or below those

recorded (0.46 to 0.78 young/pair) within the Chesapeake Bay during

the height of the DDT era of the 1960s (Reese, 1970; Reese, 1975;

Wiemeyer, 1971; Schmid, 1977).
FIGURE 3

Comparison of survival likelihood for different size broods between high
and low salinity osprey nesting sites in the Chesapeake Bay in 2024. Bar
plots show estimated mean values (± SE) for survival likelihood.
TABLE 2 Osprey reproductive performance for sample sites within the Chesapeake Bay (2024).

Site Pairs
Clutch size mean

(SE)
Eggs hatched

(%)
Young loss rate

(SE)
1-young broods

(%)
Survival probability

(SE)

High Salinity (>10 ppt)

Choptank River 60 2.7 (0.09) 38.0 0.8 (0.14) 72.7 0.23 (0.07)

Patuxent River 49 2.3 (0.11) 80.0 1.2 (0.18) 58.8 0.44 (0.10)

Fleets Bay 38 2.3 (0.14) 81.8 1.2 (0.58) 100.0 0.50 (0.22)

Eastern Shore 57 2.7 (0.09) 86.8 1.0 (0.22) 44.0 0.52 (0.09)

Piankatank River 37 2.4 (0.13) 90.0 0.7 (0.17) 45.0 0.68 (0.08)

Mobjack Bay 75 2.4 (0.10) 83.6 1.1 (0.15) 68.2 0.40 (0.07)

York River 58 2.5 (0.10) 83.4 1.1 (0.19) 50.0 0.50 (0.08)

Poquoson River 47 2.3 (0.12) 79.1 1.1 (0.18) 66.6 0.46 (0.09)

Elizabeth River 36 2.6 (0.14) 91.1 1.4 (0.23) 52.9 0.47 (0.08)

Lynnhaven River 30 2.9 (0.11) 81.3 1.5 (0.29) 33.3 0.44 (0.10)

High Salinity 487 2.5 (0.04) 79.7 1.1 (0.06) 54.6 0.45 (0.03)

Low Salinity (<5 ppt)

Rappahannock River 33 2.6 (0.10) 81.4 0.4 (0.17) 14.3 0.84 (0.07)

James River 51 2.7 (0.35) 69.7 0.3 (0.09) 20.6 0.83 (0.06)

Low Salinity 84 2.7 (0.07) 73.9 0.3 (0.08) 17.4 0.84 (0.04)
Young loss rate is the mean number of young lost per pair between hatching and fledging. Bolded numbers represent overall percentages and means fro high and low salinity study areas.
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All of the breeding metrics associated with food stress [per-

centage of pairs documented to make breeding attempts, mean

clutch size, percentage of pairs failing, frequency of pairs experi-

encing brood reduction and the mean number of young lost

between hatching and fledging (brood reduction) suggest that

high and low salinity areas differ in their level of food stress.

These results are consistent with work by Glass (2007) who

compared osprey breeding performance between high and low

salinity sites within the lower Chesapeake Bay during the 2006

and 2007 seasons. In addition to the metrics recorded during this

study, Glass showed that provisioning rates (number of fish, mass of

fish, energy content of diet) and both the growth rate of young and

asymptotic (fledging) weight of young were greater in low com-

pared to high salinity areas. These metrics support the observation

that food stress in high salinity areas is greater than in low

salinity areas.

Breeding performance within high salinity study areas with

comparable data was greater during the 1980s than recorded during

2024. During the 1980s, reproductive rates were above target

maintenance levels for all four study areas examined. This result

is consistent with the forty-year retrospective within the Mobjack

Bay study area (Watts et al., 2024) and suggests that the decline in

productivity is more widespread than previously documented.
TABLE 4 Site-specific coefficient estimates from generalized linear models

(GLMs) comparing 2024 to the 1980s for each reproductive index.

Metric Site Estimate SE P-value

Clutch Size Mobjack 0.04 0.03 0.216

Piankatank River 0.05 0.03 0.132

York River 0.08 0.04 0.023

Brood Size Mobjack 0.00 0.06 0.971

Piankatank River 0.06 0.07 0.971

York River 0.18 0.07 0.008

Reproductive Rate Mobjack 0.12 0.12 0.319

Piankatank River 0.32 0.12 0.009

York River 0.43 0.13 0.001

Chick Loss Mobjack 0.03 0.25 0.898

Piankatank River –0.77 0.33 0.019

York River –0.37 0.29 0.195

Survival Mobjack 0.44 0.34 0.188

Piankatank River 1.61 0.44 <0.001

York River 1.00 0.39 0.010
Fleets Bay served as the reference site. Estimates represent the difference from Fleets Bay
within each model. P-values for sites that differed from Fleets Bay (p < 0.05) are shown in bold.
TABLE 3 Osprey breeding performance (± SE) during the 1980s (1985, 1986, 1987, 1988) and 2024 within four high salinity (>10 ppt) study areas in the

Chesapeake Bay.

Site York river Mobjack bay Piankatank river Fleets bay Total

1985-1988

Pairs 57 131 80 80 348

Reproductive rate (young/pr) 1.95 (0.17) 1.42 (0.10) 1.75 (0.14) 1.27 (0.12) 1.57 (0.13)

Pairs not laying (%) 0.0 0.0 6.3 1.3 1.8

Successful pairs (%) 86.0 72.5 77.7 70.9 76.9

Failed pairs (%) 14.0 27.5 16.0 27.8 23.8

Clutch size 2.99 (0.08) 2.86 (0.05) 2.90 (0.07) 2.76 (0.07) 2.88 (0.07)

Young lost (%) 3.4 22.4 2.4 17.2 13.2

Young loss rate (young/pr) 0.29 (0.06) 0.43 (0.07) 0.20 (0.05) 0.42 (0.09) 0.32 (0.07)

1-chick broods (%) 20.4 30.5 22.6 29.8 26.6

Brood size 2.32 (0.11) 1.95 (0.07) 2.05 (0.09) 1.94 (0.10) 2.06 (0.09)

2024

Pairs 58 75 37 38 208

Reproductive rate (young/pr) 0.57 (0.07) 0.41 (0.05) 0.51 (0.06) 0.37 (0.05) 0.46 (0.06)

Pairs not laying (%) 37.9 30.7 27.0 57.9 41.8

Successful pairs (%) 31.0 29.3 54.1 7.9 30.2

Failed pairs (%) 31.1 40.0 18.9 34.2 56.2

Clutch size 2.50 (0.07) 2.40 (0.06) 2.90 (0.07) 2.31 (0.08) 2.41 (0.07)

Young lost (%) 50.0 60.0 33.3 66.7 50.1

Young loss rate (young/pr) 0.89 (0.16) 1.33 (0.18) 0.60 (0.14) 1.29 (0.32) 1.00 (0.20)

1-chick broods (%) 50.0 68.2 45.0 100.0 57.1

Brood size 1.68(0.11) 1.41 (0.09) 1.48 (0.10) 1.40 (0.11) 1.49 (0.10)
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Differences in productivity between 2024 and the 1980s were

comparable to the findings between high and low salinity areas in

2024. All of the breeding metrics associated with food stress

declined between the 1980s and 2024. Both low salinity sites in

2024 and high salinity sites in the 1980s exhibit little indication of

food stress.

A large percentage (27.1) of pairs within high salinity study sites

were not documented to make breeding attempts in 2024 in

contrast to 3.6% of pairs in low salinity study sites and 1.8% of

pairs in high salinity sites during the 1980s. Nonbreeding pairs

arrived from wintering grounds during the normal time (late

February – early March), remained resident throughout the nesting

season and defended territories. Unlike the other metrics that have

been associated with food stress, the documentation of such a large

number of pairs that did not attempt breeding is novel. The

influence of food limitation on breeding is well-studied in birds

(Martin, 1987; Ruffino et al., 2014). One common finding in food

supplementation studies has been that females provided additional

food lay clutches earlier than controls, suggesting that insufficient

food may constrain a female’s ability to reach breeding condition.

Glass (2007) observed that clutch initiation dates were significantly

earlier (mean difference was 5 days in 2006 and 12 days in 2007) in

low salinity sites compared to high salinity sites. Foregoing an entire

breeding season was not anticipated and may suggest severe food

limitation. Additional investigation and experimentation may help

to clarify the role of food in this behavior (Newton, 1998).

Food stress and subsequent brood reduction in ospreys has been

well documented. Henny and Kaiser (2022) monitored the osprey

population on Hyatt Lake in Oregon before and after treatment

with Rotenone (used to eliminate the fish community) and restock-

ing. Treatment resulted in a reduction in fish abundance, osprey

provisioning rates, osprey clutch size and osprey productivity and

an increase in osprey brood reduction. Kushlan and Bass (1983)

documented a 58% decline in the osprey breeding population

within Florida Bay and suggest that this was driven by reduced

fish abundance. This contention was supported by documentation

of low provisioning rates, low productivity, sibling aggression and

brood reduction (Poole, 1985; Bowman et al., 1989). Eriksson

(1986) found that brood reduction and low productivity were

associated with low provisioning rates for ospreys on lakes of

southwest Sweden. Harmata et al. (2007) working within four

study sites in Montana (one segment of river and three reservoirs)

found that the site with the lowest provisioning rate (grams of fish/

hour) had the lowest productivity. Soyland (2010) found that a

decline in cutthroat trout (Oncorhynchus clarkii) in Yellowstone

Lake was coincident with a decline in productivity, an increase in

osprey foraging outside the lake, and a population decline on the

lake. Responses by breeding ospreys to declines in primary prey

species within other study areas are consistent with observations

within high salinity areas of the Chesapeake Bay during 2024.

4.1 Potential mechanisms driving poor
reproductive performance of ospreys

Several documented and suspected factors other than food

stress could be contributing to nest failures within the
Frontiers in Marine Science 08
Chesapeake Bay including stressors that influence clutch/brood

survival (nest predators, weather, contaminants) and those that

may disrupt breeding (nest competitors, disease) (Reese, 1991;

Reese, 1996; Watts and Paxton, 2007; Kilpatrick et al., 2007). The

role of mammals in nest failure has declined over the past several

decades as nesting ospreys have shifted substrate use (Reese, 1969;

Henny et al., 1974; Watts and Paxton, 2007). Prior to the 1950s

nearly all osprey nests were built on dead and live trees. By the

1990s overwater structures (e.g., navigational aids, duck blinds,

osprey platforms) accounted for more than 90% of nesting sub-

strates (Watts et al., 2004). A shift to overwater structures has been

associated with a decline in mammal predation (Houston and Scott,

1992). During 2024 we documented (using nest cameras) two

(0.4%) nests predated by mammals including a three-egg clutch

taken by a raccoon (Procyon lotor) and one egg and two young just

after hatching taken by an American mink (Neogale vison). Fish

crows (Corvus ossifragus) have increased significantly throughout

the Bay region over the past fifty years (Sauer et al., 2019) and

specialize on bird eggs and broods (McGowan, 2020). Fish crows

were common to abundant within most study areas during the 2024

nesting season and may have accounted for the disappearance of

some eggs and small young. Under normal circumstances, crows

have not been considered a threat to nesting osprey (Poole et al.,

2002). We observed two instances of crow predation on clutches

during the 2024 season (Watts et al., 2024, unpublished data). Both

occurrences followed females leaving nests unguarded after receiv-

ing no fish from the male for more than twenty-four hours,

suggesting an interaction between food stress and vulnerability to

crows. Great horned owls (Bubo virginianus) are well-known

predators of osprey broods (Forys et al., 2021) and occasionally

kill adults (Cold, 1993). This nocturnal predator has been docu-

mented to take osprey broods within the Chesapeake Bay (Reese,

1970) and within some of the study areas used in 2024 (Watts et al.,

2024, unpublished data). The influence of owls on nesting osprey is

generally limited to their nesting territory, and although they may

take broods in successive years from the same nest, their impact is

typically local rather than widespread. The most common pattern of

brood loss observed in 2024 was also not consistent with owl

predation. Owls generally take an entire brood over a short

period (Steidl, 1990) compared to brood reduction where young

are lost sequentially over a longer period. We also have no reason to

suspect that owl predation would be more acute within high

compared to low salinity study areas.

The bald eagle (Haliaeetus leucocephalus) population within the

Chesapeake Bay has recovered since the 1960s with a high average

annual rate of increase (8-12%; Watts et al., 2007; Watts and Byrd,

2022). As eagle populations have recovered throughout their range,

researchers have documented adverse effects on other waterbirds

(e.g., Norman et al., 1989; Parrish et al., 2001; Henson et al., 2019),

including osprey (Ogden, 1975; Cruz et al., 2019). Ogden (1975)

observed that osprey nesting within Florida Bay temporarily relo-

cated to other keys following colonization by bald eagles and

attributed these responses to aggressive territorial behavior when

eagles had eggs or young. Cruz et al. (2019) evaluated the potential

influence of factors associated with a decline (>20 to <5 pairs) in

nesting osprey within Voyageurs National Park (1988-2012).
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Several bottom-up factors (e.g., fish abundance, weather, foraging

habitat) and one primary top-down factor (bald eagle nests) were

evaluated. The increase in bald eagles was the best predictor of

declines in nesting osprey and their productivity, though the

specific mechanisms of the interaction were not assessed.

However, there was no indication of competition for prey suggest-

ing some alternative mechanism (e.g., territoriality, predation). Bald

eagles are known osprey brood predators (Flemming and Bancroft,

1990) and have been documented to take both eggs and broods

within the Chesapeake Bay (Watts, Center for Conservation

Biology, W&M, 2021-2024, unpublished data). No studies have

examined the impact of brood predation by eagles on osprey

reproductive rates. We deployed at least four motion-triggered

cameras on nests within all study areas (N > 50 nests monitored

with cameras) (Watts, Center for Conservation Biology, W&M,

2021-2024, unpublished data). Cameras captured more than one

million images during the nesting season. Bald eagles did not appear

in a single image suggesting that eagle predation is relatively rare.

This is consistent with observations made during fieldwork in 2024

and over past decades. We estimate that high salinity waters of the

Chesapeake Bay support more than 5, 000 osprey pairs suggesting

that pairs would have lost in the range of 5, 500 young during the

2024 season. Given the infrequency of bald eagle predation events,

consuming this number of young is implausible. If brood predation

reflects eagle density, then we would expect ospreys within low

salinity waters to suffer the greatest loss to predation. Bald eagle

population recovery within the Chesapeake Bay has varied with

salinity (Watts et al., 2006) such that by 2002 eagle breeding density

was four-fold greater within low salinity compared to high salinity

waters. The divergence in density has continued such that by 2016,

low salinity waters supported fifteen-fold greater bald eagle density.

Despite dramatically greater eagle densities, osprey productivity

within low salinity waters was more than double that recorded

within high salinity waters. Bald eagles are well-known

kleptoparasites on many waterbird species (Elliser et al., 2022),

other eagles (Knight and Skagen, 1988) and ospreys (Prevost, 1979).

Prevost made detailed observations of eagle interactions with

foraging ospreys in Nova Scotia and found that the consequences

of food-robbing were minimal. Of 1, 793 fish captures made by

ospreys, only two were taken by eagles which is less than the

number of fish dropped accidentally. Thus, evidence does not

support the notion that bald eagles are the primary driver of poor

osprey breeding performance in 2024.

Adverse weather has been shown to affect osprey breeding

performance in many populations (Odsjö and Sondell, 1976;

Poole, 1989; Poole et al., 2002) and within the Chesapeake Bay

(Reese, 1991). Osprey broods within the first two weeks after

hatching are particularly vulnerable to exposure during extended

periods of cool temperatures and rain. However, Johnson et al.

(2008) working in Idaho and Washington examined the frequency

of rainstorms during the nesting season and found that years with

late storms that included >1.3 cm in rainfall adversely affected

productivity presumably due to impaired foraging conditions. This

result is in contrast to Stinson et al. (1987) who found that weather

conditions had no influence on hunting behavior or foraging

success in northwestern Washington. Within the Chesapeake Bay,
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weather was responsible for 5% of nest failures (N = 1, 761) between

1966 and 1979 (Reese, 1970, 1975). Wind and rain were responsible

for 50% of weather-related egg losses and 66% of nestling losses

(Reese, 1991). Impacts of weather may be episodic. In 1972, tropical

storm Agnes killed 18% of nestlings produced in the Chesapeake

Bay. Tyrrell (1936) mentioned several nestling ospreys apparently

suffering from heat stress in the Chesapeake Bay. Periods of extreme

heat are common throughout the Bay region during the late

summer. During the 2024 nesting season the Chesapeake Bay did

not experience exceptional weather events that would be expected

to drive broad-scale brood failure.

Several other bird species utilize osprey nests for breeding and

may usurp them from osprey pairs (Poole et al., 2002). Most of these

species are resident and initiate nesting before osprey return to

breeding grounds. Within the Chesapeake Bay, these species include

bald eagles, red-tailed hawks (Buteo jamaicensis), great horned

owls, peregrine falcons (Falco peregrinus), great blue herons

(Ardea herodias), great black-backed gulls (Larus marinus), and

Canada geese (Branta canadensis) (Watts et al., 2024, unpublished

data). Only gulls and geese used osprey nests within study areas

during 2024. A single nest was used by a pair of great black-backed

gulls and only late in the season after the osprey pair had abandoned

the nest. Canada geese used osprey nests within all study areas (e.g.,

Rattner and Day, 2024). The resident Canada goose population has

experienced a 15% annual rate of increase since the 1970s (Dolbeer

et al., 2014; Sauer et al., 2019). Geese now usurp osprey nests

throughout much of North America (e.g., Henny et al., 1978; Airola,

1987; Fields and Pagel, 2016). Although geese may disrupt breeding

for some pairs, their influence at the population level is not clear.

Canada geese often initiate nesting before osprey return and early

nesting geese may conclude nesting in time for osprey to use the

same nest leading to no disruption. Later nesting pairs of geese may

disrupt osprey nesting. Disruption typically occurs during the first

years after colonization by geese when ospreys are delayed as they

build new nests. Pairs that build alternate nests in the first year often

do not experience disruptions in following years. Pairs with high

site fidelity may experience disruptions for several years. We

documented 84 geese using osprey nests within our study area

representing 10% of nest structures examined during the initial

establishment of study areas. Because our focus was osprey pairs,

goose nests were not included in our samples and so had no direct

influence on reproductive rates. However, it is possible that pairs

displaced by geese were included in our sample and may have

suffered breeding delays or failure to nest. Within study areas that

we have monitored for years, goose nests have been observed for

some time and osprey pairs have moved on to nest on other

structures. Because several study areas were new in 2024, we are

unable to fully evaluate potential disruption by geese. However,

given that we did not include goose nests in our sample, we believe

that the impact of recently disrupted nests on our broader results is

likely minimal.

Due to their position as a high trophic level predator, ospreys

will always be exposed and potentially vulnerable to contaminants

that are introduced into the aquatic food web. Ospreys have been

subjected to a wide range of contaminants throughout their North

American range (Henny et al., 2010) and within the Chesapeake
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Bay (Wiemeyer, 1971; Rattner et al., 2004; Rattner et al., 2008; Slabe

et al., 2019). Legacy pesticides and metabolites, including p, p’-DDE

associated with eggshell thinning, and other persistent organic

pollutants (e.g., polychlorinated biphenyls) that were detected in

both adult ospreys and their eggs (Wiemeyer et al., 1987) have

declined over the decades, and are not currently believed to

suppress reproduction (Lazarus et al., 2015a). Concentrations of

heavy metals continue to be greater within industrialized portions

of the Bay when compared to more rural areas but are not believed

to be affecting reproduction at current levels (Rattner et al., 2008;

Slabe et al., 2019). Other emerging and more contemporary

contaminants (e.g., polybrominated diphenyl ether flame

retardants, perfluorinated compounds) and pharmaceuticals that

move through the food chain have been detected in ospreys but

have not been documented to affect health or reproduction (Lazarus

et al., 2015b, Lazarus et al., 2016). Reproductive rates recorded

during the 2024 nesting season are below those reported during the

height of the DDT era. In contrast to the 1970s (Wiemeyer, 1971;

Wiemeyer et al., 1987, Wiemeyer et al., 1988) when poor repro-

ductive success was due to impaired hatching success, the low

productivity recorded during 2024 was principally due to

brood reduction.

Numerous pathogens and parasites have been identified in

ospreys breeding in the Chesapeake Bay (Reese, 1991). Most of

these do not have the potential to cause population-level effects. In

1994, an outbreak of avian cholera (Pasteurella multocida) occurred

in the Chesapeake Bay and killed an estimated 36, 700 birds of 57

species, including ospreys (Hindman et al., 1997). West Nile virus

reached the Western Hemisphere in 1999 and has affected many

bird populations (Kilpatrick et al., 2007). Ospreys were not listed

among 22 raptor species examined in western North America that

tested positive for West Nile (Nemeth et al., 2009) and had one of

the lowest positivity rates among raptors tested in Georgia (Ellis

et al., 2007). The emergence of the most recent strain (H5N1, clade

2.3.4.4b) of highly pathogenic avian influenza (HPAI) in 2021 has

spread rapidly on a global scale and has caused very high mortality

in some bird groups (Ramey et al., 2022; Gamarra-Toledo et al.,

2023). Vulnerability to avian influenza appears to vary between

ecological groups (Gunther et al., 2024). There has been no evidence

that HPAI is affecting osprey populations based on a surveillance

program in New York and Minnesota with no positive cases

involving ospreys (N = 15 ospreys; Hall et al., 2024; Meade et al.,

2024). From 2020 to 2025, there were 210 cases of HPAI in wild

birds of Maryland and Virginia (33 involved bald eagles), but none

documented infection in ospreys (U.S. Department of Agriculture,

2025). It is noteworthy that the Virginia Department of Wildlife

Resources submitted three dead ospreys collected from the

Chesapeake Bay in August 2024 to the University of Georgia

College of Veterinary Medicine for analysis, and these tested

negative for both HPAI and West Nile virus (Southeastern

Wildlife Cooperative Disease Study, 2024). In addition, accession

records were obtained for 159 ospreys admitted to five rehabilita-

tion facilities in the vicinity of the Chesapeake Bay in 2024 [written

communication from: Leigh-Ann Horne, Wildlife Center of

Virginia, Waynesboro, VA on January 12, 2025 (Wildlife Center
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of Virginia, 2024); Malia Hale, Owl Moon Raptor Center, Boyds,

MD on December 14, 2024; Andrea Howey-Newcomb, Tri-State

Bird Rescue & Research, Inc., Newark, DE on December 13, 2024;

Gay Frazee, Wildlife ER, Jamesville, VA on December 30, 2024; Jen

Riley, Blue Ridge Wildlife Center, Boyce, VA on December 16,

2024). In these records, no infectious diseases were diagnosed.

Notably, 53 of the 159 accession records provide a diagnosis of

“emaciated”, “debilitated”, “thin” and/or “starvation”. In addition,

recurring harmful algal blooms have affected large numbers of

waterbirds in portions of the Chesapeake Bay (Rattner et al., 2022),

but have not been linked to mortality events in ospreys (Lankton,

2022). There is no indication that disease affected osprey reproduc-

tive rates during the 2024 breeding season or had an influence on

the observed disparity between high and low salinity sites.

4.2 Potential role of menhaden for nesting
ospreys in high salinity portions of the
Chesapeake

Nesting ospreys within the higher salinity reaches of the

Chesapeake Bay are believed to be menhaden-dependent

(McLean and Byrd, 1991; Glass and Watts, 2009; Academia and

Watts, 2023; Watts et al., 2024). Menhaden are a schooling fish with

a very high energy density making them efficient to capture and

ideal for brood-rearing. Broad patterns in food-stress metrics and

reproductive deficits in 2024 suggest that menhaden abundance was

inadequate to support a stable population. This finding is consistent

with previous years (Glass, 2007; Academia and Watts, 2023; Watts

et al., 2024). Observations for ospreys are consistent with trends

reported for the commercial menhaden bait harvest (Potomac River

Fisheries Commission, 2024). Landings in 2024 (313, 921 kg) were

the lowest in 61 years, were only 34% of the previous low set in 2023

(930, 326 kg), and were less than 10% of the long-term average (3,

188, 005 kg). There is also the possibility of a food web cascade effect

related to inadequate menhaden abundance. Notably, many species

of fish in the Chesapeake Bay are dependent on menhaden as prey

(Hartman and Brandt, 1995; Uphoff, 2003; Buchheister et al., 2017),

with striped bass (Morone saxatilis) being one such species that are

commonly captured and consumed by reproducing osprey (Lazarus

et al., 2016).

The Atlantic menhaden is the focus of the largest fishery on the

East Coast and the stock is managed by the Atlantic States Marine

Fisheries Commission (ASMFC). The ASMFC considers Atlantic

menhaden along the entire Atlantic Coast (Nova Scotia to Florida)

to be composed of a single stock and classifies current harvest levels

to be sustainable (Southeast Data Assessment and Review (SEDAR),

2020; Southeast Data Assessment and Review (SEDAR), 2022).

However, treatment of the fisheries as a single stock masks spatial

and temporal patterns of abundance. Ospreys provision young with

menhaden that typically range from 10 to 25 cm (19.1 ± 0.37,

N = 253; Watts et al., 2024, unpublished observations). This size

range suggests that ospreys are primarily using menhaden in the 2

to 4-year age classes (Schueller et al., 2014). We currently have no

fisheries-independent monitoring of adult menhaden within

Chesapeake Bay. This critical information gap prevents a direct
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assessment of the relationship between osprey reproduction and

menhaden abundance on a local scale.

The Atlantic menhaden has a complex natural history

(Ahrenholz, 1991). The species spawns in ocean waters along the

continental shelf and is a filter feeder throughout its entire life cycle.

Several factors have been suggested to influence the abundance of

menhaden within the Chesapeake Bay including sources of mor-

tality such as commercial harvest, predation and competition and

factors influencing recruitment (Ahrenholz et al., 1987; Buchheister

et al., 2017; SEDAR, 2020). Menhaden have been harvested com-

mercially for more than 200 years. Harvest policy has evolved in

recent decades from no management to maximum-sustainable-

yield to the development of models designed to evaluate the

tradeoffs between commercial take and ecosystem services

(Anstead et al., 2021). Using an ad-hoc approach, the ASMFC

board reallocated menhaden to ecosystem services in 2017 and

reduced the harvest cap in the Chesapeake Bay to 51, 000 mt. The

impact of harvest on the abundance of adult menhaden within the

Chesapeake Bay remains controversial primarily because we do not

have the abundance data required to evaluate the relationship

between harvest and menhaden abundance (Watts and Hines,

2025). Many predators including fish (Walter et al., 2003; Scharf

et al., 2004), birds (Viverette et al., 2007; Watts et al., 2023) and

marine mammals (Smith et al., 2015) depend on menhaden as prey.

Estimated consumption by fish predators alone is comparable

to the current commercial harvest (SEDAR, 2020). Because men-

haden are pelagic planktivores that occur in large schools, the

availability of plankton may exert a controlling influence on

abundance via inter- and intra-specific competition. Although

these have not been demonstrated they remain a likely outcome

during times of plankton scarcity. Menhaden larvae depend on

transport currents to reach nearshore nursery areas and are sensi-

tive to temperature, salinity, water quality and other local environ-

mental factors (SEDAR, 2020). Within Chesapeake Bay, early

season rain and freshwater discharge frommajor tributaries appears

to have a bottom-up influence on phytoplankton blooms, zoo-

plankton availability, and the concentration of juvenile menhaden

(Kimmel et al., 2009). Spatial and temporal variation in zooplank-

ton abundance has an influence on adult menhaden (Friedland

et al., 2011). The Chesapeake Bay is predicted to experience a wide

range of changes related to climate shifts over the next few decades,

many of which are directly relevant to menhaden abundance

(Najjar et al., 2010). Most of the factors posited to influence

menhaden abundance are beyond management control. One of

the primary factors that is subject to management control is

commercial harvest.

4.3 Potential for density-dependent effects
on osprey reproduction

Following the DDT lows, the Chesapeake Bay osprey popula-

tion has grown exponentially increasing from 1, 450 to 3, 473 pairs

between 1973 and 1995 (tdouble = 18.1 years) and from 3, 473 pairs

to an estimated 10, 000 pairs between 1995 and 2024 (tdouble = 19.1
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years) (Henny et al., 1974, Watts et al., 2004; Watts and Paxton,

2007; Watts et al., 2024, unpublished data). Given this large increase

in population size, it is possible that osprey pairs are now experi-

encing density-dependent processes that may impact reproductive

rates. One common ecological constraint that may arise from

increasing density is resource (nesting substrate and food) deple-

tion. The number of substrates suitable for nesting is known to limit

the number of pairs nesting in a given area and so may impose a

ceiling on population size (e.g., Poole, 1989; Saurola, 1997).

However, substrate limitation alone would not influence reproduc-

tive rates. There is also little evidence that increasing osprey

populations deplete prey. The metabolic demand of the osprey

population in the Chesapeake Bay is not on a scale that would be

expected to exert control over or deplete menhaden. Ospreys are a

small consumer within the context of the broader Chesapeake Bay

ecosystem where populations of predatory fish consume the equiv-

alent of commercial take (Uphoff, 2003; Chagaris et al., 2020). Even

during the period when menhaden accounted for 75% of the osprey

diet, the population would have consumed only 0.004% of the

commercial landings (McLean and Byrd, 1991).

A second density-dependent process that may impact reproduc-

tive success is behavioral interference. Ospreys are a social species

that often nest in dense aggregations referred to as “colonies” (Poole,

1989) where pairs benefit from nesting near other pairs by gaining

increased synchrony and protection from nest predators (Hagan and

Walters, 1990), getting information about prey location (Greene,

1987), and reducing foraging time through local enhancement

(Flemming et al., 1992). Despite the benefits of nesting in dense

aggregations, it is possible that population growth may lead to

behavioral interference. Bretagnolle et al. (2008) working in Corsica

(1974-2004) found that despite an increase in provisioning rate with

breeding density, productivity and fledging success exhibited negative

density-dependent effects. They found no influence on clutch size or

condition of young at fledging. The authors attributed the reduced

productivity to an increase in territorial intrusions and behavioral

interference by nonbreeding (floater) ospreys. Interference may have

changed the time budgets of breeding adults though the increase in

provisioning rate does not suggest this mechanism. Investigations of

reproductive rates within other recovering populations in Oregon

(Witt, 1996), France (Wahl and Barbraud, 2014) and Germany

(Canal et al., 2018) found no density-dependent effects. Population

recovery throughout the Chesapeake Bay has been spatially variable

(Watts et al., 2004), with growth rates in low salinity reaches ranging

from two to ten-fold higher compared to high salinity reaches. Due to

the high growth rate within reference sites, nesting density is

comparable to high salinity sites suggesting that density is unlikely

to be the primary driver of observed differences. Nesting densities are

high within all study areas and territorial intrusions are regular

events. During trapping activities through the years, it has been

reasonably common to trap both adults and have a third adult come

into the nest to incubate. Given that nesting densities have been high

throughout the study areas for a long period of time, behavioral

interference does not appear to explain recent changes in reproduc-

tive rates.
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5 Conclusions

Ospreys are well-known sentinels for aquatic ecosystems both

as indicators of environmental contaminants and as metrics for fish

stocks. The Chesapeake Bay supports a large osprey population that

has been responsive to previous changes in ecosystem conditions

(Watts and Paxton, 2007; Lazarus et al., 2015a, Lazarus et al., 2016).

During the 2024 breeding season, osprey productivity within high

salinity reaches was well below the level required for population

maintenance. Although several factors are operating within this

ecosystem that may affect productivity, we suggest that Atlantic

menhaden availability is the primary driver of low reproduction.

This conclusion is consistent with both a 40-year retrospective

(Watts et al., 2024) and response to an experimental manipulation

of menhaden provisioning (Academia and Watts, 2023). As sug-

gested by Poole (1982) food stress and associated reproductive

failure in ospreys are reversible if fish stocks are managed to fulfill

their role within the ecosystem.

A large degree of uncertainty remains about the status of adult

menhaden within the Chesapeake Bay. Although the ASMFC has

indicated that the stock along the Atlantic Coast has not been

overfished (SEDAR, 2020), the status and trends of adult menhaden

within the Chesapeake Bay have not been evaluated. To more fully

resolve this uncertainty, assessments of menhaden abundance could

enhance understanding of their role within the ecosystem and

support management of consumers that depend on them.
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