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FOOD PROVISIONING, PREY COMPOSITION,  
AND NESTING SUCCESS OF OSPREYS  
IN NORTHWESTERN CALIFORNIA 
Michael acadeMia, humboldt State University, One harpst Street, arcata, 
california 95521; mha23@humboldt.edu

The Osprey (Pandion haliaetus), with a nearly worldwide breeding distribution 
and a tolerance for both fresh and salt water, feeds almost exclusively (99+%) on 
fish (Grove et al. 2009). The availability of prey is an important factor influencing 
its productivity (Van daele and Van daele 1982, harmata et al. 2007). Time spent 
on foraging is a function of prey availability, and success in breeding may be related 
to food provisioning (dykstra 1995) as well as the food supply (croxall et al. 1988). 
Under favorable conditions, provisioning rates are elevated, and birds fully meet their 
own energetic requirements and those of their chicks (cairns 1987, Weimerskirch 
1998). Proximate causes of nest failure include bad weather, avian and nonavian 
competitors, and predation, as well as insufficient care by inexperienced parents. if 
the weather is bad, the adults may be unable to forage (hudson 1985). however, 
the ultimate cause of nest failure may often be food shortage (Steenhof and Newton 
2007); for example, a female unable to provision her chicks abandons her brood, 
which is then vulnerable to predation. 

identification of prey is a foundational element of animal ecology (errington 1935), 
and, for raptors, the types of prey and their distribution can affect population shifts 
(Newton 1979). hence an understanding of diet is fundamental for the successful man-
agement and conservation of these birds (Giovanni et al. 2007). here i report on the 
composition of the prey of Ospreys nesting along the coast of northwestern california 
and measure the relationship between nesting success and food-provisioning rates.

From 15 May through 15 august 2018, i spent145.63 hours observing six nests 
along the coast of humboldt and del Norte counties (to quantify rates of provision-
ing and fledging; Figure 1) and 119.75 hours at the mouth of the Klamath River (to 
observe foraging). Ospreys were observed by means of a Barska 30–90 × 90 Water-
proof colorado Spotter spotting scope and Wingspan Optics Nature Pro hd 8 × 42 
binoculars. i used a Panasonic lumix dMc-FZ300K digital camera to photograph 
prey. With the assistance of andrew Kinziger of humboldt State University’s Fisheries 
Program, i identified each fish to the lowest taxonomic level possible (at least to family).

i defined successful foraging as a male Osprey returning to the nest with prey 
and successful provisioning as delivery of that prey to the female and chicks. Other 
behaviors noted included failed attempts at foraging, defense against predators, 
territorial defense, perching, preening, resting, nest refurbishment, incubating, and 
abandonment (neither adult present). 

i calculated nest success and productivity by the method of Steenhof and Newton 
(2007). Nest success is the proportion of nesting pairs that raise young to the age 
of fledging, on the basis of well-grown offspring observed in the nest at some point 
before fledging. i divided the number of successful nests by the total number of active 
nests observed. Productivity is calculated per territorial pair as the number of young 
produced that reach the minimum age acceptable for assessing success (Steenhof and 
Newton 2007). Therefore, i divided the number of fledglings by the total number of 
active nests observed. 

i compared the time allocated to provisioning and other activities between suc-
cessful and failed nests, and calculated the standard deviation of this difference. 
With RStudio 3.5.2, i used a Pearson’s chi-squared analysis with Yate’s continuity 
contingent to determine if there was a significant difference between provisioning of 
successful versus failed nests. 
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Figure 1. location of the six Osprey nests monitored and the mouth of the Klamath 
River, site of observations of Osprey foraging, in humboldt and del Norte counties, 
northwestern california. 

Table 1 Prey of Ospreys Observed in humboldt and del Norte counties, 
california 

Prey species
Number of  
prey items Percent of total

american shad, Alosa sapidissima 105 20.4
Jacksmelt, Atherinopsis californiensis  19 3.7
Pacific lamprey, Entosphenus tridentatus  50 9.7
Salmon and trout, Salmonidae 130 25.3
Sculpins, cottoidea    7 1.4
Smelt, Osmeridae  35 6.8
Starry flounder, Platichthys stellatus    4 0.8
Surfperch, embiotocidae  52 10.1
Unknown 112 21.8

Total 514  
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Table 2 Time Spent in Provisioning and Other activities by Ospreys 
Monitored in humboldt and del Norte counties, california

activity (minutes)

Breeding status Provisioninga Otherb Total

Successful 3756 2258 6014
Failed 618 2465 3083

Total 4374 4723 9097

aSuccessful foraging and prey consumption by adults and young.
bFailed attempts at foraging, perching, preening, resting, defense, incubating, nest refur-
bishing, and abandonment (neither adult present). 

Figure 2. Percent composition of the prey of Ospreys foraging at the mouth of the 
Klamath River (MK) and brought to six nests in humboldt and del Norte counties, 
california. Nest a fledged two young, nest B three, and nest e one. Nests c, d, and 
F failed.
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The identified prey consisted primarily of the non-native american shad (Alosa 
sapidissima), salmon and trout (Salmonidae), Pacific lamprey (Entosphenus triden-
tatus), surfperch (embiotocidae), and jacksmelt (Atherinopsis californiensis; Table 1, 
Figure 2). The time spent provisioning was greater at successful nests than at failed 
nests (χ2 = 1466.7, df = 1, p < 0.001; Table 2, Figure 3). Three of the six nests 
fledged young (50% nesting success), and productivity was 0.83 young per active nest.

at successful nests, Ospreys spent more time on successful food provisioning, 
while those at failed nests spent more time on other activities, such as defense against 
predators, perching, and preening (Figure 4). according to Pearson’s chi-squared test, 
the difference was strongly significant, suggesting that a nest’s success is associated 
with greater success in foraging and higher rates of provisioning (p < 0.001; Table 
2). For maintenance of a stable Osprey population, long-term productivity must aver-
age 0.95–1.30 young per active nest (henny and Wight 1969, henny 1977), so the 
pairs i monitored may have had a poor year in 2018, in spite of the Osprey’s recent 
trend of vigorous population increase (Sauer et al. 2017). 

in evaluating the expansion of forage fisheries, managers may use data on prey 
composition. My study may inform ecosystem-based fisheries management, a holis-
tic management approach that considers trophic interactions (NMFS 2016). in the 
Klamath River, the proliferation of a dominant prey species, the non-native american 
shad, introduced from 1871 to 1881, could have implications for native salmonids. 
it is uncertain if the shad is a harmful invasive species or a benign introduction (has-
selman et al. 2012), as interactions between it and native salmonids have not been 
studied (Brown and Sax 2007). 

Special thanks to darren Ward, andre Buccheister, Jose Marin Jarrin, andrew 
Kinziger, and desiree early of Green diamond corporation, who granted me access 
to private property, to Kenneth Burton and chet Ogen for nest locations, to Melissa 
collin for the study area map, to Max Blasdel for the prey-composition figures, and 
to Benjamin P. Skillman for the RStudio analysis. Thanks to daniel cooper, Ryan 
Terrill, and an anonymous reviewer for improvements to the initial version. 

Figure 3. Percentage of time that Ospreys devoted to provisioning and to other 
activities at three successful nests (Sd = 18.7) and three failed nests (Sd = 10.3). 
lines within each bar represent one standard error.
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Figure 4. Percentage of time Ospreys devoted to provisioning and to other activities 
at the six nests monitored in humboldt and del Norte counties, california. Nest B 
fledged three young, nest a two, and nest e one. Nests c, d, and F failed.
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BOOK REVIEWS
Field Guide to Bird Sounds of Western North America, by Nathan Pieplow. 
2019. houghton Mifflin harcourt. 633 pp. Many drawings, photos, figures, spectro-
grams. Recordings and spectrograms of all the sounds also available as supplemental ma-
terial at www.petersonbirdsounds.com. Paperback, $28.00. iSBN 978-0-547-90557-0.

like many of you, i have bookshelves overflowing with all sorts of bird books—to 
the point where i have adopted a personal policy of buying a new one only if it re-
places one i have, or if it represents a unique contribution. When Nathan Pieplow’s 
earlier eastern version of this guide appeared, there was no question that it met the 
second requirement. That book sits within arm’s reach of my desk. living in the West, 
however, i have been eagerly awaiting the completion of the set with the publication 
of a western version.

Pieplow has created the first comprehensive publication covering the sounds made 
by North america’s birds. But that does not represent his most valuable contribution. 
That lies in the introductory material. in those sections he gives us a systematic way to 
listen to bird sounds, to describe them, to remember them, and to communicate with 
others about them. Most of us distinguish the trilled songs of the chipping Sparrow 
and dark-eyed Junco by the junco’s song having a ringing, more musical quality than 
the somewhat mechanical sound of the chippie. But Pieplow shows us what those 
subjective descriptions mean in objective, visible terms. That sort of information can 
be applied to a variety of comparisons of similar songs and calls. he gives us five 
basic and easily remembered ways to describe a single note’s pitch pattern. This not 
only makes it easier to recognize notes, it allows us to explain to others what to listen 


