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poultry and —0.89% for the Starling. Thus it appears that the relative sizes of the yolks in the three
species are similarly conservative with respect to variation in egg size.

The wet weight of the albumen was highly correlated with fresh egg weight * = 0.92, P < 0.001),
and the correlation between the albumen dry weight and egg volume was similar (» = 0.93); the pro-
portion of albumen in the egg was positively correlated with increasing egg weight, but not significantly
(r = 0.347, P = 0.06). Variation in egg size in the Great White Pelican therefore appears to depend
mainly on the amount of albumen laid down, as is also the case in the Starling (Ricklefs 1977a) and
Herring Gull (Larus avgentatus) (Parsons 1976, Condor 78: 481).

As in the Starling, variation in the lipid fraction of the yolk (between 61.5% and 69.5%) was not
correlated with either yolk size or egg size, nor with the relative size of the yolk. Nevertheless, because
of the positive relationship between yolk size and egg size, larger eggs contained greater absolute amounts
of lipid, although in relative terms, as a result of the negative correlation between egg size and propor-
tionate yolk size, larger eggs contained proportionately less lipid overali * = —0.42, P < 0.01).

In order to facilitate comparison with future studies, these relationships may be expressed more con-
veniently as the regression coefficients of the log values of the various egg components on log fresh egg
weight (Ricklefs in litt.). Thus the slope of the regression of log wet weight of yolk on log fresh egg weight
was 0.53 = 0.12; log wet weight of albumen on log fresh egg weight was 1.17 * 0.10; and log yolk lipid
weight on log fresh egg weight was 0.55 * 0.14.

Energy per gram of fresh egg (including shell) seems commonly to be above 1.6 kcal'g~" in precocial
species and around 1.1 kcal-g~!in altricial ones, whereas the eggs of the Brown Pelican were intermediate
at 1.37 kcal-g™! (Lawrence and Schreiber 1974, Ricklefs 1977b). The same calculation for the Great
White Pelican, using constants of 9.5 kcal-g~! for lipid and 5.65 kcal-g™"' for nonlipid dry weight, gives
a value of 1.06 kcal-g™!, typical of altricial species. The difference between the two pelican species
evidently derives from the proportionately greater amount of dry matter in the egg of the Brown Pelican.
Whereas the egg of the Great White Pelican is twice as heavy as that of the Brown Pelican, the dry
weight of the yolk is greater in the ratio of only 1.7:1 and the dry weight of the albumen is proportionately
even less, in the ratio of only 1.2:1 (Lawrence and Schreiber 1974). These differences remain unexplained.

1 wish to thank the Chief Game Warden, Botswana, for permission to collect the eggs, and Isla Jones
for help in analysing them. Received 18 September 1978, accepted 8 November 1978.

The Relationship Between Prey Species Ecology
and Dive Success in Ospreys

JoN E. SWENsON'
Department of Biology, Montana State University, Bozeman, Montana 59717 USA

Lambert (1943) first reported on dive success of Ospreys (Pandion haliaetus). Since then, several studies
nave analyzed various physical parameters affecting Osprey foraging, including tides (Ueoka 1974) and
weather variables (Grubb 1977a). The relative success of dives from hovers and interhovers (Grubb
1977b) and the dive success of adult and juvenile Ospreys in the same area (Szaro 1978) have also been
investigated. The relationship between prey species and foraging success has received little attention,
although Nesbitt (1974) found substantial differences in dive success in two areas with different prey.

Here I synthesize studies reporting Osprey dive success and prey species captured under natural
conditions in 13 areas, as reported in the literature. Dive success (the proportion of observed dives that
were successful) is used as the measure of Osprey foraging success, as it measures the relative ease of
capture. It would be less influenced by prey availability than other foraging parameters, such as foraging
time required per fish caught. Also, dive success is less influenced by weather conditions than other
foraging parameters (Grubb 1977a).

The studies compared here were conducted in a variety of habitats, including coastal, estuarine, river,
and eutrophic, mesotrophic, and oligotrophic lake environments. Water depth and clarity, prey avail-
ability and abundance, and weather conditions varied. Because all of these variables could not be
monitored, and may not have been equally important, only dive success and prey species ecology were
considered here.

! Present address: Montana Department of Fish and Game, Box 36, Rosebud, Montana 59347 USA.
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Fig. 1. Relationship of Osprey dive success and prey species foraging indices on 13 study areas. The
results from Newnans Lake, Florida are circled; see text.

Dive success was determined in the same manner in these studies: by direct observation with binoculars
and spotting scopes during the breeding season. The composition of prey was determined by the analysis
of prey remains at nests and feeding perches [Garber 1972, MacCarter 1972, Nordbakke 1974, Szaro
1978, Swenson 1978 (at Yellowstone Lake)], or by identifying the fish at capture [French 1972, Nesbitt
1974, Ueoka 1974, Lind 1976, Grubb 1977a, Prévost 1977, Swenson 1978 (at Yellowstone River)].

To quantify the relationship between dive success and ecology of the prey, a “prey species foraging
index” was calculated for the Osprey diet in each area. This index grouped fish into three broad categories
according to foraging behavior: fish that feed primarily upon benthic organisms (a score of 0); fish that
feed on limnetic organisms, excluding fish (1); and piscivorous fishes (2). Both obligate and facultative
piscivores were included in the final category. The proportion of each prey species was multiplied by the
foraging score, and the scores were added for all the prey species taken in each area. The resulting index
could vary from 0.0 (only benthic-feeding fishes captured) to 2.0 (only piscivorous fishes captured). In
the above calculations, the species composition of ‘“‘unidentified fishes” in each study was considered to
be identical to the composition of the identified portion of the diet. It was recognized that Qsprey dive
success in each area was the composite of possibly different rates of dive success for each prey species
taken in that area.

It appeared from the results of the 13 studies that benthic-feeding fishes were most easily captured,
and that piscivorous fishes were most difficult to capture (Table 1). The correlation between Osprey dive
success and the prey species foraging indices (Fig. 1) was statistically significant (* = —0.58, df = 10,
t = —2.37,P < 0.05). Only the Newnans Lake data deviated to a great degree from the correlation in Fig.
1. These data may represent a special case, because many dead and moribund shad were observed at the
lake. These shad die after spawning (Nesbitt pers. comm.), and although Nesbitt (1974) disregarded
captures of dead fish in his calculations, the moribund shad were probably especially vulnerable to Osprey
predation. Therefore, these data are probably biased. If the data from Newnans Lake were excluded, the
correlation would be improved (* = —0.86, df = 9, ¢t = —5.338, P < 0.01).

The prey species foraging indices accounted for about 74% (%) of the observed variation in dive success
(excluding Newnans Lake). Apparently, the foraging behavior of the prey species was an important factor
in determining Osprey dive success.



Short Communications [Auk, Vol. 96

410

S paynuaprup)
13 0 19%9ns asouduo]
88 1 non jEOIYNND  06°0  (£S1) LY (8261) uosuamg  JUTOAA) ‘9YP] QUOISMOJPX
(Snw01s09D2 SNULOYSOIDY))
(1261) umoig (o) 0 193ons 3asouduor]
(r261) umorg 06 I (134017 owpg) I0OI) JROIYNND  06°0 (£¢) 8 (8.6T) UOSUIMG  SUTWICAA ‘I3ATY SUOISMO[[2X
81 0 ($1SU20YD} SMUL07507D7)) 1I9YINS 30YB],
(1261) umoag 123 1 (242Up41D3 0UYDS) INOI) MOqUIBY
8 I qngo gy, 080 (9¢€) 95 (zL61) 12qIeD BILIONR)) ‘9ye] 3[3ey
(PS61) Adswryf IS4 1 (4070219 $21230%4¢1$) QYO I, uo3aIQ
(1261) umoig LS 1 Jepruoules 00’1 (09 8s 9.61) pury ‘II0AIISIY dLIIRIJ dUIRI)
(6961) Lz paynuapun)
UNIB 3] +9 0 (aepojoiquiy) ydadumg  S1°0 (099°T) 8S (FL6T) ©0a) RIWIONR)) ‘ABg jp[oquni]
11 pagnjuaptun)
(1161) umorg 9z 1 ('ds wmdososd) qsyanym
(SM2aY204YIDUW SNULOYSOID)))
(1.61) umoig 68 0 19ons afedsadie]  0€'0 (z02) s9 (2161) 1911 IRN BUBJUOIA ‘9B peayie]
(z961) (Snuv21UWD SNII2U0INIIGOPNIST) BNOJ3G BAON
‘Te 19 de] +06 0 Ispunog IM - 00 (892°7) 69 (£261) 1504314 ‘anoqaey ystuodnuy
(66T) Yo To (1524035 SMYIULALES) F[PWS JYBIN PIUIOIIED)
66T UM 86 w0 (smsona4d snsawod ) Yows Js 00 (pb1) 69 (zL6T) Youd1g “f9R10) [es() JO WO
a paynuoptupn)
4 (sap1ouyns sn4a1dortpy)
sseq ynow-agie|
(1,61) umoag [ 4 (SnI0INIDUOLIIU SIXOWOJ)
aiddexd yoerg
4 ("ds szmoda7) ysyung
1 (asuauazad " () peys ugpeaiyy,
(r961) uprem & 1 (wnup1padar vwososo() peys prezziy 7'l 262) 16 (L261) NISIN BPLIO[] ‘9B SUBUMIN
21028 (%) 11 421008 ¢59133ds Aa1d 1ofepy Xaput (%) JDUIIIYY vy
3urdeioj 1oy ur uon 3uide 3utde  $s930ns
UIIY -1odoxg -101 -10} ETN (g
s3I0
-ads
Aaig

'$S300NS JAIP pue sapads £31d A31dsQ jo

SOIPNYS €1 JO SI[NSAI Y} JO Alewwing °T ATV,



411

Short Communications

April 1979]

“31Y ur Js0[ Bjep [RuldLIO ‘Ojewinsy ,
‘jans mofreys Aa ul Buumedg
*azts adureg ,

‘snosoatdsid onzuw = 7 ‘snotoapsiduou dHBUWI = [ OIYIUIQ = 0
‘% ¢ ueyy ss3f Buistdwod s31ads JupnpPxy ,

8 0 ($212f shy1y213105)) USRI BIAG
(8961) IrepURy Lz 0 (smpoydas ji3ngy) W pading
(snsoynqQau uorIsoul?))
(89671) [repuey ¥9 4 noqy papyads  0¢'1 ($ZD) 61 (8L61) orezg BPUOT ‘493 3SI0UBIG
(‘wwod siad
6 4 qsyung - S6°1 (,0s) 8 ‘v261) MGsaN BPUO[ ‘durelq souded
(£961) snny 8 1 (snas1onay snas1InaT) 3R
(£961) snny 91 4 (syvrany DI g) YOI
(£961) snny Y4 4 (sn2ong x0s77) aqid ulayIoN
(2961) snnjy 43 4 (smp1r snosona) 310 S9°1 O11) $¢  (PL6T) 3 eqpioN AemIoN ‘paoljoppr
34 14 ("ds sixomog) sridder)
(8961) Irepuey 4y 0 (smpqunq smynpy) WM S6°0  (£87) 9¢ (BLL6T) QqnID) BPUO[] ‘93109) Y]
1025 (%) 101p 31038 £$9139ds A31d 10fepy xoput (%) ERIESEIEN | vy
3uideaoy 10y ur uon Wiwm 3uide  ssadons
ERIERRI )Y -1odoig -10,] -10§ EYN (4 |
Sa1D
-ads
Ad1g
‘ponunuo)) ‘I ATIAV],



412 Short Communications [Auk, Vol. 96

Benthic-feeding fishes appeared to be more vulnerable than limnetic-feeding fishes to Osprey attack.
Morphological and behavioral adaptations related to procuring food from the bottom may limit the ability
of benthic-feeding fishes to perceive attack from above. Their attention may be concentrated on the
bottom to a greater degree than fishes not dependent on benthic food. Piscivorous fishes, due to their
predatory habits, may be comparatively swifter than nonpiscivorous, limnetic fishes. This suggests that
Ospreys may select benthic fishes over other fishes when they are equally available, because they are
comparatively easier to capture, but Ospreys are obviously adaptable and do not require them.

I am grateful to those who helped with this study. Robert L. Eng supervised the Yellowstone study
and Steven A. Nesbitt allowed me to cite unpublished data. They and Yves A. Prévost improved the
manuscript with their critical reviews. Robert McFarland ran the statistical tests. The Yellowstone study
was supported by the National Park Service under RSP Project YELL-N-66 and conducted in cooperation
with the Department of Biology, Montana State University. This is published as Paper No. 924, Journal
Series, Montana Agricultural Experiment Station.
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