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Studv Historv: Captive rearing of seabird nestlings at the Kasitsna Bay Laboratory. 
Kachemak Bay, Alaska. began during the summer of 1996 (APEX Project 96 1 G3N). 
Experi~nental feeding trials were continued during the sumnler of 1997. The field 
component of this project has been completed and a final report will be si~bnlitted in 
Sep~ember, 19C)Y. 

Abstract: Declines in the availability of certain schooling forage fishes (capelin /bf~rllo/tr.s 
~,tllo\zt.\. Pacific sand Iruice ,41nnio~!1:/c.v ~ L ' . Y L I ~ / ~ ~ I I . Y .  I'aci tic herring ( 'llll~ctr / I L ~ ~ ~ I I S ~ / \  

jxrllel.\i) have potentiall contributecl to the lack of recovery of' some fish-eating seabirds 
(Pigeon Guillemots C'el2ph~l.v colrlmt~tr. Common Mi~rres Uriu L I L I ~ ~ C ,  Marbled Murrelets 
B~~cr~~hyrcrmphzrs n7urmorattr.s) tl~at were injured by the E,r,ron Vcrlder oil spi l I .  These 
fishes tend to have I~igll lipid content and, conseqi~ently. are assumed to have high 
nutritional value as food for nestling seabirds. We tested whether conlposition ofthe diet 
IS  one factor constraining the growth and development of piscivorous seabirds. We 
raised seabird nestlings (Black-legged Kittiwakes RIS.SL[ t r i~ ie~cty l~~ and Tufted Puffins, 
FI-lrrcrczller cirrhota) in captivity on rations of either capelin. sand lance. or herring, as 
representative of high-quality forage fish. or walleye pollock (Ther(1gr.u ch~rlco~lvlme~) as 
representative of low-quality forage fish. Experimental diets consisted of iso-biomass 
~lnd iso-caloric rations of low- and high-lipid fish types. Seabird nestlings fed rations of 
capelin. sand lance or herring had higher grocvth rates of body Illass and wing length than 
nestlings fed the same biomass of pollock. Puffin chicks fed iso-caloric rations of 
pollocli. capelin. or herring showed little difference in rates of nlass or wing growth. but 
the capelin and l~erring fed chicks deposited larger fat reserves than the chiclts fed 
pollocl, Differences iri mass gain between nestlings fed the different rations were 111ore 
pronounced than differences in wing growth. suggesting that undernoi~rished nestlings 
allocate food intake nlore to structural development than body mass. We conclude that 
the lipid content and nutritional quality of forage fish fed to nestlings has a marked effect 
on gro~vtli rates and. potentially. on reproductive success. 011~ consequence of subs is ti^ H_ 

o n  pollo~l, 1115tead ofl~plci-rich I'or~~ge hpecies is that predators must espenci n~ol-c rncl.g> 
and catch more prey to meet the energ! recluirements o f t h e ~ r  offspring I n  addition. 
nestl~ngs fed lower lipid diets deposit less fat reser\.es. potentially reducing post-tledging 
s i ~ r ~ i v ; ~ I .  These conclusions provide more s~ipport for the hypothesis that recover} of 
seabird resources that bere injured by the Exson Valdez oil spill is dependent on 
recovery of certain key forage tish stocks, especially capelin. sand lance. and herring. 

I<ev Wol-ds: black-legged kitticvake. capelin. captive feeding trials. chick growth. 
herring. 1ipicl:protein ratio. sand lance. pollock. tufted puffill. 
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Abstract. - Declines in availability of certain schooling forage fishes (capelin 

iLlcl1loru.v vi1lo.su.s. Pacific sand lance A~?~mo~!v/e.s hexcrpter~r.~. Pacific herring C'lul~ecr 

11~1r.cng~is ~ L I I I L I . ~ ~ )  potentially contributed to declilnes in nesting success ofsonle fish- 

eating seabirds in Alaska. These forage fishes tend to have high lipid content compared 

~vitli that of other forage fishes. and. consequently. are assumed to have high nutritional 

value as food for young seabirds. LVe tested the hypothesis that type oftis11 consumed 

constrains the growth and developme~~t of piscivorous senbircls. We rili~ed seob~rcl 

~lestlings (Black-legged Kittiwakes. Risstr iri~l~lctylu and Tufted Puffins. Fr~r~~rcz~I t r  

cirr-l7~rta) in captivity on equal biomass rations of either capelin, herring, or sand lance 

and compr~red their gro~vth with that of nestlings raised on juvenile walleye pollock 

(Ther~rgrlr chulco,qr~irntr), (representative of low-lipid forage tislies). Seabird nestlings 

fed herr~ng. sand lance. or capelin had higher grotvth rates (body mass and wing lensth) 

t11ali nestlings fed juvenile pollock. Differences in mass gain were nlore pronounced than 

differences in wing growth. suggesting that nestlings fed lower-lipid diets allocate 

assimilated nutrients more toward structural development than to deposition of body 

mass 1'11~1s. the lipid content ot' thrnge fish fed to nest~inss h r ~ s  LI mnrhcd rlreci o n  

g~.o\vth r~ltcs and. potcntiall!. on prc- and post-tleclging sill-\ i \  r ~ l  This concl~~slon 

provides support for the hypotliesia that the demograpli) of piacik orous sc~lbircls In 

Alaska is dependent on certain key forage fish stocks. especially capelin. sand lance. iund 

herring. 

Ke) words. - Black-legged Kittinnhe. cr~pelin. captive feeding trials. chicl\ gl.o\\tIi. 

herr~ng. pollock. sand lance. se~ibirds. 'I'~~fted P ~ ~ f f i n .  

Runn ing  head: D~ct  and Seabird Growth 



INTRODUCTION 

Recent declines among populations of top trophic level predators in tlie northern Cri~lf 

of' Alaska have been linked tv decreasing a\  ailabilit! 01' forage tishes (Men-ich el ;I]. 

1987, Hatch et al. 1993. Piatt and Anderson 1'196). Several species ol'xnbircts. inclucling 

Marbled Murrelets (Br~1ci7ylvlml,hu.\. m~vmoru/l/.s). Common Murres (Ilr-it/ c1~11:<e), and 

Pigeon Guillen~ots (Ceppht~.~ coltlmhn), have experienced population declines in this area 

over the last two decades. Recently, total failure of breeding seabirds lias been recorded 

repeatedly at se~era l  sites (e.2.. Cllisili 1.. Middleton 1.).  A lack of preferrecl Ibrage lislies 

durit~g the nestins season has been hypothesized as one factor leading to lo\c productivity 

(Hatch et al. 1993). 

A mqjor change in the taxononiic composition of diets of several seabird species lias 

been observed in the northern Gcll f of Alaska. concurrent with pop~~latioti declincs n\:er 

tlie past 20 years. Sollie species Iia\!e s\\.itched froni diets domin:ltec! b!, c3pl;'Iili 

(~L l~ i l l o / z~ .~  V I ' I I ~ J . I . I J . ) .  Pacitic sand lance ( A ~ ~ I I O ~ & . ; L . . Y  hextlj>/ei.l~.~,. LIIIC: I';l;i lic lierrin: 

(C'll~petr htrren,yz~.s) to diets do~ninated by juvenile walleye pollock ( T h e r ~ ~ g r ~ ~  

chalcogrumcr) and other gadids (Piott atid Anderson 1996). Due to generally lower lipid 

colitcnt a n d  Io\vcr e11c'l.gy dt'nsity (Ii.l/g li1.t' nl;lss). ,juvenile pollock are considel-ed lower 

cl~lality p1.e). than other tisli c o ~ i i ~ i i o ~ ~ l y  found in diets of nestling seabirds (Baisd 100 I .  

Van Pelt et ~11. 1997. Anthony et al. Unpubl. 121s.). The lipid content oFcaprlin. s;~~ict 

lance. and herring is genel-ally t \ ~ o  lo ~ O L I I -  times t11;lt of.juvenile pollock. ~11id energy 

density cr11i be t~vice that o f  polluck. depending on ses and age clilss (Van I'elt et al. 1007. 

Antlion! c (  a!. I.inpilhl. 111s. 1. 



If reproducti\ e success of seabirds is directl! related to the nutritional clualil! 01' 

available forage fish, then adult seabirds that rely on low-lipid prey to provision their 

young may experience lower productivity (Nettleship 19C)0. Martin 19SC1). For exanlple, 

recent reproductive hilures among Black-legged Kittiwakes nesting in Prince William 

Suund, Alaska have been linked io forage tish availability, especially the availability of 

Pacific herring (Irons 1996). Reproductive success in seabirds is dependent. in part. on 

the parent's ability to capture and transport food energy from the foraging area to the nest 

(Ricklefs 1983. Roby 199 1 ). If parent scabircis provide their young ~b it11 an cq~~i \~ ; l l rn t  

amount of food energy in the l i ~ r m  ofjuvenile pollock (or another low-lipid I'urase fish) 

as they can provide in sand lance. herring. or capelin. they nlay Iiave to feed [heir u u n g  

' I \ '  coll~ts~ll l l~s.  t\vice the biomass of food. This may not be possible due to time and cnc.r=- 

unless pollock are readily available close to the colony. Increased foraging effort by 

parent seabirds may also expose them to higher risk of predation or other stress - related 

ii~ortality. Consecluently. slower gro~vtll and lower tledging nlass would be expected in 

nestlings t td  primarily low-lipid foragt i;slits. The pretiictec; res;:lt ivould be tewer 

nestlings surviving to fledge and locver post-tledging survival. 

.l'his r~'se;ircIi \\.as ciesigned to provide ;I better ~ ~ ~ i c e r s t ~ i l i ~ i  ol'the relntionsliip 

bct\\.een diet qualit!. and seabird producti\.it!. Captive nestlings kci co~itrollcd rations of 

different tbl-age kish species were useel to test the hypothesis that differences in prey t>pe 

result in differences in the gro~vt11 and development of seabird nestlinss. LC'e predicted 

that seabirtl nestlings fed diets ot'c~tpelin. sand lance. or herring woulci gro\v ;lncl cie\lelup 

mure rapidly than nestlings fed the same J~lily rrltiun ofjuvenile ~TolIo~li. CVt. also 



predicted that these diet-related differences would occur regardless of the taxon of 

seabird used in captive feeding trials. 

METHODS AND MATERIALS 

The research design ~~til ized a combination of captive feeding trials and laboratory 

analyses. Captive feeding trials were col~ducted at the Kasitsna Hay I.;lbor;~~or!. 01'1llt\ 

Institute of Marine Science, University of Alaska Fairbanks. di~ring the summers of 1996 

and 1997. The Laboratory is located on Kachemak Bay near the town of Seldovia in 

South-central Alaska. Captive feeding trials were conducted following a protocol 

approved by the Institutional Animal Care and Use Committee at Oregon State 

Two species of colonial, piscivorous seabirds were chosen for captive feeding trials: 

Black-legged Icittiwakes (Ri.csu fr.i~l(~lc.tj//ct) and Tufted Put'fins ( / ; ~ ' L I I c ~ ~ c z ~ / L I  c . I ' ~~ I~ ( I I c I ) .  Tlie 

former is a larid that forages at c)r near  Llle S L I I , ~ ' ; I C ~ ~  b j  p i ~ l ~ ~ g e - i ; . \ i ~ ~ , .  ~vhiic the latter ih an 

alcid that forages by pursuit-diving to considerable depth. 130th are commo!i hreecl~ng 

species in the northern Gulf of Alaska. 

Chicks used in the study were collected from either East Anlatuli Island in the Barren 

Islands. ,4laslin or horn colonies in I<achemal\r Bay under permits held by the Alaslia 

U~olog~c:il Sc~ence Center. Dur~ng 1906. 14 Black-legged tiitti~cake chicl\s and 14 

Tufted Puffin chicks were removed from their nests at 6-1 0 days post-hatch (_+ 3 days) 



and 5-  1 8 days post-hatch (k 3 days). respectively. In 1997. 12 kittiwake chicits and 12 

pufiin chicks were removed at 3-9 days post-hatch (+ 3 days) and 4-1 7 days post-hatch 

(+ 3 days). respectively. Kittiwake cliiclis  ere ilgc~l fro111 ;I c o~ i ib i~ i ;~~ io~ i  o1'11ici1. h o c l \  

niass and wing length. using regression equr~tio~is for wing lengtli and body mass as :I 

f~unction of age. The equation was derived from known-age chicks i n  Prilicc M'illiam 

Sound, Alaslta (D.B. Irons, unpubl. data). Tufted Puffin chicks were also aged fro111 a 

combination of wing length and body mass using regression equations derived from 

known-age chiclts on Aiktak Island. Alaska (Piatt and Romano, unpubl. data). 

Young cliiclts were kept under heat lamps for several days after removal from their 

nests to preclude any possibility of liypothermia. All chiclts were held indoors, in 

individual cages througho~lt captive feeding experiments. Cages consisted of covered 

plastic bucltets with the bottom cclt out and replaced with a floor of galvanized hardware 

cloth so that excreta could drain out. Each cage measured approximately 50 urn  deep and 

40 CIII in diameter. We attempted to keep subjects under natural photo-period but the 

light period was extended during the puffin feedin, trials using fluorescgnt i;pl~ts during 

evening feedings. All chicks were kept at ambient temperatures between 16 and 20°C 

tlirougl~out the captive feeding experinients. 

During 1996 the sample of kittiwake chicks was evenly divided into two diet groups 

(N=7 per treatment). each receii'ing a daily ration of either 100 g of age class 2; (205- 

265 Inm standard length) juvenile walleye pollocli. or 100 g of adult and juvenile (57-145 

IUIII standard length) Pacific sand I ~ ~ n c e .  During 1007 the sample of kittiwake chicks ivas 



again divided evenly into two groups (N=6 per treatment). with each nestling rccci\.ing a 

claily ration of either 100 g of' age class 2+ ( 161 -264 nim standard length) walleye 

pollock. or 100 g of age class 1 +(I 29- 14 1 mm standard length) juvenile Pacific herring. 

All chicks were fed their respective experimental diets beginning at 13 days post-hatch 

and tile experiment was terniinated at 3 1 days post-hatch. The age at the elid of the 

feeding trials was chosen as the earliest possible fledging age. Before begilllliilg tile 

feeding trial at age I3 clays. each bird was fed an t ~ d  lihitlutn diet of equal amounts of the 

high- and low-lipid forage fishes. Data from the lcittiwalces fed 100 glclay pollocl< were 

pooled for the two years because no signiiicant between-year differences ibert. Ii)und 

(using a two-sample t-test) in either the enersy density of pollock (t=0.2 16. df=40. 

P=O.S30), or in fledging body lllass (t=0.569, df=l 1, P= 0.581) or fledging wing length 

(t=1.307, df=l 1. P= 0.21 8) of lcittiwalces fed pollocli. 

The sample of puftill chicks collected in 1996 was evenly divided into two diet 

y.uups (N=7 per Lreatment), with each receiving a daily ration of either 80 g of age class 

2+ (205-265 lnnl standard length) walieye p ~ i i o c k  (a low-lipid Gsli', 01-80 g of capelin 

( 7  1 - 103 111111 standard length)(a high-lipid fish). During 1997. the sample of puffin chicks 

was again divided into t\vo diet groups (N=O per treatnient) receiving a daily ration of 

either 100 g ot'age class 1 + ( 143- 170 nlm standurcl length) \vallc> c pollocl\ or I00 g 0 1 '  

age class 1 + ( 139-1 4 1 IIII-II stanclarci length) Juvenile I'ac~tic herring ( L I  h~gh-lipicl Iibh). 

All puffin chicks were fed their respective experimental diets beginning at I c, days post- 

hatch and the experinlent was terminated at 40 days post-hatch. The ase at the end of the 

keding trials was chose11 as the earliest possible tledging age. Bel'ore beginning  he 



feeding trial at 19 days. each bird \\as fed run  l ihi~irln~ diet of equal amounts of the 

high- and low-lipid forage tishes. 

All chiclcs were fed four times per day. Meals were weighed out in pre-weighed 

alurnin~tli~ pans using an Okaus electronic balance (+ 0.1 2). Each chick was fed by 

placing the aluminun~ pan in its cage. Lab personnel ~voc~ld then checli the cages LO lnake 

sure each bird had consumed its enlire meal. 

During 1997 all subjects received a vitalllin supplement. Birds received one half of a 

"Seatabs" vitamin supplement in their final food ration of the day (Pacific Research Labs 

Inc.. El Cajon. CA). The dosage, reconlmended by aviculturists from the Oregon Coast 

Aquarium. included 50 nlg of thiamine. Piscivorous seabirds Icept in captivity often 

develop a thiamine deficiency due to being fed frozen tisll. There was no evidence that 

the vitalnil1 supplement affected the gro~vtll of subjects compared to those raised without 

Varirlbles that were measured daily for both IciLtiulakes and puftins in l7otl: !cart; 0 1 '  

the study included: ( I )  body Illass (measured with an Ohaus triple beam balance. + 0. I g). 

(2)  wing length (measured flat on a ruler, + 1 mm). (3) culrnen length (n~easured wit11 

calipers. k 0.1 mm). and (4) tarsus length (measured with calipers. If: 0.1 mni). The only 

c'\c~cl~~ioti \\a'.; that t :~rsi~s length \\.;is n o t  nie:~s~~recI for I\rirti\vake nestlinss in 1996. ,411 

meusurcments were taliell daily between 0S:OO and 10:00 ADT. prior to the lirst feeding 

of the day 



A variety of methods were used to collect fishes used in the captive feeding 

esperime~~ts .  All capelin and sand lance \ifere capti~red in either be:~cli seines o r  c:lsr ncts 

in Kachemali Bay. Alaska during late June and early July 1996. Age class I + pollock 

were collected via trawl during a National Oceanographic and Atmospheric 

Administration research cruise in the Bering Sea during June 1997. Age class 2+ pollock 

were collected via trawl during two Alaska Department of Fish and Game research 

cruises i n  I'rince LVillia~n Sound, Alaslta in May 1996 and May 1997. Juvenile herring 

were purchased during May and June 1907 from a comn~ercial baitfish supplier in 

Anchorage, Alaska. 

Sanlples of the various fishes that were fed to captive kittiwake and pi~ffin chicks 

were shipped frozen to the laboratory at Oregon State University. where they were 

subjected to prosilllate analysis. 111 the lab. fish specime~ls were individually weighed 

and measured. then dried to constant Illass in a convection oven at 60' C to determine 

water content. The dried tish were then thorougllly grourid using a mortar and pestle and 

lipid content was determined by solvent extraction using a soshlet apparatus and 

hexane/isopropyl alcohol 7:2 (v: v) as the solvent systenl (Radin 198 1). Lean dry fish 

san~ples were then ashed in a mufile furnace at 600°C for 12 hours in order to determine 

ash-free lean dry mass (ca. 04% protein: Monteveccl~i et al. 1984) by sitbtraction. Energy 

content of chick ci~ets \\ere calculated from the prosin~ate composition (perccnt \Later. 

l ip~d, ash-free lean dry matter Iprotein]. and ash) of fish ;dong with p~~blishecl energy 

equivalents of these fractious (39.4 kJ/g lipid: 17.5 kJ/g protein: Sch111idt-Nielsen 

19'17. I71 ). 

0 



Means of final body Inass for kittiwakes on different diets were co~npared using a 

Krusltal- Wallis ANOVA analysis 017 ranked data and Dunn's n~e t l~od  for multiple 

comparisons. Dunn's  neth hod was chosen over other multiple comparison proceclures 

because it accomlnodates differences in sample size. Standard ANOVA could not be used 

because the kittiwake Inass data did not meet the assu~nptio~ls of equal variance, both 

before and after several transformation attempts. Means of final wing length for 

kittiwakes were compared among cliet groups L I S ~ I I ~  one-way ANOVA ancl a Tikey test 

for pairwise ~nultiple comparisons. Plea11 linal bod! mass and mean l i n ~ ~ l  wing length for 

pi~ftins on different diets were compared using [-tests. ' I  lie l ip~d content o l ' I \ ~ ~ ~ ~ \ \ a l \ t .  ancl 

puffin diets coc~ld not be compared using ANOVA because the assiunption of equal 

variance was not met (for both raw and transformed data). A Kruskal-Wallis ANOVA 

was perfornled on the ranked data and comparisons were made using Dunn's method for 

multiple comparisons. Data on energy content of specific forage fish were log 

transformed to accommodate differences i n  sample variance. After transformation. meall 

daily energy intalte of the kittiwakes were compared using one-way ANOVA and a 

Tukey Test for pairwise multiple ccln~par;sons. Following lo& transformation mean daily 

energy intake for puffins were compared using t-tests. 

All subjects adjusted quickly to captivity, sc~rvived for the duration 01' the captive 

feeding trials. and exhibited little variation in grotvth and development rate within each 

speciesldiet sroup. All Iiitti\\ake and puftin chicks readily consumed whole prey from the 

tirsr feeding: no force-teeding \bas requirecl. 



There was a significant difference among the 3 diet groups in average body nlass of 

kitticvaltes at the end of the feeding trials (Kruslcal-Wallis analysis on ranks. df = 2, P < 

0.001; Fig. 1 a). Kittiwake i~estlings on the polloclc diet were signiiicantly lighter by the 

end of the feeding trials than 1;ittiual;eb on either ~ h c  san~l Iancc (Dunn's in~.thucl ul' 

multiple comparisons, P < 0.05) or herring (Dunn's method of n~ultiple con~parisuns. I' -. 

0.05) diets (Table 1). Kittiwake fledglings that had been raised on the herring diet Ilad a 

significantly higher average body mass than fledglings raised on the sand lance diet. 

Puffin fledglings raised on the herring diet (100 glday) were significantly heavier at 

the end of the feeding trials than pufiins raised on the polloclc diet (1 00 g/day)(t = 8.096. 

df = 10, P < 0.00 l)(Table 1). Puffin fledgliilgs raised on the capelin diet (80 glday) had a 

significantly higher average body mass than puffins raised on the pollock diet (80 glday) 

( t  = 12.739. df = 12. P < 0.001) (Table 1 b.c). 

There was a ~ i ~ n i t i c a ~ ~ t  clii'fc'lznce among tile , d i ~ . ~  groups in average wing length of 

kittiwakes at the end of the feeding trials(AN0VA. F2.14 = 54.408. P < 0.001 : Fig. 23). 

Pre-fledging wing length for kittiwakes fed the pollock diet was significantly less than 

that of kittiwakes fed either sand lance (Tukey test, P < 0.05) or herring (Tukey test, P < 

0 05). There was no signiiicant difference between the pre-fledging wing length of 

I,~tti~val,es fed e~ther sand It~nce or herring diets (Tuhey test. P > 0.05) (Table I ). 

The pw-tledging wing length of puffins fed the herring diet ( 100 glday) was not 

s~gnlficantly d~fferent from that of piiffilins fed the pollock diet ( 1  00 g/day)(t = 0.792. cif= 

I I 



10, P = 0.447)(table 1). Puffins fed the capelin diet (80 glday) had significantly greater 

pre-fledging wing length than pufiins fed the pollock diet (t = 4.494. df = I?. P < 

0.00 l)(Table I ,  Fig. 2 b,c). 

Differences in body Inass gain between chicks fed high-lipid fishes vs. chicks fed 

pollock were much more pronounced than differences in structural growth (i.e., wing 

length)(Figs. 1 Sr 2). 

Lipid content of age class 2+ pollock (2.2% wet mass) was significantly less than the 

lierrinf ( 1  0.9% wet mass)( Dunn's method of multiple comparisons. I' < 0.05). c~~pel in  

(8.7%)( P < 0.05). or sand lance (6.00/0)( P < 0.05) ([able 2). Age class 1 + pulluck haci a 

sigiiificantly lower lipid content (6.4%) than herring (Dunn's method of ~ilultiple 

comparisons. P < 0.05) or capelin ( P < 0.05). yet there was no significant difference i l l  -. 

lipid content between age class 1 + pollock and sand lance (P > 0.05) (Table 2). 

There was a signiiicant diii'ei-ence in the energy dehitj/ of the 3 diets fed to kittiwake 

nestlings (ANOVA, k2.w = 155.0. 1' < 0.00 1). The average energy density of diets ied to 

kittiwakes were highest for herring, lowest for pollock, and intermediate for sand lance 

('Pukey test. P < 0.05) Averaye energy density of diets fed to piiftins \\ere higher for 

Iierring than for age cl;~ss 1 + pollocl; ( t  = 10.24C>. ell‘= 42. P ( 0.00 I ) anct Iiiyher for 

- 9 -  cupelin that1 for age class 2+ pollocl, ( t  = 10.823. clt = 3.1. 1' ,* 0.00 I )( P~iblc 2 )  

Kittiwakes fed the pollock diet consunied approximately 373 kJ/day (SE = 10.4). 

whereas kittiwal<es fed the sand lance diet consumed r~pprosiniately 527 I;.l/ct;~!. (SI: = 

12 



8.2) and kittiwakes fed the herring diet collsumed approximately 7 17 kJ1day (SE = 16.4) 

(Fig. 3). Puffins fed the polloclc diet ( 1  00 glday) received approximately 528 kJ/day (SE 

= 16.9) and puffins fed the herring diet (100 glday) consumed approsi~nately 717 kJIday 

(SE = 16.4)(Fig. 3). Puffins fed the pollock diet (80 glday) consumed an estimated 296 

k.l/day (SE = 8.0) while puffins fed the capelin diet (80 glday) consuilled approxinlately 

492 kJ/day (SE = 17.7)(Fi~.  3). 

Both lcittiwalte and puffin nestlillgs raised on diets of high-lipid fish (capelin. herring, 

or sand lance) grew faster and were heavier at fledging age than nestlings fed the sanle 

bionlass of low-lipid fish (juvenile walleye pollock). This result cvas predicted LI prior; 

because sub.jects fed hieh-lipid fish should consume considerably more energy (kJ/day) 

than subjects fed low-lipid fish. The nletabolizable energy content of lipid is Inore than 

twice that of protein for uricotelic vertebrates like birds (39.4 kJ/g lipid vs. 17.8 kJ/g 

protein)(Schmidt-Nielsen 1997: 171 j. The prote<~ c6ntent of the forage tishes used in 

these f eding trials was similar and intcrspecitic differences i n  lipid content ot't ishcs 

explained nearly all of  the variation in energ), density of the dicts. Because protein 

content of diets were similar. differences in lipid content of the clic~ \\ere ~ C > ~ ) ~ ) I I ~ I \ I I C  [ ; ) I  

most of the differences in body mass growth between diet groups. 

The age class 1 + juvenile w;~lle!,e pollock that wese fed to the puftins had an 

~ ~ ~ ~ c l i a ~ ~ : ~ c ~ c r i s t ~ c : ~ l l !  high lipicl ct)ntcnt (0.4'!.<,. \vet 111ass). and average energy density (5.3 

li.l/g) forJu\enile walle!,e pollocli. Their lipid content and energy density were 

1; 



co~lsiderably higher than previously analyzed pollock from the northern Gulf of Alaska 

(Van Pelt et al. 1997. Arlthony et al. Unpubl. 111s.). There was also a large difference in 

lipid content and energy density between the two age classes of pollock that were used in 

the puffin feeding trials. This nlay explain the growth performance of puffins on the diet 

of age cl~lss I+ pulloclc (i.e.. 110 significant difference i l l  pre-lledg~ng \vlng length a h  

compared to chicks 011 the herritlg diet.). These data suggest that juvenile walleye 

pollock are not necessarily a low-lipid diet for nestling seabirds. Juvenile walleye 

pollock that are as high in lipids as the 1+ pollock used in this study are apparently 

uncommon (Van Pelt et al. 1997, Anthony et al. Unpubl. rns.). 

Differences in mass gain alnong diet groups were much more pronounced than 

differences in structural growth. In all four con~parisons. chiclcs on the low-lipid diet 

(pollock) lagged behind in body mass growth by at least a week (i.e.. at their rote of gain 

it would take a minimum of a weel< of additional growth for the chicks on the low-lipid 

diet to reach the final body mass of the chiclts on the Iiigll-lipid diet). In ccwlLrah1. \\ills 

length growth tencieu lo be similar anlong Lliei-gro~~ps. The chicks on the low-lipid diet 

lagged only a few days behind those on the Iligh-lipid diet. Puffins fed 100 g of either 

pollock or herring showed this clearly; the difference in fledging body mass between 

chicks on the two diets was significant, yet there was no difference in the pre-fledging 

wing length for ch~cks on the two diets. Likewise there was a significant difference in 

tleiiging bud? mass between the ki~t~~val<es fed Ilerring kund those fed sand lance. yet there 

\\as no dift'erence between the two g r o ~ p s  in pre-Hedging wing length. This suggests 

that undernourished seabird chicks preferentially allocate assimilated nutrients to 

. - 
structural development over mass galn. rhis  nay be especially signiticant for kittiwakes. 
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which can raise two or even three young per nesting attenlpt (pufii~ls raise o~ily a single 

chick at a time). Sibling competition may exact a heavy toll on young that fail to grow 

on limited resources. 

Work on Atlantic Puffins (Fratercul~~ ~vcticu) has showl~ that their prod~~ctivity is 

closely tied to the availability of energy-rich forage fish prey. Atlantic Puffins at 

colonies that provision their young with capelin experienced high productivity when this 

forage fish was available. In contrast, during years when capelin were scarce 

productivity was reduced (Nettleship 1954). Martin (1989) observed a similar pattern in 

an Atlantic P~~fii~in colony that relied heavily on sand lance. Desl?ik I3 cl~l't'erenr prc! 

species in the diet, breeding puftins were not able to obtain sufficient alternative food 

when sand lance stocks declined. The result was a severe breeding failure when sand 

lance were scarce. 

CONCLUSIONS 

Low availability of high-lipid forage fishes could have adverse effects on nestling 

grow11 and development in piscivorous seabirds. If parental foraging is constrained, or 

the ability of  the parent seabirds to [ranspol-1 food back to the nest is limited. consu~i~ption 

01' 11igI1-lipid forage tish ma!. bc necessary 10 COII I~ )CI ISL~ \C  KOI. colls[r;li~l~s o n  l)io~ll;~ss 01' 

prey provided to nestlings. I'rocisiouing young with high-lipid prey \viIi ge~ic'r;~ii! rcsi~ii 

in nestlings that gain body mass and develop structurally inore rapidly. '1-his allo~vs 

nestlings to fledge at a younger age and at higher body mass. traits that should enhance 

ti tness. 
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Figure 1 : Body mass growth of Black-legged Kittiwakes (A) and Tufted Puffins (B  & C) 

raised on diets of high-lipid (herring, sand lance, capelin) or low-lipid (juvenile walleye 

pollocl<) fishes. 

7 .  t. ~gilre 2: Wing growth of Black-legped Kittiwakes (A) and Tufted I'ufiins (I3 & C )  

raised on diets of high-lipid (herring. sand lance, capelin) or low-lipid (juvenile walleye 

pollock) fishes. 

Figure 3:  Estimated daiiv e n e r p  intake of Black-legged Kittiwakes (A) and Tufted 

Puffins (B) fed rations of different torage fishes. Error oars represent one standard error 

of the mean. 
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Table 1. Pre-fledging body mass and wing length for black-legged kittiwakes (BLKI, age 31 days) and 

tufted puffins -- -- (TUPU, age 40 days) raised on diets of different forage fishes. 

Bird Species Diet Treatment Mean Body Mass (g) k S.E. Mean Wing Length (mm) -t S.E. 
- . -- - 

BLKI (N=6) Herring (100 glday) 408.2 _+ 13.31 214 _+ 2.34 

BLKl (N=7) Sand lance (100 glday) 362.0 -t 4.63 214 + 1.63 

BLKl (N=13) Pollock 2+ (1 00 glday) 260.0 i 2.1 1 193 * 1.53 

TUPU (N=7) Capelin (80 glday) 

TUPU (N=7) Pollock 2+ (80 glday) 

TUPU (N=6) Herring (100 glday) 

TUPU (N=6) Pollock 1 + (1 00 glday) 



Table 2: Results of proximate analysis of fishes used to feed young seabirds during captive feeding 

tr~als. - - Values listed are averages - for all fish of a single type, hence values in rows may not sum to 100%. 

Fish type '10 Water + S.E. % Lipid t S.E. % AFLDM 2 S.E. % Ash + S.E. 
- - 

Pollock 2+ (N=27) 78.12 + 0.38 2.17 + 0.17 16.18 + 0.33 3.92 + 0.31 

Pollock 1 + (N=20) 75.68 + 0.25 6.38 t- 0.21 15.53 + 0.16 3.27 + 0.04 

Sand lance (N=34) 73.78 _+ 0.49 6.02 t- 0.43 16 36 + 0.47 3.84 + 0.13 

Capelin (N=19) 73.14 k 0.54 8.71 +_ 0.65 15.29 + 0.29 2.86 + 0.14 

Herring (N=24) 70 06 + 0.39 10.85 2 0.44 16.30 + 0.13 4.36 + 0.06 




