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THE FOOD, FEEDING, AND DEVELOPMENT OF YOUNG
TUFTED AND HORNED PUFFINS IN ALASKA
D. H. S. WEHLE
ABSTRACT. -Aspects of nestlingTufted Puffin (Fraterculu cirrhata) and Horned
Puffin (8’. comicdata) feeding ecology, growth rate, and fledging successwere
studied on Buldir Island, Alaska, in 1975 and on Ugaiushak Island, Alaska, in
1976 and 1977. Growth rates were measured for singlewild chicks given supplemental food, singlechicksraised in captivity and fed ad libitum, and for artifically
twinned chickswith and without supplementalfood and for twinned chicksraised
in captivity. Data from these colonies and years (colony years) were compared
with those from other colony years for these speciesand for Atlantic Puffins (F.
arctica). For most aspectsof nestling feeding ecology that have been measured,
available data are too variable (seasonally,annually, or geographically)to give a
reliable correlation with feeding conditions. Growth rates equal to 1.5% of adult
body weight/day or lesswere associatedwith poor feeding conditions while growth
rates of 2.5% or more representedoptimum feeding conditions. Nestling growth
rates currently provide the best means of assessingfeeding conditions. The imulications of puffins’ abilitv to raise two chicks, rather than their normal clutch
of one, are also discussed._
Local seabird populations in Alaska may well
be affected by the development of offshore oil
and gas resources.Recognizing this, the U.S.
Bureau of Land Management, through interagency agreement with the National Oceanic
and Atmospheric Administration (NOAA),
sponsoredthe Outer Continental Shelf Environmental AssessmentProgram (OCSEAP) to
obtain baseline data on the distribution and
abundance,breedingbiology, and feedingecology of certain Alaskan seabird species.These
data were to be used in making management
decisionsand as a standardagainstwhich postdevelopment data could be compared. If the
consequences
of petrochemicalexploitation are
to be predicted and safeguards established
againstpotential problems, the ecology of the
speciesmost likely to be affectedmust be known
(M&night and Knoder 1979).
Between 40 and 50 million seabirds of at
least 35 speciesbreed in Alaska (Sowls et al.
1978). Alcids (Family Alcidae) comprise at
least 65% of these, of which approximately
20% are puffins (Sowls et al. 1978): Tufted
Puffins (Frutercula cirrhata), Horned Puffins
(F. corniculuta),and Rhinoceros Auklets (Cerorhinca monocerata)-actually misnamed puffins (Storer 1945). Of the 176 speciesof birds
using marine habitats in Alaska, British Columbia, and Washington, Tufted and Horned
puffins rank among those most vulnerable to
oil pollution (King and Sanger 1979). In addition, they may be affected by changesin the
distribution and abundanceof their prey caused
by offshore oil and gas development.
Tufted and Horned puffins are diurnal, pe-

lagic seabirdsthat measureabout 390 and 350
mm in length, respectively. They nest in underground burrows or rock crevices on steep
sea slopes,along cliff-edges,or in talus slopes.
Both sexes have two brood patches, but females typically lay only one egg, which is incubatedfor six to sevenweeks. Puffins capture
prey (primarily small fish and invertebrates)
by pursuit diving, and feed whole prey to their
semi-precocial young for six to seven weeks.
Information on their habits is given by Dawson (1913), Willett (1915), Bent (1919) Dement’ev and Gladkov (195 l), Kozlova (1957),
Gabrielson and Lincoln (1959), Swartz (1966)
and Sealy (1973a).
My purposeshere are: (1) to present the results of studies I conducted for OCSEAP on
the feeding ecology (food, feeding, and development) of nestlingTufted and Horned puffins
on UgaiushakIsland, Alaska, in 1976 and 1977
and from a study I conductedon Buldir Island,
Alaska, in 1975; (2) to compare my resultswith
those for these speciesin other colonies and
years(colony years)and with thosefor Atlantic
Puffins (F. arctica); (3) to describe and summarize the current data for the major components of nestling Tufted and Horned puffin
feeding ecology in Alaska; and (4) to identify
those components of nestling feeding ecology
that might best be used in future studies to
detect possible effects of offshore oil and gas
development on puffin feeding conditions(e.g.,
availability and abundance of suitable prey).
Fledging successprovides the best measure
of the reproductive health of a population but
it is sometimesinfluenced by factors unrelated
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FIGURE 1. Location of Ugaiushak Island and Buldir Island, Alaska.

to feeding conditions. Becauseyoung birds appear to be sensitive to regional and annual
variations in feeding conditions (Ricklefs and
White 1975) their growth rates provide a better criterion by which feedingecologydata from
pre- and post-offshoredevelopment studiescan
be compared. Since puffin growth rates varied
among colony years, I had to develop a standard for making comparisons. I attempted to
provide such a standard by correlating observed growth rate with apparent feeding conditions and by determining the maximum
growth rate chicks could obtain. Feeding conditions were assessedand maximum growth
rates were estimated by measuringthe growth
of singlechicks and artificially twinned chicks
raised in situ and given supplemental food,
and of chicks raised in captivity and fed ad
libitum. The twinning experiments also provided information on the birds’ ability to raise
a second young.

supports lush Calamagrostis grassland and
mixed-meadow communities; thesealso occur
on West Island with an extensive heath community. Sea cliffs rising to 100 m comprise
most of Ugaiushak’s western and southern
coastlines. Tufted Puffins nest almost exclusively in earthen burrows along the tops of
these cliffs where the island’s soil is deepest.
Gradually sloping ledges,beach boulders, and
talus slopesmake up the easternand northern
coasts; here, Homed Puffins principally use
rock crevices for nest sites.
Buldir Island (52”21’N, 175”56’E), the westernmost member of the Rat Island group of
the Aleutian Islands, is the most isolated of
the Aleutians, being 113 km west of the nearest
island (Fig. 1). Over 1.8 million seabirdsof 20
species breed on Buldir, including approximately 20,000 each of Tufted and Horned puffins (Sowls et al. 1978). My study of puffins on
the island wasancillary to an ongoingU.S. Fish
and Wildlife Service research project on the
STUDY AREAS
endangered Aleutian Canada Goose (Branta
Ugaiushak Island (56”47’N, 156”41’W), in the canadensisleucopareia).
western Gulf of Alaska, is one of many small
With an area of about 2,000 ha, Buldir’s
islands harboring seabird colonies along the topography is dominated by three volcanic
Alaska peninsula (Fig. 1). It was chosen as an peaks, which range in elevation from 539 to
OCSEAP study site because of its proximity
65 5 m; the remainder of the island being lesser
to areas being considered for offshore oil and peaks and rolling hills. Buldir is heavily veggas development and because of its rich di- etated, except at the highest elevations, with
versity and abundance of breeding seabirds. moss-willow tundra and Elymus-umbel comFifteen speciesof seabirds,totaling over 56,000 munities whoseplantsreach over 2 m in height
birds, breed on Ugaiushak, including approx- by late summer. The 20-km coastline consists
imately 14,000 Tufted Puffins and 18,000 chiefly of large boulder or gravel beaches or
Horned Puffins (Sowlset al. 1978). Ugaiushak talus slopes,backedby steepseaslopesor cliffs.
(ca. 175 ha) consistsoftwo land masses-hereMost Tufted Puffins nest in earthen burrows
after called East Island and West Island-conon sea slopes,but some nest in the rock crevnected by a narrow isthmus. East Island is rel- ices of talus slopes.Most Horned Puffins nest
atively flat with a maximum elevation of 30 in rock crevicesof talusslopesand amongbeach
m; West Island has three peaks located on the boulders, with some nesting in earthen bursouthwesternend of the island(the tallestbeing rows on sea slopes or on the banks of inland
170 m), a central ridge, and a gently sloping creeks.My study plots for Tufted Puffins were
plain acrossits northwestern end. East Island primarily on the sea slopes at the northwest

PUFFIN

end of the island and for Horned Puffins on
the Main Talus, located on the north-central
side of Buldir. Observations of daily feeding
activity were made on the Main Talus where
several thousand pairs of both puffin species
and tensof thousandsof pairs of Aethia auklets
nest.
METHODS
Investigationswere conducted on both species
at Buldir from 17 May to 5 September 1975,
and at Ugaiushakfrom 24 May to 2 September
1976 and from 23 April to 29 August 1977.
In 1976, investigationsof Horned Puffins were
secondaryto those of Tufted Puffins.
Eight components of nestling feeding ecology were studied for both speciesbut not in
each colony year: food delivery, feeding frequency, prey speciescomposition of food loads
in the bill, prey size, food load size and weight,
growth rates, and fledging success.I selected
these components because, with the possible
exceptionof food delivery, they seemedto have
the potential to vary in response to feeding
conditions.
FOOD

FEEDING

ECOLOGY
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Daily feeding activity of Tufted and Horned
puffins on Buldir was studied during all-day
watchesfrom a blind on Main Talus on 12 and
22 August. On these dates, the average chick
age was approximately 2.5 weeks for Tufted
Puffinsand approximately 4 weeksfor Horned
Puffins (Wehle 1976) roughly corresponding
with the agesof Atlantic Puffin chicks during
their period of peak growth (Harris 1978).
Thus, I expected that feeding frequency would
probably increase between these two dates to
meet the increasing nutritional requirements
of the chicks. Watches were made at 15-min
intervals from approximately 0.5 h before sunrise to 1 h after sunset. (Preliminary observations indicated that puffinsdid not feed their
young at night.) Each watch consistedof counting for 1 min the numbers of puffins of each
specieswith and without food in the bill that
flew past a given point on a colony. In the
analysis, data from two consecutive watches,
beginning at sunrise, were pooled into 0.5-h
intervals and the few birds observed before
sunrise and after sunsetwere included in the
first 0.5-h interval after sunriseand before sunset, respectively.

DELIVERY

Canvas blinds erected within the breeding colonies of both speciesbefore egg-laying began
allowed me to view, at close range (1 - 10 m),
nest site entrancesand to monitor the coming
and going of adults. Tufted Puffin burrows,
which measuredfrom 0.5 to > 3.0 m long, were
marked with numbered tongue depressorsand
colored flags; at each, I made a small access
hole (ca. 10 cm diameter) into the enlarged
nest chamber, usually located at the rear of the
burrow. Each hole waskept pluggedby a wedgeshaped piece of sod that could readily be removed. Horned Puffin nest siteswere similarly
marked; accessto nestswas provided by natural openingsamong the rocks. When a foodcarrying adult entered a marked nest site, I
immediately left the blind and looked into the
nest.

PREY SPECIES COMPOSITION
OF BILL
LOADS, PREY SIZE, AND BILL LOAD
SIZE AND WEIGHT

Adult puffinscarry their prey crosswisein their
bills back to their nests. These loads of food
can be collected and their contents weighed,
measured, and identified.
On Ugaiushak, I collected Tufted Puffin bill
loads from burrows provided with accessholes
and monitored from a blind. When a foodcarrying adult entered one of these burrows, I
immediately left my blind, opened the access
hole, and retrieved the food sample. To determine if prey speciescomposition of loads,
prey size, or load size and weight varied during
the nestlingperiod, I collected4 1 samplesfrom
10 monitored burrows from 3-14 and from
19-30 August in 1976 and 31 samples from
44 monitored burrows from 1O-l 5 and 2 l-27
FEEDING FREQUENCY
Augustin 1977. Collections were made during
Estimates of feeding frequency for individual all hours of the day and sometimes from the
Tufted Puffin chicks on Ugaiushak were based same burrow in the same day. In 1977, I also
on observations of birds delivering food to determined, using 10 x 50 binoculars,the prey
marked burrows and on the results of moni- speciesand number of prey for 33 bill loads
toring burrows using toothpick “gates” (see carried by Tufted Puffins.
Boersma and Wheelwright 1979). I watched
On Buldir, I collected 15 loads each from
from a blind during sessionsof 2-8 h con- Tufted and Horned puffins between 14 and 21
ducted at least three days per week throughout August. Loads were obtained primarily by
the nestling period in both years. Toothpick catching food-carrying adults in mist-nets
gates were placed at the entrances to 10 bur- placed over nestentrances;a few food-carrying
rows containing chicks,once in early and again adults were also shot and their bill loads colin late August each year. Toothpicks were left lected.
in place until displaced.
General information on the nestling food of
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Horned Puffins on Ugaiushak came from observations of dropped fish found within their
colonies and from observations of bill loads
beingcarried by adults.AccessibleHorned Puffin nest sites on Ugaiushak were usually far
apart, thereby allowing only a few nest sitesto
be monitored simultaneously from a blind; I
therefore decided not to collect Horned Puffin
food loads.
All loadscollected were weighedto the nearest 0.5 g; individual prey were counted and
measured to the nearest 1 mm (fish from the
tip of the snout to the tip of the caudal fin, and
squid from the anterior end of the mantle to
the tip of the longesttentacle). Most of the fish
were identified by me; other prey were preserved in 5% formalin and later identified by
the staff of the Aquatic Collections, University
of Alaska Museum, Fairbanks.
GROWTH

RATES

I provided would moderate the chick’s behavior so that adults would deliver food only if
the chick indicated that it was still hungry. In
this situation, the chick would receive as much
food as it could use and grow at a nearly maximum rate. Without a feedback mechanism,
the amounts of food delivered by adultswould
be inherent to their feeding behavior as influenced by feeding conditions. A chick reared
under thesecircumstanceswould grow at nearly the maximum rate if feedingconditions were
optimal, but more slowly if feeding conditions were less favorable. For fed twins, I expected the resultsto be similar to those for fed
singles,except that the growth rates of twins
would be even more sensitive to food shortages.
For unfed twins, if a feedback mechanism
wasoperative, then the adultswould have twice
the normal pressureto supplyfood; thesechicks
would grow more slowly than unfed singles
unlessfeeding conditions were excellent. In the
absenceof a feedbackmechanism,adultswould
deliver only the amount of food normal for a
singlechick and the twinned chickswould grow
more slowly than unfed singles,regardlessof
feeding conditions.
I measured growth rates by weighing chicks
to0.5g(under100g)orto1g(100+g)every
second or third day on Ugaiushak and daily
on Buldir from hatching until either fledging
or my departure from the island.
Food supplementsconsisted of fresh fillets
of black rockfish (Seabastesmelanops)and
small whole fish, primarily Pacific sand lance
(Ammodytes
hexapterus)
and capelin (MalloFed singlesreceived 50 g of food
tusvillosus).
supplementonce daily beginningat three days
of age;fed twins together received 50 g of food
supplement once daily when three to seven
days old and 100 g daily thereafter. Supplemental food was placed at the entrance to the
nest chamber for Tufted Puffins and near the
nest for Horned Puffins.
Twins were artificially created by adding a
chick from one nest to another containing a
single chick; chicks were twinned when less
than two days old. Captive chicks were removed from their nestswhen two to five days
old and raisedoutsidein wood and burlap simulated burrows. All captives were fed ad libiturn the same prey used for food supplements
plus a commercial brand multi-vitamin and
multi-mineral supplement.

During the three colony years on Ugaiushak
and Buldir combined, I measured the growth
rates of 67 Tufted Puffin and 26 Horned Puffin
chicks reared under natural and experimental
conditions. Chicks raised under natural conditions hereafter are called “unfed singles.”
Experimental chicks included single chicks
given supplemental food (“fed singles”), artificially twinned chicks with and without food
(“fed” and “unfed” twins, respectively), and
single and twinned chicks raised in captivity
and fed ad libitum (“captive singles”and “captive twins,” respectively). Growth rates of
chicksraisedunder the various conditionswere
intended to provide information on feeding
conditions,the maximum rate that chickscould
attain, and the ability of adults to feed more
than one young. Interpretation of these data
wasbasedon assumptionsthat: (1) the amount
of supplementalfood given to chicksalone was
insufficient to enable chicks to reach maximum growth rates; (2) the amount of supplemental food plus the amount of food delivered
by adults would be equal to or greater than
that needed for chicks to attain maximum
growth rates; and (3) captive chicks fed ad libitum would grow at maximum rates. For
chicksreceiving supplementalfood, I also consideredwhether or not a feedback mechanism
existed between chicks and adults such that
certain chick behavior stimulated adults to deliver food.
Fed singleswould presumably grow faster
than unfed singlesif feeding conditions were
suboptimal (i.e., if adults were unable to pro- FLEDGING SUCCESS
vide chicks with sufficient food for maximum Due to ship scheduling,I left each island each
growth) and at the same rate as unfed chicks year before all puffins had fledged. Therefore,
if feeding conditions were optimal. With a I estimated fledging successfrom (1) the profeedback mechanism, any supplemental food portion of nestlings initially monitored that
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had fledged or were of fledging weight at the
time of my departure, and (2) a subjectiveevaluation of the growth rates of chicks not of
fledging weight at the time of my departure. I
consideredfledgingweight of Tufted Puffins to
be 496 g, the minimum weight of any chick
known to have fledged on Ugaiushak in 1976
or 1977, and of Horned Puffins to be 400 g,
the lowest fledgingweight reported by Amaral
(1977).

HORNED

TUFTED

STATISTICAL ANALYSIS

A chi-square test was used to test for homogeneity in the relative numbers of (1) birds
observed carrying food during all-day watches
on 12 and 22 August 1975, and (2) individual
sand lance, capelin, and gadids in bill loads
between early and late August and between
years.
Prey size and bill load size and weight were
compared by the Mann-Whitney test (W) for
sampleswithin the same colony year and by
the Kruskal-Wallis (H) and a posteriori Dunn
tests (Dunn 1964) for samplesamong colony
years.
Growth rates for chicks in my studieswere
analyzed by the Mann-Whitney test and Kruskal-Wallis test on the median weight-gain/day
(g), during the interval from 5 to 30 days of
age,for chicksraised under each of the various
conditions. For the analysis of twins, I averagedthe weight gainsof the two chicks in each
set, so that the appropriate error was the nestto-nest variability. Growth rates of unfed single chicks were also analyzed by Ricklefs’s
(1967) graphical method so that they could be
compared more easily with previously published growth rates of Tufted and Horned puffinsand other alcidsanalyzed by this technique
(Sealy 1973b, Manuwal and Boersma 1977,
Vermeer and Cullen 1979).
I computed growth rates presentedin Table
8 from data provided by other investigators
(cited in other tables), except for those on the
Barren Islands, which were calculated by Manuwal and Boersma (1977).
By Ricklefs’s (1967) method, growth data
for all colony years best fit the logistic equation. However, aspointed out by Sealy(1973b),
the actual growth curves of alcids in the later
stagesof development do not conform well to
the logistic equation and therefore, the goodnessof fit dependsto someextent on subjective
consideration of which data to include. In
Ricklefs’s terminology, the equation for the
logisticcurve is: d Wldt = KW( 1 - w/a), where
W is the weight of the growing bird, a is the
final weight (asymptote), t is time, and K is the
growth constant (representing overall growth
rate) derived by the fitted logistic equation. In
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FIGURE 2. Percent of total numbers of food-carrying
Tufted Puffins(n = 80) and Homed Puffins(n = 307) observedduringhalf-hour intervals from sunrise(SR) to sunset (SS).

addition to the Kvalue, I also expressedgrowth
rates in terms of Hussell’s (1972) instantaneous growth rate, KR/4 x 100 (percent of
adult body weight/day), which occurs at the
inflection point of the fitted logistic curve.
RESULTS AND DISCUSSION
FOOD DELIVERY

I was often able to remove the sod plugs of
Tufted Puffin burrows or to position myself
within rock crevicesbesideHomed Puffin nests
so as to observe puffin activity within the nests
while remaining undetected. Tufted and
Homed puffin chicks received their first loads
of food when lessthan one day old. In each of
two Horned Puffin first-food deliveries that I
observed,the load consistedof two sandlance,
each approximately 60 mm long. Adults
dropped food on the nest floor near the chick
for the first week and usually near the nest site
entrancethereafter. The amount of time adults
spent underground when delivering food decreased from several minutes during the
brooding period (O-3 days for Tufted Puffins
and 5-7 daysfor Horned Puffins [Wehle 19801)
to lessthan 10 s in later weeks. Occasionally,
I sawadult Tufted and Horned puffins accompany their food delivery by specificbehavior,
particularly when chicks were less than one
week old. For both species,this behavior included the bird lowering its head and moving
it slowly from sideto sidewhile uttering a faint,
low-pitched “err? sound. Whenever an adult
entered the nest, chicks (both species)called
loudly and frequently and assumed a foodbeggingposture, crouching low to the ground
and sometimespartially spreadingtheir wings.
Once a chick had eaten, it usually ceasedcalling.
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TABLE 2. Number and percent occurrenceof prey in bill loads delivered by Tufted Puffins on Ugaiushak Island,
1976 and 1977.
1976
Early August
Prey species

Pacific
sand lance
Capelin
Gadids
Other
Total

1977

Late August

TOtd

Early August

Late August

TOtal

NO.

%

NO.

%

NO.

%

NO.

%

NO.

%

NO.

319
10
20
10
359

88.8
2.8
5.6
2.8
100.0

51
1
:

87.9
1.7
10.4
0.0
100.0

370
11
26
10
417

88.8
2.6
6.2
2.4
100.0

249
13
3
4
269

92.6
4.8
1.1
1.5
100.0

38
29
14
0
81

46.9
35.8
17.3
0.0
100.0

287
42
17
4
350

58

%

82.0
12.0
4.9
1.1
100.0

The lack of parental feeding for one or two
days has been noted elsewherefor Tufted Puffins (Baird and Moe 1978, Vermeer et al. 1979)
but has never been reported for Horned Puffins. During the nestlingperiod, Tufted Puffins
foragein inshore, offshore,and oceanicwaters,
depending on colony location, while Horned
Puffinsfeed primarily in inshorewaters(Wehle
FEEDING FREQUENCY
1982). Seabirdsthat feed farther offshore tend
Tufted Puffin chicks on Ugaiushak received to have longer intervals between feeding visits
from none to at least four loads of food daily; to their young than do speciesthat foragecloser
occasionally,some chicks were not fed for two to shore (Lack 1968).
consecutive days.
My data on the relative proportions of TuftParental feeding of Tufted and Horned puf- ed and Horned puffins carrying food on 12 and
fin chicks was loosely synchronized within a 22 August were in variance with the tendency
population. Daily feeding activity began at for puffinsto increasethe number of daily food
sunriseand tended to occur in peaks every ldeliveries during the period of peak nestling
2 h throughout the day, with most food deliv- growth (Corkhill 1973, Ashcroft 1977, Maeries made in the morning. On Buldir, over nuwal and Boersma 1977, Harris and Hislop
60% of all deliveries occurred between sunrise 1978).
(approximately 07:OO)and 13:00, with lessthan
3% occurring between 19:00 and sunset (ap- PREY SPECIES COMPOSITION OF
FOOD LOADS
proximately 22:00) (Fig. 2).
On Buldir, the proportion of food-carrying In food loads of Tufted Puffins on Ugaiushak
adults to non-food-carrying adults observed in 1976 and 1977, sand lance comprised over
during all-day watches on 12 and 22 August 80% of all prey items (Table 1). In 1976, most
wassimilar for Tufted Puffins(12 Aug. = 3.2%, other prey consistedof nearly equal numbers
n = 1,338; 22 Aug. = 2.3%, n = 1,608; x2 = of capelin and gadids(walleye pollock and saf2.18, P > 0.05) but decreasedsignificantly for fron cod); in 1977, capelin accounted for twoHorned Puffins (12 Aug. = 5.6%, y1= 3,154; thirds of all other prey. The relative propor22 Aug. = 2.2%, n = 5,821; x2 = 65.39, P < tions of sandlance, capelin, and gadidsin early
versuslate August loads were similar in 1976
0.00 1).
Weather appeared to affect feeding activity (x2 = 2.91, df = 2, P > O.OS),but differed sigonly slightly. Even under the worst conditions nificantly in 1977 (x2 = 98.28, df = 2, P <
(i.e., heavy rain and fog, waves over 2 m, or 0.000 1) when more capelin were taken later in
winds in excessof 80 km/h), some adults de- the month (Table 2). The relative proportions
of thesethree prey groupsfor the whole month
livered food.
Other studies have found that Tufted and were significantly different between the two
Horned puffins generally receive from two to years (x2 = 26.23, df = 2, P < O.OOOl),again,
four feedingsdaily, with a range of none to six largely becauseof the variation in numbers of
for Tufted Puffins and two to six for Horned capelin taken. On Buldir, sand lance and squid
each comprised approximately 35% of all prey
Puffins (Manuwal and Boersma 1977, Vermeer et al. 1979). The mean number of daily in Tufted Puffin bill loads, with the remaining
feedings for Atlantic Puffins during various prey consistingprimarily of sculpin and Atka
colony years ranges from 2.3 to 15.0, with a mackerel (Table 1).
In food loads of Horned Puffins on Ugaiumaximum of 24 bill loads delivered to a single
burrow in one day (Harris and Hislop 1978). shak, sand lance appeared to be the most nuFood delivery by Tufted and Horned puffins
was similar to that of Atlantic Puffins (Myrberget 1962, Corkhill 1973) exceptthat in over
a dozen instancesof food delivery to nestlings
(both species combined) less than one week
old, I never saw chickstake food directly from
their parent’s bill.
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TABLE 3. Number and percent occurrenceof prey in bill loads delivered by Homed Puffins during various Alaskan
colony years. See Table 1 for scientific names of prey species.
Buldir
Island
1975
Prev soecies

Pacific sand lance
Capelin
Atka mackerel
Pacific cod
Pacific sandfish
Whitespotted greenling
(Hexagrammos

Shuma ‘n
Man a s
1976

NO.

%

22

42.3

22

42.3

NO.

Barren Islands

%

1

1.9

7

13.5

Source

this study

NO.

%

107
34

66.5
21.1

3
14

15.8
73.1

17
1

10.6
0.6

1

5.2

1

5.2

stellerz]

Yellow Irish lord
Unidentified fish
Squid (Gonatidae)

1977

1976

2

96

51.7
44.8
1
1

1.7
1.7

1.2

Moe and Day
(1979)

merous prey in both years, with the remainder
of prey being capelin and gadids. On Buldir,
sand lance and Atka mackerel each accounted
for about 42% of all prey; most of the remaining prey were squid (Table 3).
In other OCSEAP studies,the predominant
prey speciesin Tufted and Horned puffin bill
loadsin all colony years were either sandlance
or capelin (Tables 1 and 3); on Chowiet Island
in 1976, sandlance were the predominant prey
in 12 Tufted Puffin and 20 Horned Puffin loads
(Leschner and Burrell 1977; G. Burrell, pers.
comm.). Of 13 colony years for Tufted and
Horned puffins in Alaska (Chowiet plus those
given in Tables 1 and 3) 11 of them showed
sand lance and/or capelin accounting for at
least 85% of all prey, while for both specieson
Buldir, they accountedfor lessthan 45% of all
prey. Although sand lance and capelin were
the primary prey speciesin both Tufted and
Horned puffin bill loads, the composition of
subordinate prey differed between puffin
species.The most numerous lesserprey were
(in decreasingorder of abundance) for Tufted
Puffins: cephalopods, gadids, sculpin, and
greenling; and for Horned Puffins: greenling
and gadids, squid, and sandfish(Tables 1 and
3).
Seasonal variation in prey speciescomposition of bill loads has been noted for Tufted
Puffins at Sitkalidak Strait (Baird and Moe
1978) and for Horned Puffins on the Shumagin
Islands (Moe and Day 1979); in both colony
years the occurrence of capelin in food loads
decreasedover the nestling period.
Seasonal, annual, and/or geographic variation in the prey species composition of bill
loads occurs for Tufted Puffins in British Columbia (Vermeer 1979, Vermeer et al. 1979)
and for Atlantic Puffins in Britain (Harris and
Hislop 1978). Variation may result from dif-

NO.

Manuwal and
Boersma(1977)

Manuwal and
Boersma (1977)

ferences in the availability or abundance of
prey species,in the selection of specific prey
by the puffins, or both. The causeof variation
can best be determined by samplingthe waters
within the puffins’ foraging range and concurrently analyzing the prey speciescomposition
of food loads. In Britain, the composition of
North Sea trawl catchesbroadly resemblesthe
composition of food loads of nearby Atlantic
Puffins (Harris and Hislop 1978). This study
also found that puffins tend to selectmore nutritious, but apparently less abundant, prey
species.Coupled with the need for a similar
study in Alaska is the need for greater knowledge of the life histories of puffin prey species
in Alaskan waters. With the exception of the
commercially exploited gadids,life history parameters of puffin prey are poorly understood.
PREY SIZE

Individual prey in Tufted and Horned puffin
food loads were generally 50-100 mm long
(Table 4). Tufted Puffin loads contained significantly smaller sand lance on Ugaiushak in
1976 than in 1977, or on Buldir in 1975; during both years on Ugaiushak, sand lance were
significantly larger in late versusearly August.
Capelin in Tufted Puffin loads were also significantly smaller on Ugaiushak in 1976 than
they were in 1977.
Tufted and Horned puffins on Buldir delivered nearly the same size sandlance, but Tufted Puffins delivered significantly larger squid
than did Horned Puffins (Table 4).
Basedon the relationshipbetweensandlance
body length and age class (Blackburn 1979),
most sand lance in puffin bill loads were probably age classes0 and 1 fish, with few fish in
age class 2 present. Most capelin taken were
probably age class 1 fish, with a few age class
0 and 2 fish present(Jangaard 1974). All squid

PUFFIN

in bill loads were probably subadults (Berry
19 12, Roper and Young 1975). Seasonalvariation in prey size may reflect either the summer growth of the fish or predation on different
populationsof fish as they move into the birds’
foraging areas (Blackburn 1979) rather than
the birds’ selectionof progressivelylarger fish.
The sizesof sand lance and capelin I found
in Tufted and Horned puffin food loads are
similar to thosereported for other colony years
(Hatch et al. 1979, Moe and Day 1979, Vermeer 1979), with the exception of Triangle Island, B.C., in 1978; there, Tufted Puffins delivered mostly age class 2 sand lance (Vermeer
1979). Seasonaland annual variations in the
length of prey have been noted elsewhere for
Tufted Puffins (Cody 1973, Baird and Moe
1978, Hatch et al. 1979, Vermeer 1979) and
for Atlantic Puffins (Myberget 1962, Corkhill
1973, Harris and Hislop 1978).
SIZE AND

WEIGHT

OF FOOD

LOADS

Tufted Puffinsdelivered significantlymore prey
per load on Ugaiushak in 1976 than in 1977,
or on Buldir (Table 5). The size of loads was
similar between early and late Augustin 1976,
but decreased significantly during August in
1977. Tufted Puffin loads were significantly
heavier on Ugaiushak in 1977 than in 1976,
and were similar betweenearly and late August
within each year (Table 5).
Tufted and Horned puffins on Buldir delivered loads of similar size and weight (Table 5).
Means of both size and weight of food loads
in this study fall within the ranges of those
observedelsewherein Alaska (Table 6). In other colony years where the loads of Tufted and
Horned puffins were weighed, the weights did
not differ significantly between species (Manuwal and Boersma 1977, G. Burrell, pers.
comm.). Although seasonaland annual variation in load size and weight have been reported for Tufted Puffins at other colonies
(Cody 1973, Manuwal and Boersma 1977,
Baird and Moe 1978,Vermeer et al. 1979), the
statistical significanceof the observed differencesis unknown. Among Atlantic Puffins, the
size of loads varies (Myrberget 1962, Corkhill
1973, Harris and Hislop 1978), whereas the
weight of loads is generally similar between
years and throughout the seasonat the same
colony (Harris and Hislop 1978).
GROWTH

RATES

Growth rates of Tufted and Horned puffin
nestlings raised under various conditions on
Buldir and Ugaiushak are given in Table 7.
Unfed Tufted Puffin single chicks on Ugaiushak grew at the same rate in 1976 as in 1977,
and significantlyfasteron Ugaiushakboth years
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TABLE 5. Size and weight of bill loads delivered by Tufted (TP) and Homed (HP) puffins on Buldir Island, 1975,
and Ugaiushak Island, 1976 and 1977.

Location

Time

Buldir

1975

Ugaiushak

1976
early Aug.
late Aug.
combined

Ugaiushak

PUffi”
species n

Size (no. prey)
Median Range
Significance

n

Median

Weight (g)
Range

Significance

TP
HP

15
15

3.0
2.0

l-29 >
l-11

*
W = 244, NS

;;

;;:;

TP
TP
TP

30
11
41

8.5
8.0
8.0

l-25
l-13 I
l-25

W = 663, NS
*

;y
41

1;:;
9.0

::;I;;:;
>
2.5-28.0

W = 608, NS
**

TP
TP
TP

21
43
64

5.0
6.0
6.0

l-9
l-13 >
l-13

P < 0.05
w= 154
*

16
15
31

15.5
13.5
14.0

5.0-22.5
7.0-34.0>
5.0-34.0

W = 202, NS
**

4.9-24.5
5.5-l 5.5>

**
W = 184, NS

1977
late Aug.
early Aug.
combined

NS = not significantat P 5 0.05.
* Differenceamongcolony
years: H = 13.2,df = 2, P < 0.005; 1975vs. 1976,expaimental-w&P < 0.05; 1975vs. 1977,NS; 1976vs. 1977,expeimentalwise P < 0.05.
** Differenceamongcolonyyears:H = 18.8, df= 2, P < 0.001; 1975 vs. 1976, NS, 1975 vs. 1977, NS; 1976 vs. 1977, experimental-wise
P < 0.05.

than on Buldir (H = 6.11, df = 2, P -C 0.05;
experimental-wiseP < 0.0 1). The growth rates
of unfed and fed Tufted Puffin singlesand twins
in 1977 did not differ significantly among the
four groups (H = 5.48, df = 3, P > 0.05).
Unfed Horned Puffin singlesalso grew significantly faster on Ugaiushak in 1977 than
thoseon Buldir (W = 3.00, P < 0.05). Growth
ratesdid not differ significantlyamong Horned
Puffin unfed and fed singlesand unfed twins
on Ugaiushak in 1977 (H = 4.14, df = 2, P >
0.05).
The similar growth rates among the four
groups of Tufted Puffins in 1977 suggestthat

adults of unfed nestlingswere delivering close
to the maximum amount of food the chicks
could use. During my daily feeding of fed nestlings, I never saw uneaten food in the nest.
Becausethe fed chicksgrew as rapidly as unfed
chicks, the adults apparently compensatedfor
my food supplementsby delivering less food
themselves. This would be expected if feedback exists between chicks and adults, as has
been observed in Pied Flycatchers (Ficedulu
hypoleuca;von Haartman 1949).
Among various colony years in Alaska, the
growth rate (KY)of Tufted Puffins varied by
107% and Horned Puffins by 92% (Table 8).

TABLE 6. Size and weight of bill loads delivered by Tufted and Homed puffinsduring various Alaskan colony years
(n = number of bill loads).

n

1

Weight
SD

Range

n

R

Tufted Puffin
1975 Buldir Island
1976 Ugaiushak Island
Barren Islands

13
41
24

11.9
9.7
14.9

6.2
6.1
-

5.0-24.5
2.5-28.0
2.0-36.5

15
41
79

4.3
9.4
3.8

4.1
5.5
-

l-29
l-22
l-8

Chowiet Island
Ugaiushak Island

12
31

7.5
14.4

3.6
5.2

2.3-16.8
5.0-34.0

12
64

10.1
5.6

4.2
3.4

l-15
l-13

Barren Islands

28

20.4

-

9.0-35.0

58

3.4

-

l-8

Sitkalidak Strait

10

19.3

6.2

13.5-35.0

-

-

Homed Puffin
1975 Buldir Island
1976 Barren Islands

15
9

11.0
10.7

3.3
-

5.5-15.7
3.0-19.0

15
26

3.5
1.5

3.1
-

l-l 1
l-3

Chowiet Island

19

7.9

4.4

2.5-19.0

19

12.6

14.5

2-65

ShumaginIslands

18

13.8

3.9

7.4-25.4

18

6.0

4.7

l-16

Barren Islands

13

17.0

-

3.0-35.0

20

3.2

-

l-7

““EE

1977

1977

Location

SEX
SD

Range

SOUrCe

this study
this study
Manuwal and
Boersma (1977)
G. Burrell
(pers. comm.)
this study
Manuwal and
Boersma(1977)
R. A. Moe
(pers. comm.)
this study
Manuwal and
Boersma(1977)
G. Burrell
(pers. comm.)
Moe and Day
(1979)
Manuwal and
Boersma (1977)
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TABLE 7. Growth rates of Tufted and Horned puffin chicksreared under various conditions on Buldir Island, 1975,
and Ugaiushak Island, 1976 and 1977.

Location

Year

Buldir
Ugaiushak

1975
1976
1977

Tufted Puffin
Median
growth
n
rate (g/day)

Condition

unfed singles
unfed singles
unfed twins
unfed singles
fed singles
captive singles
unfed twins
fed twins
captive twins

2
27
la
10
5

5.2
15.7
7.5
15.9
16.2

:
7
-

17.2
14.2
14.6
-

Homed Putlin
Median
growth
n
rate (g/day)

2

4.9

-

10.9
10.9
8.9
7.8

10

4
2
3
1

9.0

s For twns, n is the numberof twinned pairs.

However, most of this variation was attributed
to the much slowergrowth rates of Tufted Puffins on Buldir and Chowiet islands and for
Horned Puffins on Buldir than in all other colony years. Excluding Buldir and Chowiet, K
values for Tufted and Horned puffins varied
by only 39% and 27%, respectively.
FLEDGING SUCCESS

Few Tufted or Horned puffin chicks fledged
before I left Ugaiushak in 1976 or 1977 (Table
9). All observednestlingmortality during these
years occurred among chicks less than two
weeksold. The most commonly reported causes of death in chicks older than that are predation by terrestrial predators (Amaral 1977;
Mickelson et al. 1977, 1978) and insufficient
food (Vermeer et al. 1979). In the absenceof
terrestrial predatorson Ugaiushakand because
TABLE 8.

of the unfed chicks’comparatively high growth
rates (Tables 7 and 8), I suspectthat all unfed
single chicks fledged after my departure.
No experimental chicksfledgedin either year
on Ugaiushak before I left. Of 28 setsof noncaptive chicks twinned, one chick in each of
14 sets either disappeared or died (being rejected by the adults or forcibly kept from food
by its nest-mate); all other chicks were alive
when I left the island. Except for the one set
of unfed Tufted Puffin twins in 1976, growth
rates of non-captive experimental birds compared favorably with those of unfed single
chicks (Table 7); consequently, I assumethat
all of these chicks eventually fledged. In 1977,
I found the banded remains of one of the unfed
Tufted Puffin twins of 1976 in its burrow; the
fate of the other chick is unknown.
On Buldir in 1975, I found only three young

Specificgrowth parametersof Tufted and Homed puffins during various Alaskan colony years.”
Growth rate

n

Asymptote
(9)

Adult
weight
@)

Buldir Island
Ugaiushak Island
Barren Islands
Chowiet Island
ShumaginIslands
Wooded Islands
Ugaiushak Island
Barren Islands
Sitkalidak Strait
Cathedral Island

2
27
12
12
15
2
10
23
10
24

360
600
600
330
520
550
555
595
590
580

755
792
784
780
830
792b
792
784
792b
792b

0.48
0.76
0.77
0.42
0.63
0.69
0.70
0.76
0.75
0.73

0.074
0.125
0.111
0.091
0.145
0.120
0.153
0.110
0.126
0.127

0.9
2.4
2.1
1.0
2.3
2.1
2.7
2.1
2.4
2.3

Homed Puffin
1975
Buldir Island
1976
Barren Islands
Chowiet Island
ShumaginIslands
1977
Ugaiushak Island
Barren Islands

2
3
12
9
10
7

300
440
280
405
380
445

491
600
519
549
526
600

0.61
0.73
0.54
0.74
0.72
0.74

0.075
0.122
0.113
0.144
0.139
0.114

1.2
2.2
1.5
2.6
2.5
2.1

Year

Tufted Puffin
1975
1976

1977

Location

wg“d~y;oo
R=dW

K

a

=Growth parameterswerecalculatedfrom data suppliedby OCSEAP investigatorsat eachcolony(seeintroductionand othertables),exceptfor the Barren
Islandswhich are given in Manuwal and Boersma(1977). CathedralIsland data wereprovidedby R. A. Moe (pen. comm.).
bMean adult we&t of Tufted Puffinson UgaiushakIsland.
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TABI .E 9. Estimated fledging success,fledgingweight, and weight of nestlingsnot fledged by last check for unfed
single Tufted and Homed puffins on Ugaiushak Island, 1976 and 1977.
Tufted Puffin
n

Total number of nestlings
monitored
Nestlings fledged
Nestlings of fledging
weightbnot fledged
Nestlings below fledging
weight not fledged
Known nestling mortality
Estimated fledgingsuccess

1976
2

SD

n

1977
K

Homed Puffin
1977
n
R

SD

50
19 (38%)

567

37.2

21
6 (29%)

556

37.3

21 (42%)

563

36.6

7 (33%)

572

44.8

1 (9%)

403

3 (6%)
7 (14%)
86%

469

35.5

7 (33%)
1 (5%)
95%

385

64.5

9 (82%)
1 (9%)
9 1%

328

SD

11
0

59.2

a 1976 = 2 September;1977 = 27-28 August.
bTufted Puffin= 496 g; Homed Puffin= 4M) g.

each of Tufted and Horned puffins. Of these,
one chick of each specieshad been deserted
by its parents. None of the four remaining
chicks, ranging in age from 42 to 46 days, had
fledged when I left the island. All four chicks
grew much more slowly than chicks in other
colony years (Table 8) and when last weighed
were at least one-third lighter than chicks of
equivalent ages on Ugaiushak in 1976 and
1977. Becauseof their very slow growth rates,
I doubt that any of these chicks fledged.
Estimates of fledging successon Ugaiushak
for Tufted Puffins in 1976 and 1977 and for
Horned Puffins in 1977 were the highest reported for any coloniesduring those years (Table 10). Breeding failures comparable to those
suspectedfor Tufted and Horned puffins on
Buldir and thought to be related to poor feeding conditions have been reported for Tufted
Puffins on Triangle Island, British Columbia
(Vermeer et al. 1979) and for Atlantic Puffins
in Britain, Norway, and Newfoundland (Boddington 1960, Mills 198 1, Working Group on
Atlantic Seabirds 1982).
Aspects of food delivery are primarily inherent characteristicsof puffin feeding behavior, presumably not subjectto variation in response to environmental change. Other
componentsof nestlingecologymay, however,
be affected, and thus may serve to indicate
changesin feeding conditions. Of these, fledging successis overall the best measure of a
population’s reproductive health, but it is often
affected by factors other than feeding conditions (e.g., weather [Manuwal and Boersma
19771, predation [Amaral 1977, Lehnhausen
19801).Growth rate, on the other hand, is sensitive to variations in feeding conditions
(Ricklefs and White 1975) and is largely determined by the combined effects of feeding
frequency, prey size, and the prey speciescomposition, size, and weight of food loads.
My interpretation that slow growth in Tuft-

ed and Horned puffin chicks on Buldir was
associatedwith poor feeding conditions in that
year is based on three points. First, despite
extensive searching,I found few chicks; many
adults had apparently deserted their eggs or
chicks early in the nestling period. A similar
desertion by Tufted Puffins during incubation
on Triangle Island may have been caused by
food shortageor weather interference with foraging (Vermeer 1978). Second, contrary to an
expected increase in numbers of adult puffins
observed carrying food to their young on 12
versus22 August, I sawno changein the number of Tufted Puffins and proportionally fewer
Horned Puffins. A decrease in feeding frequency was associated with apparent food
shortageand the starvation of young Atlantic
Puffins (Harris and Hislop 1978). Third, capelin were absentand sand lance comprised less
than 45% of all prey in puffin food loads on
Buldir; in other colony years,where chicksalso
grew faster, sand lance and/or capelin made
up at least 85% of all prey. The presence of
specific prey species in Atlantic Puffin food
loads resulted in significant differences in
fledgingweight (Harris and Hislop 1978). The
slow growth rates of Tufted and Horned puffin
chicks on Chowiet Island were also associated
with poor feeding conditions, as indicated by
10% of the 48 chicks monitored having died
of starvation (Leschner and Burrell 1977).
The growth rates of Tufted and Homed puffins on Buldir and Chowiet islands(0.9 to 1.5%
of adult weight/day) provide data on rates of
nestlinggrowth during yearswhen feedingconditions were apparently poor. Data on growth
rates of chicks raised under apparently favorable feeding conditions are provided by the
experimental chicks on Ugaiushak in 1977.
Growth rates of Tufted Puffin unfed and fed
singlesand twins and Horned Puffin unfed and
fed singlesand unfed twins did not differ intraspecifically. These results indicate that
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TABLE 10. EstimatedfledgingsuccessofTufted and Homed puffinsduringvariousAlaskancolony years(n = number
of chicks monitored).
Tufted Puffin
Location

Year

1975
1976

1977

Buldir Island
Ugaiushak Island
Barren Islands
Chowiet Island
Shumagin Islands
Ugaiushak Island
Barren Islands
Sitkalidak Strait
Wooded Islands

a Number of burrows

Homed Puffin

n

Fledgin
S”CCeSS( k )

n

2
50

8;

_2

-

69
56
;;’

11
32
10
11
13
--

z:
90
91
69
-

16
32
21
39
41
93

;;:
0

sE..~@o,

0

SOlKlX

this study
this study
Manuwal and Boersma ( 1977)
Leschnerand Burrell(1977)
Moe and Day (1979)
this study
Manuwal and Boersma(1977)
Baird and Moe (1978)
Lehnhausen(1980) ’

monitored.

weight gains of 2.5% adult body weight/day
were near maximum and that feeding conditions were nearly optimal. Although sample
sizeswere too small for statisticalcomparison,
my interpretation is supportedby the fact that
captive chicksand unfed singlesgrew at similar
rates. The data also suggestthat a feedback
mechanismin food delivery may exist between
chicks and adults for both puffin species.
Data on the major components of the feeding ecologyof nestlingTufted and Horned puffins for various colony yearsin Alaska are summarized in Table 11. They are insufficient to
establisha reliable correlation between feeding
conditions and feeding frequency, prey size, or
prey speciescomposition, size, and weight of
food loads. Nevertheless, changesin feeding
conditions should at least be suspectedif data
in future studiesdiffer significantly from those
presented in Table 11. Currently, however,
growth rate alone is the most reliable criterion
by which feeding conditions can be assessed.
The high growth ratesand estimated fledging
successof unfed Tufted and Horned puffin
twins on Ugaiushak in 1977 neither refute nor
supportLack’s (1954) hypothesisthat the clutch
size of a bird speciescorrespondswith the largest number of young for which the parentscan,
on the average, provide enough food. In addition, my findings do not strengthenor contradict Nelson’s (1964) conclusion that, although some uniparous seabirdscan rear two
young sufficiently well to give those birds a
substantialreproductive advantage over pairs
having single chicks, they do not do so naturally. Although both Tufted and Horned puffin
pairs were apparently able to fledgetwo young
during that colony year, the data are too few
to determine whether or not they could do so
“on the average.”In exceptionto Lack’s (1954)
view, the clutch size of many speciesof birds
is determined by constraints on the laying female rather than the inability of pairs to feed
more young (seeKlomp 1970, von Haartman
1971).

That uniparity in puffins may be a result of
such constraints is suggestedby the results of
egg replacement experiments I conducted on
Ugaiushak in 1977 (Wehle 1980). In 10 each
of Tufted and Horned puffin nestsfrom which
I removed the original egg soon after it was
laid, 7 and 3 nests, respectively, contained a
replacement egg 10-2 1 days later. Only if a
female was able to lay a secondeggsoon after
the first eggwas lost (within severaldays rather
than 10-2 1 days) could constraintson the laying female be discounted.
For the data to supportNelson’s (1964) contention that pairs rearing two chickshad a substantialreproductive advantageover pairs with
single chicks, several questions must be considered: (1) Is sufficient hardship imposed on
the female by laying a second egg or on the
pair by rearing two chicks to reduce their potential contribution of young?(2) Is post-fledging survival of two chicks less than that of
singles?(3) Does the attempt to rear two chicks
lower fledging success?No information is
available on puffins to answer the first two
questions,and current data are insufficient to
answer the third (Nettleship 1972; Corkhill
1973; M. P. Harris, pers. comm.; this study).
CONCLUSIONS
Pacific sand lance and capelin are the most
important prey speciesfor nestlingTufted and
Horned puffins in Alaska. More information
is needed on the life histories of these fish in
Alaskan waters and on the relationship between certain aspectsof their life histories(e.g.,
age, size, seasonalmovements) and predation
by puffins and other seabirds.
Data for some aspectsof the feeding ecology
of nestling Tufted and Horned puffins currently are too variable to make a reliable correlation with feeding conditions. The data suggest that feeding frequency and prey species
composition of food loads may be better indicators of feeding conditions than prey size
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TABLE 11. Summarized data for major components of the feeding ecology of nestling Tufted and Homed puffins
during various Alaskan colony years.
Compo”e”t
of
feedingecology
Food delivery

Feeding frequency

Variation’
Prey species
Primary prey
Subordinateprey
Variation
Prey size/Age

Variation
Bill load size (no. prey)
K f SD, n’ (n”)b
Range of n’ (n”)
Variation
Bill load weight (g)
K f SD, n’ (n”)
Range of n’ (n”)
Variation
Growth rates (%/day)
K f SD, n’ (n”)
Range of IZ’
Variation
Fledging successE
(%)
.X * SD, n’ (n”)
Range
Variation

Tufted Puffin

Homed Puffin

-begins when chicks are one day old
-food dropped on nest site floor, often
near entrance
-specific feeding behavior of adults,
particularly when chicks are young
-feedback mechanism may exist between chick
behavior and stimulation of adults
to deliver food
-0-6 food loads/day, chicks sometimes
not fed for two consecutivedays
-loosely synchronizedwithin population
-throughout daylight hours, most
deliveries in morning
-seasonal, tending to increasewith
chick age (?)

-as for Tufted Puffin
-as for Tufted Puffin

-sand lance and capelin
-cephalopods, gadids, sculpin, greenling

-as for Tufted Puffin
-greenling, gadids,
cephalopods,sandfish
-as for Tufted Puffin
-as for Tufted Puffin
-sand lance and squid
as for Tufted Puffin

-seasonal, annual, geographic
-usually 50-100 mm
-sand lance mostly age classes0 and 1
fewer age class2; capelin mostly age
class 1, fewer age classes0 and 2;
squid all subadults
-seasonal (no trend), annual, geographic

-as for Tufted Puffin
-as for Tufted Puffin

- 2-6 loads/day
-as for Tufted Puffin
-as for Tufted Puffin
-unknown

-unknown

-5.3 f 2.3, 6 (269)
-3.4-10.1 (l-29)
-seasonal (no trend), annual, geographic(?)

-5.2 f 4.0, 5 (98)
-1.5-12.6 (l-65)
-annual (?), geographic(?)

-13.9 + 4.3, 7 (159)
-7.5-20.4 (2.3-36.5)
-annual, geographic(?)

-11.9 f 3.2, 5 (74)
-7.9-17.0 (2.5-35.0)
-geographic (?)

-2.2 * 0.5, 10 (137)
-0.9-2.7
-geographic

-2.1 f 0.5, 6 (43)
-1.2-2.7
-as for Tufted Puffin

-82 * 11, 8 (217)
-0-95
-annual (?), geographic(?)

-65 + 21, 6 (79)
-0-91
-as for Tufted Puffin

*Seasonal
variation is that observedduring nestlingperiod at samecolony in sameyear;annual variation is that observedat samecolonyamongyears;
geographicvariation is that observedamongcolonies.Questionmarksindicatenon-statisticallydocumentedvariation.
bWeighted mean and standarddeviation for all colonyyearscombined,n’ is numberof colonyyears;n” is total numberof samplesfor all colonyyears
combined.
CPercentof chickshatched

or load size and weight. Nevertheless, growth
rate (as the combined product of all components) is currently the best indicator of feeding
conditions for puffins. Growth rates of 1.5%
adult body weight/day or lessreflect poor feeding conditions and, in general, are correlated
with low fledgingsuccess;growth rates of 2.5%
or more reflect the bestfeeding conditions and,
in the absenceof other mortality factors, are
associatedwith high fledging success.Growth
rates have varied considerably among colony
years in studies thus far. Hence, data from a
number of colony years will be neededin order
to establisha credible relationship betweenoff-

shore development and changes in feeding
conditions as indicated by growth rates.
In yearsof favorable feedingconditions,pairs
of both Tufted and Horned puffins can successfully rear two chicks; that they do not do
so naturally is probably the result of constraints on the laying female.
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