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ABSTRACT

Somach contents were analyzed of six pygmy sperm whales (Kogia breviceps) and five
dwarf sperm whales (Kogiasima) whichwere taken asby-catch or werestranded specimens
in coasta Taiwan from 1998 through 2000. Twenty-two species in 12 families of oceanic
cephalopods wereidentified. In pygmy sp erm whales, Enoploteuthis chunii, Shenoteuthis
oualaniensis, and Taonius pavowere theprimay prey in thedie, whileE. chunii, Higtioteuthis
miranda, and T. pavo werethemost important prey items ingested by dwarf sperm whales.
Although the primary prey items thesetwo speciesingested were very similar, each item
comprised adifferent proportion for each whale species. A similarity test demonstrated a
significant differenceinprey composition, and SSIM PER andy sis showed that E. chunii was
ranked first and contributed 37.1% to the average dissimilarity between pygmy and dwarf
sperm whales. Pygmy spermwhaes fed on much larger T. pavo compared to those ingested
by dwarf spermwhdes, while dwarf sperm whalesingested more H. miranda than did
pygmy spermwhaes. Theseresults suppart the view that py gmy spem whaleslive seaward
of the continentd shdf and that dwarf sperm whales live morein coasta waters.
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INTRODUCTION

Pygmy (Kogia breviceps) and dwarf sperm
whales (Kogia sima) occur in tropical and tem+
perate latitudes worldwide. They are generally
sighted in waters over the continental shelf and

slope in eastern Taiwan (Yeh, 2000). Several
studies haveindicated that pygny spermwhales
live mostly beyond the edge of the continental
shelf, whiledwarf spermwhales inhabit the shelf-
edge and slope waters (e.g., Rice, 1998).
Several studies have reported the stomach
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contents of stranded Kogi a species, i.e., from
South Africa (Sekiguchi et al., 1992) and south-
eastern and southern Brazil (Santos and
Haimovici, 2001). These reports showed that
most of the stomach contents of Kogia species
are oceanic cephalopods, with Histiotuethisspp.
dominating the diets, with only afew remains of
fishes and crustaceans being found (Sekiguchi
et al., 1992, Santos and Haimovici, 2001).
Stranded animals are often used for diet analy ses,
but they are usually unhealthy and have fewer
stomach contents (Jones, 1981) than do non-
stranded animals, and may have different prey
compositions (Leatherwood et al., 1978) in their
stomachs; therefore, they might not provide data
representative of normal diets.

The beaks of cephalopod remains in stomach
contents are usually in a condition where identi-
fication to family, genus, and often species is
possible, and estimations from beak size can be
mede of their relative contribution to the diet by
weight and number of various taxa (Clarke,
1986). Thisis not only important for dietary
analysis, but also informative with respect to the
distribution and relative abundance of the vari-
ous cephalopod taxa in the sea, becausemany of
the cephalopods eaten by oceanic cetaceans are
rarely caught in nets (Clarke, 1986).

Little isknown about the stomach contents of
Kogia species from Taiwanese waters. The
present collections of the stomachs of two Kogia
species were from stranded and by-caught
specimens. The aimof this paper was to provide
the first dietary information for pygmy and dwarf
spermwhales fromTaiwanese waters. This study
also presents a qualitative description of the diet,
and the relative importance of prey species as-
sessed through frequency of occurrence, as well
as numerical and biomass indices.

MATERIALSAND METHODS
Samplecollection
Sixand five stomach samples were collected

from by-caught and stranded specimens of
pygny and dwarf sperm whales, respectively,
fromthe west and east coasts of Taiwan, during
1998 through 2000. Stomachs were tied off at
the esophageal and pyloric ends prior to being
removed intact from the animal. Each stomach
was tagged with an individual specimen number
and stored in afreezer. Data of each cetacean
individual, including its length and sex, were
collected in port.In thelaboratory, stomachswere
thawed ov ernight at room temperature prior to
preliminary sorting and specimen preservation.
The stomach of each specimen was weighed full
and empty to the nearest 0.1 g with an A&D G~
6000 balance.

In the laboratory, the contents of each stom-
ach were carefully removed, separated into iden-
tifiable components, and drained of excess fluid.
The stomach lining was thoroughly rinsedinto a
shallow tray and then through a series of sieves
with mesh sizes of 1.4and 0.5 mm, and 500 im
in orderto recover al isolated cephalopod beaks.
Dorsal mantle length and weight of the cephalo-
pod prey that were whole or nearly whole were
recorded, and the beaks were extracted fromthe
intact prey and saved as reference material for
species identification. The cephalopod beaks
were sorted and preserved in 70% ethanol.

Prey identification and enumeration

Cephalopod beaks were identified using the
private reference collection of W. A.Walker and
fromillustrations and keys presented in Clarke
(1986). The maximum number of upper or lower
beaks was used to estimate the minimumnum:
ber of cephalopods ingested. Therelative impor-
tance of prey specieswas evaluated by means of
the frequency of occurrence and the percentage
by number (Hy slop, 1980).

Estimation of prey size
Estimations of the origina dorsal mantle
length (DML) and weight of the commonly oc-
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curring prey were based on measurements of
lower beak rostral length (LBRL). The LBRL was
measured to the nearest 0.01 mmwith vernier
calipers or an optical micrometer. Damaged or
eroded specimens were not measured. The DML
and weight of Enoploteuthis chunii were esti-
mated using equations developed from intact
spedmensin stomach contents. Regression equa-
tions for other cephalopod prey werefrom Clarke
(1986). When identification to species level was
not possible, cephalopod weight and length were
estimated by using regressions available for the
genus or family.

Comparativeanalysis

Non-parametric multivariate techniques were
used tocompare differences between thediets of
the pygmy and dwarf spermwhales. The com+
puter software package PRIMER (Plymouth
Routines In M ultiv ariate Ecological Research)
was used in the analysis. The data were put into
triangular matrices based on Bray-Curtis
similarities. An ANOSIM permutation test was
performed to test the null hypothesis that there
were no differences between species. It is based
on anon-parametric permutation procedure and
is applied to the ranked similarity matrixunder-
lying the classification or ordination of samples.
Randomization tests for significance were used
for a priori selection by comparing the ranked
similarities of samples between and within
species. ANOSIM derives atest statistic, R, from
amatrix of ranked similarities between all repli-
cate sarmples, which represents the degree of dif-
ference between seasons or species. Intheory, R
can take any value between 1and -1, and R=1
if al replicate samples within a species are more
similar to each other than to any samples from
other species, while an Rvalueof Oindicates that
within group similarities are, on average, equal
to between-species similarities. Another tech-
nique (Similarity Percentages, SIM PER) was
used to reveal the percentage contributions of

each taxon to the average dissimilarity between
the two Kogia species. The mean contribution of
each species to the dissimilarity of two clusters
is defined as an averageoverall cross-group pair
of samples. This yields an assessment of which
prey species arediagnostic species between the
two Kogia species.

RESULTS

Both pygmy spermwhales and dwarf sperm
whales fed on oceanic squid. Muscular squid
comprised more than 60% of the diets of these
two Kogia species, both numerically and on a
weight basis (Table 1). Cephalopods ingested
were neutrally buoyant squid such as
Histioteuthis miranda and Taonius pavo which
amounted to 30% of the specimens eaten and
muscular squids like Enoploteuthischunii and
those of the Ommastrep hidae which comprised
70%. For both species of whales, E. chunii and
T. pavo made up about 70% of the total number
of prey itemsingested. They were also the im-
portant prey onaweight basis.

Kogia breviceps (Pygmy sperm whale)

Eighteen species in nine families of squids
were identified by beaks or undigested remains.
The enoploteuthid squid, E. chunii, was the pri-
mary prey, representing 48.6% of thetotal prey
counts, withan overall occurrence of 50.0%. The
cranchiid squid, Taoniuspavo, ranked secondand
made up 18.9% of the total number of prey
ingested, with an overall occurrence of 33.3%.
The ommastrephid squid, Sthenoteuthis
oualaniensis, was the third most abundant prey
itemand represented 5.4% of the total number
of prey items, with an occurrence of 66.7% (Table
2). The squids eaten were small to large sized,
the estimated mantle length of the prey ranged
from48.6 to 490.2 mm, and the weight ranged
from14.8 to 1186.3 g (Table 3).

Sthenoteuthis oualaniensiswas the most im-
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Table 1. Percentage of number (N) and weight (W) of muscular and neutrally buoyant squid in the
diets of pygmy and dwarf spermwhales

Pygmy sperm whale Dwarf sperm whale

Type N% W% N% W%
Muscular 65.7% 63.2% 74.0% 60.3%
Neutrally buoyant 34.3% 36.8% 26.0% 39.7%

Table 2. Occurrence (F), number (N), and estimated total weight (W) for prey recovered frompygmy (n
= 6) and dwarf spermwhales (n =5), fromcoastal Taiwan.

Pygmy spermwhae (Kogia breviceps Dwarf spermwhde(Kogia sma)
Cephdopod species F Po N Nwo W W% F Po N Nwbo W W

Fnonlota ithidae

Enoploteuthis chunii 3 500 180 486 5380 145 3 600 72 585 211 384
Ancistrocheridee

Andisrochearus lesueurii 1 167 2 05 582 16 - - - - - -
Octopoteuthidae

Octopoteuthis sp. 1 167 2 05 4587 12 - - - - - -

Octopoteuthissn. cf O.ddetron 1 167 6 16 13423 36 - - - - - -
Onvchoteuthidae

Moroteuthisloennberoi 2 3B3 11 30 240 61 1 200 1 08 388 07

Onychoteuthisbankdi 1 167 2 05 3841 10 3 600 3 24 257. 47
L epidoteuthidee

Phalidoteuthisboschmai 2 333 5 14 3184 87 - - - - - -
Hidtioteuthidee

Hidtioteuthishoylei 3 500 7 19 12556 34 - - - - - -

Hidtioteuthis miranda 2 3B3 17 46 24431 66 1 200 13 106 149 27.2

Hidioteuthisreversa 3 500 6 16 3561 09 - - - - - -
Ommestrephidae

Eudeoteuthisluminosa 3 500 4 11 2135 06 3 600 4 33259, 47

Ornithoteuthisvolatilis 3 500 13 35 1506 43 1 200 3 24 308 56

Shenoteuthis oudlaniend's 4 667 20 54 9/%B5 264 1 200 1 0812 22
Ctenoptevaidee

Ctenopteryxscula - - - - - - 1 200 1 08 306 06

Ctenopteryx 9. - - - - - - 1 200 6 49 184. 33
Cydoteuthidee

Discoteuthis 0. 1 167 2 05 2841 08 1 200 1 08 113 21
Madtiooteuthidae

Madtigoteuthis hiorti 5 83 17 46 10668 29 - - - - - -
Chiroteuthidee

Chiroteuthisp d C. veranwii 1 167 1 03 92 03 - - - - -
Cranchiidee

Taonius pavo 2 B3 70 189 60979 164 2 400 14 11454 99

Galiteuthis armata - - - - - - 1 200 2 16 134 0.2

Leachia didocata - - - - - - 2 400 2 16 171 03

Teuthoweniasp. 2 333 5 14 2916 08 - - - - - -

Total 1€ 361 12 123

Notes: F%, the percentage of non-empty stomachs that contained a particular category of prey; N%, the per-
centage of total number of prey consumed; W%, percentage by weight.
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portant prey onaweight basis forthepygny sperm
whale, representing 26.4% of the total weight in
the stomach contents. The estimated length fre-
quency of S. oualaniensisranged in sizefrom164.
8t0 305.3mmin dorsal mentle length with amean
length of 233.5 mm. Estimated weights for S.
oualaniensisranged from158.5t0 1071.1 gwith a
mean weight of 489.8¢g (Table 3).

Kogia sima (Dwarf sper m whale)

Thirteen species in seven families of squid
were identified by beaks or undigested remains.
The enoploteuthid squid, E. chunii, was the pri-
mary prey and represented 585% of thetotal prey
counts, withan overall occurrence of 60.0%. The
cranchiid squid, T. pavo, ranked second and made
up 11.4% of the total number of prey items
ingested, with an overall occurrence of 40.0%.
Thehistioteuthid squid, H.miranda, wasthethird
most abundant prey itemand represented 10.6%
of the total number of prey items, with an occur-
rence of 20.0% (Table 2). The squid eaten were
small to medium sized, with estimated mantle
lengths ranging from 30.4 to 348.3 mm and
weights ranging from5.3to 175.5g (Table 3).

Enoploteuthis chunii was the most important
prey on aweight basis for dwarf spermwhales,
representing 38.4% of the total weight of stom
ach contents. The estimated length frequency of
E. chunii ranged in size from 56.3to 88.4 mmin
dorsal mantle length with a mean length of 71.3
mm. Estimated weights for E. chunii ranged from
15.1to 51.9g with a mean weight 0f29.4 g (Table
3).

Comparativeanalysis

In total, 22 taxa were identified in this study.
The data matrices were standardized and ana-
lyzed by ANOSIM test, which demonstrated a
significant difference (R = 0.25, p < 0.05) be-
tween the pygmy and dwarf sperm whale
samples. The SIMPER analysis identified eight
prey species that contributed greater than 90%

of the dissimilarity between the two Kogia
species; they were E. chunii, T. pavo, M. hjorti,
S. oualaniensis, H. hoylei, Eucleoteuthis
lumnosa, Onychoteuthisbanksii,and H.miranda
(Table 4). The enoplotheuthid squid, E. chunii
ranked first and contributed 37.1% to the aver-
age dissimilarity.

DISCUSSION

This paper presents new dietary information
for Tailwanese waters by comparing differences
in stomach contents between by-caught and
stranded specimens of pygmy and dwarf sperm
whales. Qur findings indicate that pygmy and
dwarf spermwhales in Taiwanese water feed
exclusively on oceanic squid. The squid typically
have elaborate luminescent organs, are small to
mediumin size, school in large numbers, and
undergo diel vertical migrations. Sekiguchi et al.
(1992 reported that both pygmy and dwarf sperm
whales feed on cephalopods of the continental
slope and on neutrally buoyant squid. Both spe-
cies of whales also feed on some hake. Santos
and Haimovici (2001) found that the cephalo-
pods eaten were small to medium sized, among
which neutrally buoyant squids accounted for
65% of the specimens, while muscular families
represented 31%. This report showed no differ-
encesinthe families of cephaopods eatenby the
two Kogia species. It is important to examine
met erial from non-stranded animals in order to
obtain a more-accurate picture of Kogia diets.
Our data were collected fromboth stranded and
by-caught specimens, and show that muscular
squid comprised more than 60% of the diets of
thesetwo species of Kogia, both numerically and
on aweight basis. Dwarf spermwhales ingested
more muscular squid than did pygmy sperm
whales (74.0% for dwarf and 65.7% for py gmy
sperm whales, on a weight basis). This result
contradicts those reported by Sekiguchi et al.
(1992) and Santos and Haimovici (2001).
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Table 4. SIMPER analysis of cephalopods ingested between pygmy spermwhales (KB) and dwarf
spermwhales (KS), with acut off when the cumulative percent contribution to average

dissimilarity reached 90%.

Average dissimilarity = 88.72

Average abundance Avg. Diss. Contrib.% Cum.%
Species KB KS

E. chunii 30.0 14.4 329 37.1 37.1
T. pavo 11.7 28 131 14.8 51.8
M. hjorti 238 0.0 7.9 8.9 60.8
S oualaniensis 33 0.2 7.8 8.8 69.5
H. hoylel 12 0.0 5.3 59 75.4
E. luminosa 0.7 0.8 4.8 54 80.8
O. banksii 0.3 0.6 4.5 51 85.9
H. miranda 28 26 4.4 5.0 90.9

Contrib%, percentage of contribution to dissimilarity; Cum.%, cumulative percentage of contribution

dissimilarity; Avg. Diss., average dissimilarity.

Enoploteuthis chunii was one of themost im
portant prey of Kogia species. Larval
enoploteuthids are most abundant at depths of
100-150 mduring the day, and at 30-50mat night
(Young and Harman, 1986). Adults occur at
depths of 300-600 m during the day, migrating
to the upper 150 mat night (Roper and Young,
1975). Female enoploteuthid squid typically
meture at about a dorsal mantle length of 50 mm
(Kubotaet al., 1982; Riddell, 1982). Estimated
dorsal mantle length for E. chunii in the present
stomach samples ranged from 55.9 to 88.4 mm,
indicating the Kogia species off coastal Taiwan
were feeding on adult E. chunii. In the coastal
waters of Taiwan, E. chunii has previously been
reported from the stomach of one Cuvier's
beaked whale stranded in northwestern Taiwan
at Houlong, Miaoli County (Wang et al., 1995).

Histiotetuhis miranda is believed to be asso-
ciated with shallow ocean-floor topography,
which occurs near continentd slopes, islands,and
submarinerises (Voss et al., 1998). Histiotetuhis
miranda was most abundant in water depths of
less than 1000 mas indicated by ther abundance

in the diet of spermwhal es (Clarke, 1980). Dwarf
spermwhales ingest more H. miranda than do
pygmy spermwhales (27.2% for dwarf and 6.
6% for pygmy spermwhales, on aweight basis),
indicating the more-coastal habitat of dwarf
spermwhales in eastern and western Taiwanese
waters. This result is consistent with those re-
ported by Rice (1998).

The cranchiid squid, T. pavo is also an impor-
tant prey item in the Kogia diet. Young (1975)
found its paralarvae in the upper 400 m; juve-
niles from50 to 140 mmin dorsal mantle length
(DML) were captured at between 500 and 700
m, with most being taken between 600 and 650
m. This species appears to exhibit ontogenetic
descent and does not undergo a diel vertical mi-
gration (Roper and Young, 1975). The estimated
mean DML for T. pavo was 309.4 mmin the stom-
ach contents of pygnmy spermwhales, which was
larger than those ingested by dwarf spermwhales
(205.9 mm). These findings suggest that pygmy
spermwhales may divedeeper than dwarf sperm
whales.

The purpleback flying squid, S. oual aniensis
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was the most important prey in the stomach of
pygmy sperm whales on a weight basis.
Sthenoteuthis oualaniensisis an oceanic squid
widely distributed in the western Pacific and In-
dian Oceans. Sthenoteuthis oual aniensisisscat-
tered at depths rangingfromthe sea surfacedown
to 200mat night. Thedepth of abundance ranged
from 50 to 100 m (Siriaksophon et al ., 2000).
The squid remain deeper than 350 mduring the
day. Sthenoteuthis oualaniensis migrates into
eastern waters of Taiwan; its fishery production
peaks during May to August, and it is used for
bait in longline fisheries.

Little is known about cephalopods fromthe
upper slope and open ocean of Taiwanesewaters.
Many of these offshore cephalopods were absent
from former cephalopod surveys (Lu, 1998;
2000). Stomach contents of opportunistic feed-
ers in different geographic regions are likely to
reflect the composition of the fish and cephalo-
pod fauna (Young and Cockcroft, 1994). The
information obtained fromKogia stomach con-
tentscan contributeto our knowledge of the oce-
anic cephalopod fauna of Taiwan. Evidence
based on the cephdopod remainsin Kogia stom
ach contents suggeststhat pygmy spermwhales
live seaward of the continental shelf. Dwarf
spermwhales live over the continental shelf and
slopeand are somewhat morecoastd than pygmy
spermwhales.
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