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Gygax, L. (2002) Niche Separation and Niche Overlap in the Delphinoidea (Delphinidae, Phocoenidae and Mon-
odontidae). Available on http://www.proximate-biology.ch/lgygax/phd/info.html: The Delphinoidea species
can be successfully classified by ecological variables using discriminant analysis in a step-wise
procedure and thus the species seem to have non-identical niches. In a first step, the Del-
phinoidea species can be split in three groups according to body length: 17 species of small
Delphinoidea, 6 species of large Delphinoidea and the killer whales (Orcinus orca). The large
Delphinoidea can then be categorised on their own with a remaining classification error of about
10 %. To achieve a similar result for the small Delphinoidea they have to be split according to
region. Data for the North Atlantic and the North Pacific are evaluated. Though all the species
of the North Atlantic also occur in the North Pacific these categorisations have much lower
misclassification rates. This indicates that niches are more strictly separated within a region
than between regions and thus some species in the North Atlantic may occupy similar niches
to those of other species in the North Pacific. Body length was again the most important
variable in the discriminant analyses on the three species subsets. This is surprising in that
one would assume that species of similar body length tend to occupy similar niches and would
thus displace each other by competition into ecological niches that differ e.g., in their physical

characteristics and/or their prey spectrum.

Every species is assumed to have found its
own niche over the course of its evolution-
ary development. A niche can be seen as the
specialisation of a species and it is thought
that no two sympatric species may occupy the
same niche. Competition would be high and
such that species would specialise into differ-

ent niches (Pianka, 1976).

This is not different for the Delphinoidea.
But, though data on these species has rapidly
accumulated over the recent years, no at-
tempt has been made so far to investigate
niche separation and niche overlap in the Del-
phinoidea quantitatively and comprehensively.
Most studies have compared only few species
in a restricted geographical area (e.g., Per-

rin et al., 1973; Perrin, 1975; Scott and Cat-
tanach, 1998) or closely related sympatric sub-
species differing in their ecology such as bot-
tlenose dolphins (Hersh, 1990; Hoelzel et al.,
1998) common dolphins (Rosel et al., 1994),
and killer whales (e.g., Morton, 1990; Ford
el al., 1994).

In a recent interspecific comparison Gygax
(2000) showed that species is the one most
important predictor of group size in Delphi-
noidea, t.e., group size of Delphinoidea species
could be predicted well by the species but
ecological variables had only little predictive
power. Though many species show highly vari-
able group sizes, group size does on average
show some species specificity. Of course, there
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are several species with similar group sizes and
thus not all the species are different.

Still, the group sizes could represent a part
of the specific niche of a species. It is then
tempting to see whether and how group size
and variables on the physical environment, the
diet and the life-history might be used to dif-
ferentiate between these species.

In addition to a better understanding of
the ecology of the different species this ap-
proach potentially gives new insights into their
still unresolved phylogeny complementing evo-
lutionary information based on DNA and mor-
phology (e.g., LeDuc et al., 1999). One would
expect the highest niche segregation between
the families Delphinidae, Phocoenidae and
Monodontidae which seem to have split early
at almost the same time (Milinkovitch et al.,
1993, 1994; Arnason and Gullberg, 1996). The
same 1s true within the subfamilies as a con-
temporaneous radiation is suggested at least
for some subfamilies of the Delphinidae (Del-
phininae, Globicephalinae and Cephalorhyn-
chinae, Ohland et al., 1995) and the species
of the Phocoenidae (Rosel et al., 1995a).

The segregation into different niches is inves-
tigated in the present study using discriminant
analyses. This will show whether and how the
Delphinoidea species can be differentiated by
their ecology, sociobiology and life history. The
variables used to reflect these concepts were
physical parameters of the habitat, group size,
diet composition, body length and body length
dimorphism.

Methods

Data base — The data used for the present stu-
dy is part of a larger data set put together from
published and unpublished literature avail-
able up to November 1998 (the data base
and a more detailed description including all
references are available on http://proximate-
biology.ch/lgygax/phd/info.html). The aim of
the principal database was to collect data on
group size in Delphinoidea and to comple-

ment this data with information on life-history,
physical environment and diet. An attempt
was made to estimate all this information as
exactly as possible. Single studies reporting
group size were chosen as the replicates to
catch as much variability in group sizes as pos-
sible but to ensure that only data from one
location (“population”) contributed to the re-
ported numbers.

A case in the data base was defined by each
(independent) study that reported some mea-
sure of group size (Table 1). This information
was then complemented. In most cases envi-
ronmental variables were complemented with
the aid of depth and surface temperature maps.
Information on the life-history variables came
from one or several other publications (per re-
gion) as did information on prey (Table 1). All
values are local means (e.g., body length is the
average length achieved by animals of a cer-
tain species in a certain geographical region).
If several sets of information for one species
and region were available for group size and
diet and/or life-history data, the different kind
of information was randomly combined. If no
information was available for a given species
in a specific region the information from the
geographically closest location was chosen as
This is based on the as-
sumption that animals in geographically close
regions are similar and that, in principal, they

the best estimate.

would have values in these variables that are
similar to those of near regions.

Variables — The response variable for the dis-
criminant analysis is species. This was used
as indicated in the papers (an overview can be
found in Rice, 1998). As explanatory variables
the following were included in the discriminant
analysis:

The average group size was defined as the
average of all observed groups in a given study.
A group was usually defined as all animals that
were spatially close together and were engaged
in the same behaviour.

The physical environment was characterised
using type of habitat, a measure of habitat
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Table 1: Number of studies from which information on the explanatory variables have been gathered.

There are at least as many for the physical environment as for group size because these variables have

been inferred from the location of the sightings where

no specific information could be found. The number

of studies including information on diet and body length measurements (and not only estimates) are also

given.

group size body
physical env. diet length
Cephalorhynchus commersonii 7 7 4
Sotalia spp. 7 4 1
Phocoena phocoena 24 24 5
Phocoena spinipinnis 5 4 2
Stenella longirostris 6 8 5
Lagenorhynchus obscurus 9 6 4
Lagenorhynchus obliquidens 12 8 4
Phocoenoides dalli 31 14 4
Delphinus delphis 28 21 6
Stenella frontalis 6 4 1
Stenella attenuata 12 15 2
Stenella coeruleoalba 24 16 6
Sousa plumbea 7 9 1
Lissodelphis borealis 9 5 1
Lagenodelphis hosei 6 8 2
Tursiops truncatus 81 40 4
Lissodelphis peronii 7 4 1
Grampus griseus 29 13 2
Delphinapterus leucas 5 12 5
Pseudorca crassidens 10 8 1
Monodon monoceros 6 8 2
Globicephala melas 16 19 d
Globicephala macrorhynchus 10 6 2
Orcinus orca 82 111 4

structure, the latitude, the typical tempera-
ture, the temperature range, the relative tem-
perature range per typical temperature, the
typical depth, the depth range and the rela-
tive depth range per typical depth at the lo-
cations where animals were observed. Some of

these variables are highly correlated. Princi-
pal component analysis (PCA) identified four
principal components (PC) that accounted for
92 % of the variability in the original data.
These four PCs were included in the discrimi-
nant analysis as explanatory variables. Ocean
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“openness” increases with distance from shore
(less structured, more open and deeper water).
“Warmth” increases with temperature and de-
creases with latitude and is thus a reflection
of the water temperature. “Specificity” is neg-
atively correlated with range of temperature
and thus with variability of temperature, and
“smoothness” shows high values for little struc-
tured but shallow areas.

For the description of the diet data, four
food categories were available but only three
of them are included in the present analysis
(cephalopods, fishes and mammals/birds). In-
formation on the small invertebrates (mainly
crustacea) was discarded because it was of-
ten not known whether they were prey of the
dolphins themselves or represented secondary
feeding. For each of the three main food cate-
gories information was available on the occur-
rence, the frequency and the proportion (re-
sulting in a total of 9 variables). The oc-
currence just indicated whether the food cat-
egory had occurred in a sample or not, the
frequency is the proportion of individuals in
which the food category occurred (e.g., num-
ber of stomachs with category by total number
of stomachs in sample) and the proportion is
the relative amount of a food category in the
total sample (e.g., number of items of cate-
gory by total number of items in sample). The
three main categories of cephalopods, fishes
and mammals/birds were further classified as
benthic, mesopelagic or pelagic (resulting in a
total of 27 categories) and as social, solitary or
both (resulting in a total of 81 categories).

Due to the correlations among these vari-
ables they were also subjected to a PCA prior
to inclusion into the discriminant analyses.
This resulted in three sets of diet PCs (of which
each explained over 90 % of the variability of
the original variables): set 1 consisted of six
PCs if the PCA was done with all 81 food cat-
egories, set 2 consisted of six PCs if the PCA
was conducted using the 27 occurrence vari-
ables, and set 3 consisted of five PCs if the
PCA was based on the 9 main food categories
(occurrence, frequency and proportion).

Only one of these three sets was included in
any given analysis. More cases were available
for set 2 than for set 1 and 3. As these variables
are not of great importance in the discriminant
analyses no attempt at an interpretation of the
PCs is made.

Life-history parameters can be repre-
sented by measures of length, mass, dimor-

The
data on these parameters is still sketchy at the

phism, maturation and reproduction.

population level and often there is only one
reported measure for each species. Thus, only
the asymptotic length of females and length di-
morphism (length of females / length of males)
were used in this study. Both these measures
were log-transformed.

Statistical methods — Discriminant analysis
was used to classify the different species and
the models were conducted using a 10-fold
cross-validation scheme (Venables and Rip-
ley, 1997, p. 493) thus avoiding overfitting
to the available data. Figures and calcula-
tions were done with R Version 0.63.1 and
0.64.1 (http://www.r-project.org/R). The dis-
criminant analyses were calculated using the
procedure lda from the package “MASS” V
6.1-2 originally coded by W. N. Venables &
B. D. Ripley ported to R by B. Ripley (Ven-
ables and Ripley, 1997, chapt. 13.3). Models
were restricted to the cases for which all vari-
ables included in a given model were available
and to those species with at least five cases.

Results

“Naive” classification — In a first analysis,
all explanatory variables were used to classify
Delphinoidea species. These models included
13, 23 and 13 species and 169, 406 and 169
cases for the three sets of diet variables, re-
spectively. Misclassification errors amounted
to 25, 32 and 22 % even though the two species
with the biggest number of cases (bottlenose
dolphins and killer whales) were correctly clas-
sified amounting to over 30 % correct classifi-
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Niche separation and overlap in the Delphinoidea 5

Table 2: Categorisation of the Delphinoidea species using only body length as an explanatory variable.
Rows are known species, columns predicted species (species are ordered with increasing average body
length). Numbers give the number of cases. All values off the diagonal are misclassifications. Correct
classifications in bold.
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Cc: Cephalorhynchus commersonii, Ss: Sotalia spp., Pp: Phocoena phocoena, Pi: Phocoena spinipinnis,
Sl: Stenella longirostris, Lo: Lagenorhynchus obscurus, Lq: Lagenorhynchus obliquidens, Pd: Phocoenoides
dalli, Dd: Delphinus delphis, Sf: Stenella frontalis, Sa: Stenella attenuata, Sc: Stenella coeruleoalba, Sp: Sousa
plumbea, LI: Lissodelphis borealis, Lh: Lagenodelphis hosei, Tt: Tursiops truncatus, Lp: Lissodelphis peronii,
Gg: Grampus griseus, DI: Delphinapterus leucas, Pc: Pseudorca crassidens, Mm: Monodon monoceros, Gs: Glo-
bicephala melas, Gm: Globicephala macrorhynchus, Oo: Orcinus orca
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Table 3: Categorisation of the large Delphinoidea species using all available variables. Rows are known,

columns predicted species (species are ordered with increasing average body length). Correct classifications

in bold.

Gg Pc Mm Gs Gm

Grampus griseus (Gg) 28 -

Pseudorca crassidens (Pc) 10 -
Monodon monoceros (Mm) 5 1
Globicephala melas (Gs) . 6 5 5
Globicephala macrorhynchus (Gm) - - -9

cations in each analysis by themselves.

If the different variables were used singly for
a discriminant analysis it could be seen that
the most important variable was body length.
The misclassification error of 38 % in the dis-
crimination using body length only is almost
as low as in the full models above (cases: 439,
species: 24). The other 23 available variables
result in misclassification errors of 55 to 86 %
(median 72 %; cases: 178 to 439, species: 13
to 24) when used singly.

Similarly sized species: killer whales, large
and small Delphinoidea — Using only body
length for discrimination, the Delphinoidea can
be split into three groups that are correctly
predicted (Table 2, Fig. 1) by the model.
With increasing average body length these
groups contain the seventeen “small” Del-
phinoidea Cephalorhynchus commersonii, So-
talia spp., Phocoena phocoena, P. spinipinnis,
Stenella longirostris, Lagenorhynchus obscu-
rus, L. obliquidens, Phocoenoides dalli, Delphi-
nus delphis, Stenella frontalis, S. attenuata, S.
coeruleoalba, Sousa plumbea, Lissodelphis bore-
alis, Lagenodelphis hosei, Tursiops truncatus,
Lissodelphis peronii, the six “large” Delphi-
noidea Grampus griseus, Delphinapterus leu-

cas, Pseudorca crassidens, Monodon mono-

Y

ceros, Globicephala melas, G. macrorhynchus
and the even larger killer whales, Orcinus
orca. Note that the families of Monodontidae
(Delphinapterus leucas, Monodon monoceros),
Phocoenidae ( Phocoena phocoena, P. spinipin-
nis, Phocoenoides dalli) and Delphinidae are
not separated in this classification nor are they
responsible for a majority of the misclassifica-
tions.

In the following subsections the categorisa-
tion within the large and small Delphinoidea
is further investigated.

Large Delphinoidea — Only set 2 of the diet
PCs, the set based on the prey occurrence vari-
ables, can be included in the classification of
the large Delphinoidea as there were too few
cases with information on frequency and pro-
portion of prey categories.

The classification of these large Delphino-
idea species is quite successful with a misclas-
sification rate of 17 % which is reduced to 10 %
if the five misclassifications between the largely
allopatric Globicephala species are not counted
as such (total number of cases: 69, number of
species: 5, Table 3).

For this and other successful classifications
below I investigated which of all the available
variables are important for the discrimination
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Table 4: Categorisation of the small Delphinoidea species of the North Atlantic using all available variables.

Rows are known, columns predicted species (species are ordered with increasing average body length).

Correct classifications in bold.

sets of diet PCs 1 2 3
misclassification 8 % 12 % 8 %

Pp Dd Sc¢ Tt Pp Dd Se¢ Tt Pp Dd Sc¢ Tt
Phocoena phocoena (Pp) 11 - - 16 . 11
Delphinus delphis (Dd) - 6 2 3 7 4 4
Stenella coeruleoalba (Sc) 1 3 10 - 3 11 - 2 12 -
Tursiops truncatus (Tt) . 39 46 39

of these species. To achieve this, an allsubset
analysis was conducted for one to six explana-
tory variables, i.e., all models with one vari-
able were calculated, then all combinations of
two variables and so on. Misclassification er-
rors were then plotted against the number of
included variables and either a minimum or a
change in slope from a steep loss to a flatter
loss in misclassification rate was identified to
choose an ‘ideal model’. Typically, a minimum
was reached in the models including 3 to 5 vari-
ables and misclassification errors dropped by
10 to 15 % compared to the best single vari-
able model.

Additionally, the ten models with the low-
est misclassification rate for a given number
of variables were inspected in detail for consis-
tency in the variables.

The ‘ideal’ model for the large Delphinoidea
includes the variables openness, body length,
body length dimorphism, and two of the diet
PCs.
gorisation also seems to be the body length and
dimorphism. Dimorphism and body length
alone reach a misclassification error of 23 %
and 34 %, respectively, and these two vari-

The most crucial variable for this cate-

ables together reach a misclassification error
of 14 %. Other models that manage to cate-
gorise the species well all include the variable
body length, too.
of the importance of body length is the fact,
that only species adjacent in body length are
misclassified (Table 3). Length dimorphism
also helps to distinguish the species. With in-
creasing dimorphism and some overlap we find
the long-finned pilot whale, the melon-headed
whale, the short-finned pilot whale, the nar-
whal and Risso’s dolphin.

An additional indication

It is not obvious
from two-variate plots what additional infor-
maftion is provided by the variables other than

body length.

Small Delphinoidea — The classification of the
small Delphinoidea was not as successful. The
discriminant analysis resulted in misclassifica-
tion errors of 29, 41, 27 % (number of cases:
148, 256, 148; number of species: 10, 16, 10)

for the three sets of diet variables, respectively.

One reason for the high misclassification rate
might be that different species occupy the same
niche in different regions and thus the same
type of evaluation was conducted for the two

(©2002 Lorenz Gygax



Niche separation and overlap in the Delphinoidea

Table 5: Categorisation of the small Delphinoidea species of the North Pacific using all available variables.

Rows are known, columns predicted species (species are ordered with increasing average body length).

Correct classifications in bold.

sets of diet PCs 1
14 %

misclassification

2 3
14 % 16 %

Dd Lq Pd Sa Ll

Pp Dd Lq Pd Sa Ll Sc¢ Tt

Dd Lq Pd Sa Ll

. delphis (Dd)

. obliquidens (Lq)
. dalli (Pd)

. attenuata (Sa)

. borealis (LI)

. coeruleoalba (Sc)
. truncatus (Tt)

23

H WL w»Yg DY
—_ NN = O

. phocoena (Pp) 6

7T 02 - 1 6
3 8 1 2 3 - -1
31 - 4 - 21 -
2 3 - - 1 4 -
4 3 7
1 6

oceanic regions for which enough data was

the North Atlantic and the North

available:

Pacific.

Small Delphinoidea by ocean — North Atlantic
and Mediterranean. The four small Delphi-
noidea in the North Atlantic for which enough
cases were available are classified with an error
rate of 8, 12, 8 % (number of cases: 72, 86, 72)

for the three sets of diet variables, respectively

(Table 4).

The ‘best” models for the small Delphinoidea
of the North Atlantic included the variables
specificity, body length, body length dimor-
phism, diet PC 2 and diet PC 5 for diet set 1,
the variables body length, diet PC 3, diet PC
5 and diet PC 6 for diet set 2 and the variables
openness, body length, length dimorphism and

diet PC 1 for diet set 3.

In all three classifications using either of the
three sets of diet variables, body length was
again the most important variable (reaching

misclassification errors of 19, 20 and 17 % on
its own, respectively) besides some variables
of the physical environment and some of the
diet variables. Again it is not obvious from
bivariate plots how these additional variables
contribute to the success of the classification.
Thus, it is not surprising that the misclassifi-
cations that still occurred are mainly between
species of adjacent body length (Table 4).

North Pacific. The discriminant analysis of
the small Delphinoidea of the North Pacific
resulted in misclassification errors of 14, 14,
16 % (number of cases: 49, 95, 49; number of
species: 5, 8: including all species also occur-
ring in the North Atlantic, 5) for the three sets
of diet variables, respectively (Table 5).

The ‘best” models for the small Delphinoidea
of the North Pacific included the variables av-
erage group size, body length and diet PC 4
for diet set 1, the variables average group size,

body length and diet PC 3 for diet set 2 and the
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variables warmth, specificity and body length
for diet set 3.

Body length was also the most important
variable for discriminating the small Delphi-
noidea in the North Pacific (on its own reach-
ing misclassification errors of 10, 20 and 14 %
for the three sets of diet variables, respec-
tively). The best models included again some
variables of the physical environment and some
of the diet PCs without it being obvious how
these measures helped in the discrimination.
Some details of the model using set 2 of
the diet PCs are (this model includes more
cases and more species): Group size seems
to differentiate between some similarly sized
species. Given a similar body length the Pa-
cific white-sided dolphins are found in smaller
groups than the common dolphins, Dall’s por-
poise in smaller groups than spotted dolphins
and northern right whale dolphins in smaller
groups than the striped dolphins.

Discussion

Delphinoidea species membership can be pre-
dicted based on population typical group size,
physical environment, diet and life-history in-
formation in a step-wise procedure using dis-
criminant analysis. First all species are split
in three body length groups. One group only
contains the largest killer whales. The small
Delphinoidea have to be split additionally ac-
cording to region (North Atlantic and North
Pacific) to enable a successful classification.

All these categorisations seem to be mainly
based on body length reflected in the fact that
all models with similar low misclassification er-
rors include the variable body length, whereas
the additional variables included in such mod-
els are more variable and in the fact that most
misclassifications occur between species of ad-
jacent body length.

Misclassifications in a model of all species
are not more common within than between the
families Delphinidae, Monodontidae and Pho-
coenidae (Table 2) nor are they more common

within than between the subfamilies of the Del-
phinidae (Tables 2, 5; for the most recent sug-
gestion of subfamilies see: LeDuc et al., 1999)
as could be expected due to the phylogenetic
relationships. If the Monodontidae are sepa-
rated from the larger Delphinoidea due to their
geographically different distribution, the larger
Delphinoidea coincide with the Globicephali-
nae as suggested in LeDuc el al. (1999, see
there: Fig. 2). Phylogeny of the Delphinoidea
based on morphology and on DNA samples is
not well reflected in the variables used in the
present analysis.

The success in classification in the present
analysis relies mainly on body length. This
is surprising in at least two respects. Firstly,
body length seems to correlate roughly with
body shape in that larger species are more
heavily built. One would assume that this is
a reflection of different ecological niches. This,
in turn, would suggest that these species also
differ in their ecology measured by the phys-
This is not
supported by the current data. Secondly, one
would assume that similarly sized species are
capable of similar mobility, have a similarly

ical environment and the diet.

sized potential prey spectrum and face simi-
lar threats from predators. These constraints
suggest that species similar in size would try
to fit into very similar niches. Such a process
would increase competition and species would
be thought to specialise rapidly into more spe-
cific and less overlapping niches. Again, the
question remains open why such a process is
not reflected in the variables of the physical
environment and the diet in the present study.

All small Delphinoidea species together can
be classified only with a high misclassifica-
tion rate. Misclassification decreases if small
Delphinoidea are split by ocean region even
though the same species occur in the North
Atlantic and the North Pacific. This indicates
that the same species in different oceans in-
habit slightly different or narrower niches in
response to the other species that occur in the
same region.

It is of course possible that the parameters
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of the physical environment and diet do not re-
flect the niches detailed enough but one would
assume niches to be so different that at least
some aspects are caught in the variables used
in the present evaluation.

The huge niche overlap may not be so sur-
prising if we consider on the one hand that
species such as bottlenose dolphins (Dowl-
ing and Brown, 1993), white-sided dolphins
(Lux et al., 1997), harbour porpoises (Ander-
sen, 1993; Rosel et al., 1995b; Wang el al.,
1996; Wang and Berggren, 1997; Borjesson and
Berggren, 1997; Gao and Gaskin, 1996, 1998),
Hector’s dolphins (Pichler et al., 1998) and
beluga whales (Maiers et al., 1996; Palsbgll
et al., 1997; Brennin et al., 1997; Brown Glad-
den et al., 1997) differ morphologically and ge-
netically within quite small areas (e.g., along
the coast of an ocean) and / or differ markedly
between oceans implying the existence of mor-
phologically similar subspecies. On the other
hand, at least in some regions and species, such
as bottlenose dolphins (Hersh, 1990; Hoelzel
et al., 1998) common dolphins (Rosel et al.,
1994), and killer whales (e.g., Morton, 1990;
Ford et al., 1994) sympatric populations occur
which differ genetically and ecologically (form-
ing sub-species). This suggests that the cur-
rent species might not be good entities for com-
parison because they actually consist of several
ecotypes which leads to great within species
variation in the variables studied here.

Another interpretation is possible though:
some of the variables (especially the ones on
reproduction) might not vary much over the
whole superfamily of Delphinoidea whereas
other variables (such as group size) might be
very variable within the families or even within
the species.
tion of strong evolutionary constraints within

The former would be a reflec-

the whole superfamily (or a too short period
for change since speciation) whereas the latter
rather points to a high ontogenetic adaptabil-
ity of these species to their current environ-
ment.

This would lead to the conclusion that,

on the whole, Delphinoidea species might be

pretty similar and that their niches largely
overlap. It remains open how specifically
adapted these species are to their environment,
why so many species would have evolved and
how competition works between these species.

The use of single observations of differ-
ent Delphinoidea species instead of popula-
tion means and continuing detailed studies on
the behavioural ecology of the Delphinoidea
species might shed more light on these ques-
tions, as either more finely tuned specialisa-
tions to the environment or the ontogenetical
flexibility of these species might become appar-
ent.

Acknowledgement

I would like to thank A. D. Barbour
statistical discussions and the supervision of
this work, W. Stahel and P. Ward for co-
supervision and further discussions, B. Ripley
for additional help with the statistical soft-
ware, G. Gaydon and G. Rieger for com-

for

ments on the manuscript and A. D. Barbour
for correcting my English. This study has
been supported by grants No. 20-43’453.95 and
20-50'686.97 from the Swiss National Science

Foundation.

References

Andersen, L. W. (1993). The population structure of
the harbour porpoise Phocoena phocoena in Dan-
ish waters and part of the North Atlantic. Marine
Biology Berlin, 116(1), 1-7.

Arnason, U. and Gullberg, A. (1996). Cytochrome
b nucleotide sequences and identification of five

primary lineages of extant cetaceans. Molecular

Biology and Evolution, 13, 407-417.

Borjesson, P. and Berggren, P. (1997). Morphomet-
ric comparisons of the skulls of harbour porpoises
(Phocoena phocoena) from the Baltic, Kattegat,
and Skagerrak seas. Canadian Journal of Zoology,
75(2), 280-287.

Brennin, R., Murray, B. W., Friesen, M. K., Maieres,
L. D., Clayton, J. W., and White, B. N. (1997).

(©2002 Lorenz Gygax



12

L. Gygax

Population genetic structure of beluga whales
(Delphinapterus leucas): Mitochondrial DNA se-
quence variation within and among North Amer-
ican populations. Canadian Journal of Zoology,

75(5), 795-802.

Brown Gladden, J. G., Ferguson, M. M., and Clay-

ton, J. W. (1997). Matriarchal genetic popula-
tion structure of North American beluga whales
Delphinapterus leucas (Cetacea, Monodontidae).

Molecular Ecology, 6(11), 1033-1046.

Dowling, T. E. and Brown, W. M. (1993). Popula-
tion structure of the bottlenose dolphin Tursiops
truncatus as determined by restriction endonucle-

ase analysis of mitochondrial DNA. Marine Mam-
mal Science, 9(2), 138-155.

Ford, J. K. B., Ellis, G. M., and Balcomb, K. C.

(1994).  Killer Whales. University of British

Columbia Press, Vancouver.

Gao, A. and Gaskin, D. E. (1996). Geographical
variation in metric skull characters among pro-
posed subpopulations and stocks of harbor por-
poise, Phocoena phocoena, in the Western North
Atlantic. Marine Mammal Science, 12(4), 516-
527.

Gao, A. and Gaskin, D. E. (1998). Geographical
variation of the harbour porpoise, Phocoena pho-
coena, evaluated by discriminant analysis. Marine

Mammal Science, 14(3), 649-652.

Gygax, L. (2000). Group size and behavioural ecol-
ogy in Delphinoidea. Phd, University of Zirich,
Ziirich.

Hersh, S. L. (1990). Distinction between north-
west Atlantic offshore and coastal bottlenose dol-
phins based on hemoglobin profile and morphom-
etry. In S. Leatherwood and R. R. Reeves, ed-
itors, The Bottlenose Dolphin, pages 129-139.
Academic Press, San Diego.

Hoelzel, A. R., Potter, C. W., and Best, P. B.

(1998). Genetic differentiation between parap-
atric 'nearshore’ and 'offshore’ populations of the
bottlenose dolphin. Proceedings of the Royal So-
ciety of London Series B - Biological Sciences,
265(1402), 1177-1183.

LeDuc, R. G., Perrin, W. F., and Dizon, A. E. (1999).
Phylogenetic relationships among the Delphinid
cetaceans based on full cytochrome B sequences.

Marine Mammal Science, 15(3), 619-648.

Lux, C. A., Costa, A., and Dizon, A. E. (1997). Mi-
tochondirial DNA population structure of the Pa-
cific white-sided dolphin. Rep Int Whal Commn,
47, 645-652.

Maiers, L. D., Friesen, M. K., Wiens, A. V., and
Clayton, J. W. (1996). Use of DNA microsatel-
lites in beluga whale (Delphinapterus leucas) pop-
ulation genetics. Canadian Technical Report of
Fisheries & Aquatic Sciences, 2115, 1-17.

Milinkovitch, M. C., Guillermo, O., and Meyer, A.
(1993). Revised phylogeny of whales suggested by
mitochondrial ribosomal DNA sequence. Nature,
361, 346-348.

Milinkovitch, M. C., Meyer, A., and Powell, J. R.
(1994). Phylogeny of all major groups of ceta-
ceans based on DNA sequnce from three mito-
chondrial genes. Molecular Biology and Evolution,

11, 939-948.

Morton, A. B. (1990). A quantitative comparison
of the behaviour of residents and transients forms
of killer whale off the central British Columbia
coast. In P. S. Hammeond, S. A. Mizroch, and
G. P. Donovan, editors, Individual Recognition of
Cetaceans: Use of Photo—Identification and Other
Techniques to Estimate Population Parameters,
volume 12 of International Whaling Commission
Special Issue, pages 245-248. The International
Whaling Commission, Cambridge.

Ohland, D. P., Harley, E. H., and Best, P. B.
(1995). Systematics of cetaceans using restriction
site mapping of mitochondrial DNA. Molecular
phylogenetics and Evolution, 4, 10-19.

Palsbgll, P. J., Heide-Jgrgensen, M. P., and Dietz, R.
(1997). Population structure and seasonal move-
ments of narwhals, Monodon monoceros, deter-
mined from mtDNA analysis. Heredity, 78(3),
284-292.

Perrin, W. F. (1975). Distribution and differentiation
of populations of dolphins of the genus Stenella in
the Eastern Tropical Pacific. Journal of Fisheries

Research Board Cananda, 32, 1059-1067.

(©2002 Lorenz Gygax



Niche separation and overlap in the Delphinoidea

13

Perrin, W. F., Warner, R. R., Fiscus, C. H., and
Holts, D. B. (1973). Stomach contents of por-
poise, Stenella spp., and yellow tuna, Thunnus al-

bacares, in mixed— species aggregations. Fishery
Bulletin, 71, 1077-1092.

Pianka, E. R. (1976). Competition and niche the-
ory. In R. M. May, editor, Theoretical ecology,
pages 114-141. Blackwell Scientific Publications,
Oxford.

Pichler, F. B., Dawson, S. M., Slooten, E., and
Baker, C. S. (1998). Geographic isolation of
Hector's dolphin populations described by mito-
chondrial DNA sequences. Conservation Biology,

12(3), 676-682.

Rice, D. W. (1998). Marine Mammals of the World;
Systematics and Distribution, volume 4 of Special
Publication. The Society of Marine Mammalogy,
Lawrence, KS.

Rosel, P. E., Dizon, A. E., and Heyning, J. E.
(1994). Genetic analysis of sympatric morpho-
types of common dolphins (Genus Delphinus).
Marine Biology Berlin, 119(2), 159-167.

Rosel, P. E., Haygood, M. G., and Perrin, W. F.
(1995a). Phylogenetic relationship among the
true porpoises (cetacea: Phocoenidae). Molec-
ular Phylogenetics and Evolution, 4(4), 463-474.

Rosel, P. E., Dizon, A. E., and Haygood, M. G.
(1995b). Variability of the mitochondrial con-
trol region in populations of the harbour porpoise,

Phocoena phocoena, on interoceanic and regional
scales. Can J Fish Aquat Sci, 52, 1210-1219.

Scott, M. D. and Cattanach, K. L. (1998). Diel pat-
terns in aggregations of pelagic dolphins and tunas
in the eastern pacific. Marine Mammal Science,

14(3), 401-428.

Venables, W. N. and Ripley, B. D. (1997). Modern
Appplied Statistics with S—PLUS. Springer, New
York, second edition.

Wang, J. Y. and Berggren, P. (1997). Mitochondrial
DNA analysis of harbour popoise (Phocoena pho-
coena) in the Baltic Sea, the Kattegat—Skagerrak

seas and off the west coast of Norway. Marine
Biology, 127, 531-537.

Wang, J. Y., Gaskin, D. E., and White, B. N.
(1996). Mitochondrial DNA analysis of harbour
popoise, Phocoena phocoena, subpopulations in

Can J Fish Aquat Sci,

North American waters.
53, 1632-1645.

(©2002 Lorenz Gygax



