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EXTERNAL FEATURES OF THE DUSKY DOLPHIN
Lagenorhynchus obscurus (GRAY, 1828) FROM PERUVIAN WATERS
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ABSTRACT

Individual, sexual and developmental variation is quantified in the external morphology and
colouration of the dusky dolphin Lagenorhynchus obscurus from Peruvian coastal waters. No
significant difference in body length between sexes is found (p = 0.09) and, generally, little sexual
dimorphism is present. However, males have a more anteriorly positioned genital slit and anus and
their dorsal fin is more curved, has a broader base and a greater surface area than females. Although
the dorsal fin apparently serves as a secondary sexual character, the use of it for sexing free-ranging
dusky dolphins is discouraged because of high overlap in values. Relative growth in 25 body
measurements is characterized for both sexes by muitiplicative regression equations. The colouration
pattern of the dorsal fin, flank patch, thoracic field, flipper stripe and possibly (xz, p = 0.08) the eye
patch, are independent of maturity status. Flipper blaze and lower lip patch are less pigmented in
juveniles than in adults. No sexual dimorphism is found in the colour pattern. The existence of a
discrete “Fitzroy” colour form can not be confirmed from available data. Various cases of anomalous,
piebald pigmentation are described, probably equivalent to so-called partial albinism. Adult dusky
dolphins from both SW Africa and New Zealand are 8-10 cm shorter than Peruvian specimens,
supporting conclusions of separate populations from a recent skull variability study.
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RESUMEN

Se cuantifica la variacion individual, sexual y de desarrollo en la morfologia externa y la coloracion
del delfin oscuro Lagenorhynchus obscurus de aguas costeras peruanas. No se detecta diferencia
significativa en longitud corporal (p = 0,09) y, en general, poco dimorfismo sexual esta presente. La
ranura genital y el ano se sitian mas anteriormente en los machos que en las hembras. Ademas, la
aleta dorsal en los machos muestra una mayor inclinacién, tiene una base mas larga y una superficie
mayor. Aunque, aparentemente, la aleta dorsal sirve como caracteristica sexual secundaria, no se
recomienda usarlo para determinar el sexo de delfines oscuros en alta mar por un alto nivel de
sobreposicién en valores. Ecuaciones de regresion multiplicativa caracterizan el crecimiento relativo
en 25 medidas corporales, en ambos sexos. El patrén de coloracién de la aleta dorsal, mancha del
flanco, mancha toracica, banda de |a aleta pectoral y, posiblemente (xz, p = 0,08), la mancha del ojo
son independientes del estado de madurez; la mancha pectoral y la mancha del labio inferior en los
juveniles se ven menos pigmentadas que en los adultos. La existencia de una forma discreta de
coloracion llamada “Fitzroy” no se puede confirmar con los datos presentes. Se describe una
anomalia de la pigmentacion que probablemente es equivalente con albinismo parcial, conocido en
otros mamiferos. Los delfines oscuros adultos del suroeste de Africa y de Nueva Zelandia miden unos
8-10 cm menos que los especimenes del Peru, confirmandose conclusiones que forman poblaciones
separadas, basado en un estudio reciente de variabilidad cranial.
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INTRODUCTION

Particularities in the external features of whales
and dolphins can offer valuable insight in their gen-
eral biology. Differences in colouration pattern, adult
size and body shape often indicate reproductive
isolation, and have contributed to the definition of
populations or management units of exploited spe-
cies (e.g. YONEKURA et al., 1980; EVANS et al.,
1982; BAIRD & STACEY, 1988; KASUYA et al.,
1988; HEYNING & PERRIN, 1991; PERRIN, 1990;
PERRIN et al., 1991). External features, such as
sexual dimorphism, play an important role in the
visual communication of gregarious cetaceans, and
they seem closely related to social interactions, es-
pecially mating behaviour (see reviews by WURSIG
et al.,, 1990; JEFFERSON, 19980). Ecological and
behavioural field studies are greatly enhanced if sex
and some appreciation of age or maturity can be
deduced for individuals from visible clues. It is there-
fore rather surprising that the external morphology
and colouration for only a few small cetaceans have
been studied in detail and with adequate sample
sizes. All six species of the dolphin genus
Lagenorhynchus remain largely undocumented.

External measurements are available for only
four (sub)adult dusky dolphins Lagenorhynchus
obscurus (GRAY, 1828, WATERHOUSE, 1838;
LAHILLE, 1901; GALLARDO, 1912) and for one
neonate from New Zealand (ALLEN, 1977) and
these are of limited use, for it is unclear how they
were taken. WEBBER (1987) offered a body length-
weight plot for 15 New Zealand dusky dolphins
{mean adult length = 172.6 cm, range 166-184 cm)
and compared colour patterns qualitatively between
L. obscurus and L. obliquidens. Original observa-
tions on the colouration of L. obscurus were pub-
lished by GRAY (1828), WATERHOUSE (1838),
LAHILLE (1901) and GALLARDO (1912); important
comparative discussions are by KELLOGG (1941),
BIERMAN & SLIJPER (1947, 1948) and FRASER
(1966). MITCHELL (1970) in an excellent paper
standarized colour pattern components. Descrip-
tions of colouration by GASKIN (1972), LEATHER-
WOOD & REEVES (1983), and WEBBER and
LEATHERWOOD (1990), presumably, were mostly
inspired by observations on New Zealand dolphins;
those authors conducted much research in that
area. DAWSON (1985) reported “considerable geo-
graphic variation in colour pattern, and some pattern
variation within local groups” in New Zealand. A
mere three photographs of SE Pacific dusky dol-
phins have been published (BINI, 1951; ANDRADE
& BAEZ, 1980; GUERRA et al., 1987) without any
discussion.

In New Zealand and Argentina, sex (and identity)
of free-ranging dusky dolphins have been deter-
mined through live-capture and photo-identification
based on distinctive scars and nicks of the dorsal fin
and unusual pigment patterns (WURSIG & WUR-
SIG, 1978; WURSIG & JEFFERSON, 1990). Cap-
ture however is exceedingly unpractical while photo-
identification permitted researchers to recognize
only 20%, or less, of individuals. Some visual marker
of sex and maturity that would permit real-time clas-
sification of specimens would obviously be much
welcomed.

Recently, large numbers of fresh dusky dolphins
have become available for study in Peru as a result
of high catch levels in coastal small-scale fisheries
(READ et al., 1988; VAN WAEREBEEK & REYES,
1990, in press). In the present paper | quantify and
discuss the variation in external morphology and
colouration in Peruvian L. obscurus and offer a
preliminary comparison with animals from other ar-
eas.

MATERIAL AND METHODS

Field procedures

Most of the information presented herein | took
from dusky dolphins landed at Pucusana (12° 30’ S)
and Cerro Azul (13° 00’ S), ports located 60 km and
140 km, respectively, south of Lima, Peru. Estimated
post-mortem time of specimens ranged from a few
hours to about 12 hours, exceptionally up to 18
hours. The close examination of a few live-caught
animals helped to define natural patterns and avoid
recording post-mortem artifacts. Data collection was
executed at all seasons in the period 1985-1990;
many different herds, but apparently a single popu-
lation, were samplied (VAN WAEREBEEK, 1992,
1993). The long collecting period and sample size
ensured that most of the existing colour variation
was documented.

A series of 26 external measurements (Fig. 1),
recorded to the nearest 0.5 cm and modified from
standardized methods by NORRIS (1961), was ob-
tained for 394 dusky dolphins (208 females, 186
males) of all sizes. However, standard length was
available for 693 dolphins. Ten axial and nine point-
to-point measurements of appendages were taken
with a semi-rigid metal tape (usually on the left side
of the body), and seven girths were measured with
a flexible plastic tape. In a few cases, the fluke span
had to be inferred from the width of a single fluke by
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FIG. 1. External measurements taken of Peruvian dusky dolphins, including axial (nos. 1-10), girths (nos. 11-17) and
point-to-point measurements (nos. 18-26). Numbers in square brackets refer to equivalent variables of Norris (1961).

(1) Standard lenght: tip of upper jaw to deepest part of
notch between flukes. [1]

(2) Length of gape: tip of upper jaw to angle of gape. [3]

(3) Length, tip of upper jaw to center of eye. [2]

(4) Length, tip of upper jaw to posterior edge of blowhole.

(5) Length, tip of upper jaw to external auditory meatus.
{8]

(6) Length, tip of upper jaw to tip of dorsal fin. [11]

(7) Length, tip of upper jaw to anterior insertion of flipper.
[10]

(8) Length, tip of upper jaw to midpoint of umbilicus. [12]

(9) Length, tip of upper jaw to anterior border of genital
slit.

(10) Length, tip of upper jaw to midpoint of anus. [14]

(11) Girth, at level of eyes.

(12) Girth, at level of axilla. [21]

(13) Girth, at midpoint between axilla and anterior insertion
of dorsal fin.

(14) Girth, at anterior insertion of dorsal fin. [22]

doubling this value. One of the girths (N° 17) was
abandoned for not having been taken rigorously
throughout the study. A dorsal fin contour (DFC) was
obtained for 119 sexually mature dolphins (51 fe-
males, 68 males) and 67 immature specimens (22
females, 45 males). Gonads were examined when-
ever available to determine maturity status.

When feasible, a colour pattern data form was
filled out in situ. Colour transparencies (35 mm; 100
ASA) were taken by daylight of the freshest speci-
mens only; unusual patterns were documented by

(15) Girth, at posterior insertion of dorsal fin.

(16) Girth, at level of anus. [23]

(17) Girth, at midpoint between anus and deepest part of
notch between flukes.

(18) Length base of dorsal fin. [33]

(19) Height of dorsal fin: fin tip to base. [32]

(20) Maximum width of left flipper. [31]

(21) Width of left flipper base at insertion.

(22) Anterior length left flipper, from anterior insertion to
tip. [29]

(23) Posterior length left flipper, from axilla to tip. [30]

(24) Length of fluke: from insertion to tip of left fluke.

(25) Depth of fluke: shortest distance from notch to anterior
border of fluke. [35]

(26) Fluke span: width of from tip to tip. [34]

(27) Number of visible teeth: upper left.

(28) Number of visible teeth: upper rigth.

(29) Number of visible teeth: lower left.

(30) Number of visible teeth: lower right.

the best means available. Contrast and vividness of
colours improved considerably after carcases were
doused for a few moments with running seawater.
Because the colour pattern was bilateral symmetric-
al, only a single side (usually the left) was photogra-
phed. Transparencies of 257 Peruvian dusky dol-
phins were of sufficient quality to be used in a
comparative study. For reasons of space, data are
presented here in summarized form; the raw data set
is deposited at the Centro Peruano de Estudios
Cetologicos (CEPEC), Pucusana, Peru.
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Data analysis
Maturity criteria

Males were classified as sexually mature if at
least one epididymis contained visible amount of
seminal fluid. Females were considered mature if at
least one ovarian corpus was present or if lactation
and/or pregnancy was evident (SERGEANT, 1962a;
PERRIN & REILLY, 1984). In a few cases where
testes could not be examined, sexual maturity was
inferred from a minimum standard length (SL) of 186
cm, when more than 90% of males had started to
produce semen (VAN WAEREBEEK, 1992). For the
analysis of colouration, dolphins were assigned to
one of four sex/maturity classes, with a SL of 175.5
cm chosen to separate immature and adult animals,
based on a preliminary estimate of mean length at
sexual maturation in both sexes (VAN WAERE-
BEEK, 1992).

Size and shape

Sexual dimorphism in external measurements
was studied in 220 adult Peruvian dusky dolphins
(126 females, 94 males). Size differences were
probed by two-sided t-tests, variation in body shape
by covariance analysis (ANCOVA, SL as covariate).
To reveal potential sexual dimorphism in growth
rate, measurements of specimens of all ages were
plotted against body length. The model with highest
coefficient of determination (r2) was fitted to the data
by least-square regression for females and males sepa-
rately; the significance of difference in growth slopes
was then verified with t-tests according to ZAR (1974).

Variation in the dorsal fin was correlated with sex
and SL. Elevation (a) of the dorsal fin tip was meas-
ured on the contour sheets as indicated in Fig. 2; fin
surface area (S) was digitized with a Hewlett
Packard 9,826 tablet and computer. Dimorphism in
these variables was verified by one-way analyses of
(co)variance.

All numerical variables were screened for nor-
mality using standardized skewness and curtosis
tests and, when significant deviation was suspected
(values exceeding + 2.0), subjected to a Kolmo-
gorov-Smirnov one-sample test of the fit. Homoge-
neity of variances between sample pairs was verified
by a variance ratio test with 95% C.I. (ZAR, 1974).
For most computations the STATGRAPHICS 4.2
programme (STSC Inc., 1989) was used. Signifi-
cance, unless stated otherwise, is employed in its
statistical sense at the 0.05 level of probability.

Colour pattern

Traditionally, colouration of dolphins and porpoi-
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FIG. 2. Variability in shape and size of the dorsal fin (from
fin tracings, scale 1:8) of Peruvian dusky dolphins: sexually
mature males (Nos. 1-8), sexually mature females (Nos.
9-16) and immatures (Nos. 17-20). Specimens include:

(1) KVW-1150, 202.5 cm; (2) KVW-1720, 199.5 cm; (3)
KVW-1727, 186.5 cm; (4) KVW-1946, 194.5 cm; (5) KVW-
2014, 209.5 cm; (6) KVW-1272, 197 cm; (7) KVW-1728,
201.5 cm; (8) KVW-1937, 187 cm; (9) KVW-1337, 195 cm;
(10) JCR-1473, 194.5 cm; (11) KVW-1312, 187.5 cm; (12)
KVW-1286, 185 cm; (13) KVW-1285, 195.5 cm; (14) KVW-
539, 205 cm; (15) KVW-1399, 198 cm; (16) KVW-1287,
186.5 cm; (17) KVW-598, male 160 cm; (18) KVW-2134,
male 163 cm; (19) KVW-1827, female 166 cm; (20) KVW-
1283, female 149 cm. h=total height; b=base length; o=
angle of dorsal fin tip.

ses has been described based on the pattern ob-
served in a few specimens, granting little attention to
individual, sexual, developmental or geographic
variation. Even in recent years, studies which
treated the subject with adequate samples and rig-
orous statistical analysis are few. EVANS et al.
(1984) found that the intensity of expression of sev-
eral [colour] traits in the short-finned pilot whale
Globicephala macrorhynchus GRAY, 1846 varies
in the same individual as a function of time and
environmental condition. If this occurs in other
toothed whales as well, small samples collected
over short periods of time should be interpreted with
utmost caution only.

| employed a categorical method, first success-
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fully applied by EVANS (1975) for the common dol-
phin Delphinus delphis, in which colour compo-
nents (fields) are scored for large series of speci-
mens (N > 100). Despite the generally subtle, non-discre-
te variation encountered in the dusky dolphin, vari-
ants of eight colour components were defined for
which variation was most straightforward (Fig. 3;
general terminology taken from MITCHELL, 1970):

FIG. 3. Colour pattern of the dusky dolphin, slightly modi-
fied from Mitchell (1970), with AF= abdominal field, DFB =
dorsal fin blaze, dfb = dorsal flank biaze, EYEP = eyepatch,
FLAP = flank patch, FLIB = flipper blaze, FLIS = flipper
stripe, LLIP = lower lippatch, SF = spinal field, THO =
thoracic field.

DORSAL FIN BLAZE (DFB). 1 = a very conspi-
cuous, whitish patch covering most of the dorsal
fin; 2 = muted but clearly present, mostly light
grey; 3 = hardly or not visible; dorsal fin usually
dark grey to blackish overall;

FLIPPER BLAZE (FLIB): 1 = flipper uniformly light
grey, without contrasting trailing edge; 2 = flipper
light to dark grey with contrasting blackish trailing
edge and flipper tip; 3 = dorsal surface of flipper
almost uniformly dark grey to black;

EYE PATCH (EYEP): 1 = hardly noticeable, or very
lightly coloured; 2 = prominent, dark grey to
black;

FLANK PATCH (FLAP): 1 = white of flank patch and
abdominal field (AF) blend into each other; 2 =
FLAP and AF separated by grey to blackish,
il-defined stripe of varying width; 3 = FLAP and
AF separated by broad uninterrupted, blackish
band,;

THORACIC FIELD (THO): 1 = entirely white, conti-
nuous with abdominal field, extending above flip-
per and often even above eye; 2 = anterior part
of THO above flipper greyish, posterior part white
and, laterally, gradually fusing with abdominal
field without a clear dividing line; 3 = entire THO
light or dark grey, demarcation with abdominal
field fairly sharp;

LOWER LIP PATCH (LLIP): 1 = greyish, minimum
definition; 2 = dark grey, moderately defined,
extending over two thirds of length of gape; 3 =

prominently black, covering (almost) entire
length of gape;

YELLOW FRINGE (YEL)".: 1 = unmistakable brown-
yellowish hue visible in interface of abdominal
field with thoracic field and LLIP, occasionally at
interface of thoracic and dorsal fields; 2 = yello-
wish hue not clearly visible or absent;

FLIPPER STRIPE (FLIS)2: 1 = moderately visible to
very prominent, light to dark grey band extending
from anterior insertion of flipper to EYEP; 2 =
flipper stripe absent or hardly discernible.

Transparencies were viewed with daylight slide
viewers and characters were scored independently
by Laura Chavez (University of Hamburg, Germany)
who had field experience with the study species and
|. Diverging scores were re-evaluated and, in the
absence of an immediate consensus, the character
was left blank for that specimen.

Because of indications of observer drift over time
in character state definition, scores recorded directly
on the field but not supported by photographic mate-
rial were not further considered, except for the “pro-
minent” state (score 1) of characters YEL and FLIS
which were deemed unequivocal. Differences
among sex and maturity groups were tested with X2
contingency analyses.

Other populations

Original data on adult body lengths and photogra-
phic material of L. obscurus from other regions
were generously supplied by several researchers
(see acknowledgements). Limited morphometric in-
formation for New Zealand dusky dolphins has been
presented by WEBBER (1987) in processed form.
Additional photographs were consulted in the litera-
ture: WURSIG & WURSIG (1978), GASKIN (1982),
BAKER (1983), LEATHERWOOD & REEVES
(1983), MINASIAN et al. (1984), HARRISON &
BRYDEN (1988); QUAYLE (1988); WURSIG et al.
(1989); WEBBER & LEATHERWOOD (1990) and
WURSIG (1991). The characterization of geogra-
phic variation in colouration | offer here is prelimi-
nary. A quantitative analysis was deemed premature
because of small and heterogeneous samples (e.g.
live animals besides specimens of variable post-
mortem time) and unverifiable identity of specimens
photographed at sea (i.e. a single individual may
appear on different frames).

"Data exclusively based on direct field observations
(data form).
’Data partly based on direct field observations.
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RESULTS AND DISCUSSION

External size and shape
Individual variation

Taking into account the robustness of t -tests and
ANCOVAs (WONNACOTT & WONNACOTT, 1969),
none of the 29 variables for either sex showed unac-
ceptable departure from normality (Kolmogorov-
Smirnov, p > 0.01), bar the lower right tooth count for
males. The latter, however, may be due to chance
fluctuation because of the large number of t-tests
performed. Two character pairs (E10 and E26) devi-
ated slightly from the required homogeneity of vari-
ance between sexes (0.01 < p <0.05), but one ortwo
pairs were expected to do so by chance at the 0.05
level of significance. Statistics of individual variation
in external measurements and counts of visible teeth
are presented for 220 sexually mature Peruvian
dusky dolphins (126 females, 94 males) in Table 1.
Considerable variation was observed in the size and
shape of the dorsal fin (Fig. 2) as discussed in detail
below. A keel on the caudal peduncle as in the
Atlantic white-sided dolphin Lagenorhynchus acu-
tus (e.g. LEATHERWOOD & REEVES, 1983) was
not present.

Sexual dimorphism

| found no statistically significant difference (t =
1.68; p = 0.09) in total body length between adult
females and males. Alternatively, small but highly
significant differences (p < 0.005; t-tests and ANCO-
VAs) were present in six body measurements,
namely: girth at anus, maximum width of flipper,
base length of dorsal fin, depth of flukes (all greater
in males), snout to vent and snout to anus (greater
in females). Some proportional dimorphism was ap-
parent also in the anterior and posterior length of the
flipper and the length of the fluke, which were some-
what greater in males than in females (ANCOVA,
p < 0.05). The slightly greater absolute values for
maximum girth (E13, Table 1) and girth in front of the
dorsal fin (E14) in females (t-tests, p < 0.05) are
direct consequence of the bigger size of the females
in the sample; indeed, corresponding F-statistics
(ANCOVA) are not significant. All measurements
were highly correlated with the body length covariate
(ANCOVAs, p < 0.0005). Tooth counts, logically,
showed no significant correlation (ANCOVAs,
0.30 < p<0,70).

Developmental variation

Developmental change in body proportions is a
widespread phenomenon among mammals

(GOULD, 1966) and L. obscurus is no exception.
Growth is characterized by least-squares regression
equations of the form Y =b.X2, where Y is a particu-
lar body measurement, X is total body length, ais the
growth coefficient and b is a constant (Table 2).
During ontogeny, body dimensions change either
isometrically (a < 1) or allometrically with total length;
in the latter case the growth rate can taper off with
increasing length (a < 1) or intensify (a > 1) (see also
CLARKE & PALIZA, 1972; PERRIN, 1975).

In L. obscurus, measurements of the anterior
body (snout to gape, eye, blowhole, ear and to
flipper insertion), as well as the size of the flippers
and the length and depth of the flukes, follow a
pattern in which growth declines in intensity with
increasing total length (Fig. 4). The span of flukes
and the base and height of the dorsal fin are charac-
terized by a positive allometric growth. Development
in girths ranges from a diminishing growth at the
level of the eyes, and a roughly isometric expansion
at mid-body (from axillae to dorsal fin), to an in-
creased growth in the body posterior to the dorsal fin
(Fig. 4).

The growth rate (slope) is significantly different
between sexes in 12 of 24 variables (Table 2). The
type of growth allometry (positive or negative), how-
ever, is equal in males and females, with the possi-
ble exception of girth at axillae (E12). Individual
variation is negligible in juveniles, but it is greatly
amplified in adult animals, a feature also found in
oceanic dolphins of the genus Stenella (PERRIN,
1975).

Variation in the dorsal fin

Males have a broader-based dorsal fin than fe-
males (E18, t = 3.31, p > 0.002), but there is no
significant difference in fin height (E19, =034, p =
0.74). Also, the tip of the dorsal fin is markedly less
erect, so the fin is more hooked (F =12.2; df 1, 118;
p < 0,001) in mature males (mean elevation o =
49,6° SE = 0,66°), than in females (mean o = 53,2°,
SE =0,83°). In addition, the dorsal fin becomes more
hooked with increasing body length (SL); a linear
regression with sexes pooled of dorsal fin tip eleva-
tion against standard body length (SL, in cm) yielded
the following highly significant correlation:

o =69,7°- 0,097 (SL) (F = 20,6, df 1, 182; p < 0,0001).

However, only 10.2% (r) of total variation was
explained by the model. The large residual variation
is believed to represent measuring error caused by
difficulties in determining the correct base line on the
DFC sheets; with a more accurate method for meas-
uring fin angles, r is expected to improve. Nothing



TABLE 1

External measurements (in cm) and tooth counts of sexually mature female (N = 126) and male (N = 94) dusky dolphins, Lagenorhynchus
obscurus, from central Peruvian waters. Maturity criteria are defined in text. CV = coefficient of variation

FEMALES MALES

VARIABLE N RANGE MEAN SD Ccv N RANGE MEAN SD cv
SL: Standard length 126 168-205 189.0 70 0.037 94 175.5-209.5 187.4 71 0.038
E2: Snout to gape 101 19-24.5 216 1.28 0.059 83 19.5-25.5 214 1.13 0.053
E3: Snout to eye 101 21.5-29 251 1.39 0.055 84 22.5-28.5 248 1.2 0.048
E4: Snout to blowhole 100 25-31.5 27.8 1.37 0.049 83 24-31 275 1.39 0.051
ES5: Snout to ear 98 26-35 31.0 1.68 0.054 77 28-34.5 30.7 1.4 0.046
E€: Snout to dorsal fin tip 92 102.5-126.5 116.3 44 0038 76 102.5-129 115.8 4.97 0.043
E7: Snout to flipper insertion 100 35-47 425 214 0.05 82 37.5-49.5 42.4 218 0.052
E8: Snout to umbilicus 93 78-99 88.4 3.52 0.04 75 80-95 87.4 3.52 0.04

E9: Snout to vent, anteriorly 93 106.5-133 131.5 524 0.04 74 94-118.5 108.0 4.87 0.045
E10: Snout to anus 97 125-149 137.3 476 0.035 77 124-153 134.9 5.95 0.044
E11: Girth at eyes 121 61.5-75 67.6 259 0.038 81 61-74.5 67.8 2.42 0.036
E12: Girth at axillae 118 89.5-115 103.9 437 0,042 80 93.5-115.5 103.4 474 0.046
E13: Maximum girth 113 100-125.5 111.5 5.02 0.045 79 99-121 109.8 5.2 0.047
E14: Girth in front dorsal fin 115 99.5-127.5 112.0 561 0.05 80 100-122.5 110.2 54 0.049
E15: Girth behind dorsal fin 115 80-108 93.4 592 0.063 80 80-106 91.9 6.34 0.069
E16: Girth at anus 121 53.5-71 62.6 3.54 0.056 81 58-75 64.3 3.63 0.055
E18: Base length of dorsal fin 101 23.5-33.5 29.0 2.37 0.082 83 24.5-37 30.2 2.65 0.088
E19: Height of dorsal fin 96 15-23.5 19.3 1.61 0.083 83 16-27 19.4 1.73 0.089
E20: Maximum width of flipper 101 9-11.5 10.3 0.47 0.046 83 9-11.5 10.5 0.52 0.049
E21: Width of flipper base 101 10.5-13 1.7 0.64 0.055 83 10-13.5 11.8 0.66 0.056
E22: Anterior length of flipper 101 28.5-37 33.4 171  0.051 82 29.5-38 338 1.53 0.045
E23: Posterior lenght of flipper 101 20-27.5 243 129 0.053 82 20-28 247 1.26 0.051
E24: Length of fluke 99 27-345 30.6 1.74 0.057 79 26.5-36 311 1.81 0.058
E25: Depth of fluke 100 10-15 121 0.78 0.065 81 10.5-15 12.5 0.87 0.07

E26: Fluke span 96 41-55 48.3 295 0.061 84 40-59 48.9 3.86 0.079
Number of teeth upper left 80 25-36 29.7 1981 0.064 76 26-36 295 1.73 0.059
Number of teeth upper right 80 24-35 206 20 0.068 77 26-36 293 2.03 0.069
Number of teeth lower left 80 24-32 28.5 1.83 0.064 77 25-33 28.7 1.78 0.062
Number of teeth lower right 80 24-33 28.5 201 0071 78 25-33 28.4 1.66 0.058
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FIG. 4. Scatterplot of dorsal fin-tip elevation against total body length in female (a) and male (b) L. obscurus from Peru. As
dolphins grow larger, dorsal fin tip increasingly curves more backward, especially in males. Linear regression lines, 95%
confidence limits (closest dashed lines) and expectation limits for single observations (outer pair of dashed lines) are drawn.

Females: Y =64.9 - 0.0061 X (r = 0.25; p < 0.05);
Males: Y =74.4-0.129 X (r = 0.36; p = 0.0001).

suggests that the process of fin tip curving stops at
any given length and it probably continues even in
old age. Linear regressions of dorsal fin angles for
each sex separately reveal a slightly steeper slope
in males (Fig. 4a, b). While this difference could not
be confirmed statistically (t-test, p > 0,05), it is likely
to be real, considering the fin dimorphism in adults
(see above).

The mean surface area (A) of the dorsal fin in
adult males (350 cm?, SE = 6,1 cm?) proved very
significantly greater ANCOVA, F =43,3; df 1,118;
p > 0,0001) than the equivalent in adult females
(290,4 cm?, SE = 5,5 cm?). If development of the
dorsal fin were isometric, the area would increase
quadratically with body length and have a slope = 2
after log transformation. In reality, a negative al-
lometric growth is seen in females (Fig. 5a) while the
opposite is true in males (Fig. 5b) (t= 5,47, df 1,177,
p <0,0001):

Males logeA =-3,44 + 2,64 loge L (r = 0,90,

p <0,0001, N=111)

Females logeA = 1.003 + 1,77 loge L (r = 0,91,
p <0,0001, N =66)

The Pacific white-sided dolphin is also reported
to have a widely variable dorsal fin, ranging in shape
from falcate and sharply pointed to lobate and
rounded; the latter form, it was suggested (BROWN
& NORRIS, 1956; KASUYA, 1981; WALKER et al.,
1986), correlates with the onset of physical maturity.
However, these authors did not attempt to quantify
their observations. Lobate fins as present in L.
obliquidens (see WALKER et al., 1986, fig. 21.1)
have not been encountered in L. obscurus.

Geographic variation in body length

In absence of meaningful sexual dimorphism in
body length of adult Peruvian dusky dolphins, sexes
were pooled for geographic comparison (mean SL =
187.7 cm, SD = 5.0 cm, N = 220). The largest male
recorded in this study (N = 693) was 209.5 cm long,
the largest female measured 205.0 cm. A male har-
pooned off Huacho, Peru reportedly measured 211
cm (U.S. National Museum of Natural History N°
270418; BROWNELL, 1974), although it is unknown
whether this measurement was taken in a stand-
ardized way.
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TABLE 2

Growth pattern external measurements (VAR, see Table 1) in function of total body length (X)
in Lagenorhynchus obscurus of Peru. Least-squares regression power equations and
coefficient of determination (rz) are indicated for females and males separately. All equations
have highly significant slopes (ANVOVAs, covariate p < 0.0002). Significance level of sexual
dimorphism in slope is indicated (ns = not significant). Growth equations not significantly

different (95% C.1.) from the linear model are marked by L.

FEMALES MALES Dimorphism
Var Equation Y= r2 Equation Y= r2 p
E2 0.27 x0-84 93.4 0.16 x0.93 926 < 0.005
E3 0.36 X081 937 0.26 X088 92.8 <0.01
E4 0.23 x0.92 94 4 0.16 X099 (1) 94.5 <0.05
E5 0.51 X078 93.6 0.45 X0-81 91.1 ns
E6 0.77 X0.96 98.9 0.68 X098 (1) 98.6 <0.05
E7 0.58 X082 96.8 0.41 X089 96.1 <0.005
ES 0.71 x0-92 99.1 0.64 X094 98.8 ns
E9 0.77 X0-97 99.0 0.74 X095 98.9 ns
E10 0.68 X101 99.7 0.70 X100 (1) 99.4 ns
E11 1.44 X073 95.1 1.37 X075 97.3 ns
E12 0.51 X101 (L) 85.0 0.64 X097 96.5 <0.05
E13 0.52 X102 () 96.7 0.63 X098 (1) 96.7 ns
E14 0.52 X102 () 95.5 0.61 X099 () 96.8 ns
E15 0.24 X113 94.0 0.41 X103 (1) 95.0 < 0.005
E16 0.19 X110 95.1 0.24 X107 95.6 ns
E18 0.12 x1.04 93.3 0.11 X107 93.6 ns
E19 0.09 X103 (1) 93.2 0.05 X113 93.0 <0.01
E20 0.077 X094 959 0.10 x0-88 957 < 0.005
E21 0.14 X085 95.6 0.094 X092 95.3 < 0.005
E22 0.32 X089 96.4 0.27 X092 96.2 ns
E23 0.20 X091 957 0.17 X095 93.8 ns
E24 0.31 X0.88 94.9 0.19 X097 (1) 945 < 0.005
E25 0.19 X078 93.0 0.13 x0.88 93.0 < 0.005
E26 0.12 X114 96.6 0.13 X113 94.6 ns
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Dusky dolphins from southwestern Africa, with a
mean adult length of 179.9cm (SD =7.18cm, N =
20, sexes pooled) and a maximum recorded length
of 190.5 cm (N = 58) (P.B. BEST, South African
Museum, unpubl. data), are comparable in size (t =
0.29, p = 0.77) to mature animals from New Zealand
which average 179.1 cm (SD =8.97 cm, N=12) and
attain a maximum length of 195.5 cm (data provided
by A.N. BAKER, National Museum of New Zealand
and P.J.H. VAN BREE, Zoological Museum, Univer-
sity of Amsterdam). SW African and New Zealand
dusky dolphins each are noticeably smaller than
their Peruvian counterparts (t-tests, p < 0.0001);
mean and maximum lengths differ some 8-10 cm.
This further supports conclusions from cranial vari-
ation analysis that these groups constitute separate
populations, and possibly even valid subspecies.
Despite a few (statistically) significant cranial differ-

ences, Peruvian and Chilean dusky dolphins prob-
ably form a single SE Pacific population (VAN
WAEREBEEK, 1992, 1993). A greater sample from
Chile is needed to permit a definitive conclusion.
Little can be said about L. obscurus from Argentina,
due to an almost total lack of data. Body lengths of
two females of unknown maturity have been publish-
ed: one 162.5 cm and the other 165.5 cm (WATER-
HOUSE, 1838; LAHILLE, 1901). The standard body
length of a specimen discussed by GALLARDO
(1912) probably was 175.5 cm (GALLARDO’s
“100%”), and not 183 cm (“‘maximum length,
104,6%") as interpreted by KELLOGG (1941).

Colouration
Variation within the Peruvian population

Individual variation in colouration is extensive
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FIG. 5. Scatterplot dorsal fin surface area against total body length of female (a) male (b) L. obscurus from Peru. Least-square
regression curve with 95% confidence limits and expectation limits for single observations are shown. .

(see photographs in VAN WAEREBEEK, 1992) but
non-discrete, with the result that appreciable num-
bers of specimens could not be scored confidently
for particular colour components and had to be
skipped.

DORSAL FIN BLAZE-DFB varied from almost
invisible (i.e. the fin appeared entirely dark, in 36 of
156 dolphins (23.1%) to a light grey or white patch
covering the larger part of the fin (23.1%), but more
than half of the animals (84 of 156 or 53.8%) showed
the intermediary configuration. DFB was inde-
pendent of sex (x2 = 0.66; df 2; p = 0.72) and maturity
status (x2 = 4.15; df 2; p = 0.13).

FLIPPER BLAZE - Most commonly (120 of 163,
73.6%) the upper side of the flipper was light to dark
grey with a blackish trailing edge widening into a
dark flipper tip. Rarely (6 of 163, 3.7%) was this
black too faint to be visible. When the flipper was
mostly dark grey, the blackish trailing edge and tip
were hardly discernible (37 of 163, 22.7%), and the
flipper could appear all black (see also MITCHELL,
1970). Lightly coloured flippers were more frequently
seen in younger than in adult animals (x2=10.0; df
2; p < 0,01) but no significant difference was found
between males and females (Yates corrected x2 =
1.20; df 1; p =0.27).

EYE PATCH. A prominent, blackish eye patch
was present in 154 of 183 (84.2%) specimens; in the
remaining 29 animals (15.8%), the eye patch was
faintly coloured or absent. More juveniles than adults
showed the latter colouration, but the difference was
not statistically significant (x2 = 3.11; df 1; p = 0.08).
The frequency of the eye patch types was not statis-
tically different between sexes (Yates corrected x2=
3.62; df 1; p = 0.06).

FLANK PATCH-MITCHELL (1970) recognized a
ventral flank blaze (vfb) and a dorsal flank blaze (dfb)
associated with the flank patch (FLAP). Our obser-
vations demonstrate that the ventral flank blaze is
nothing else than the cranial part of the flank patch.
Conversely, the dorsal flank blaze indeed consti-
tutes a separate overlay blaze merging with the
large flank patch, as is evidenced by clear differ-
ences in intensity of white in these components in
some individuals. The flank patch varies chiefly in its
position relative to the abdominal field (AF) and in its
overall size and shape. In the majority of specimens
(161 of 208, 77.4%), the flank patch is separated
from the abdominal field by a medium grey to black
ill- defined stripe of varying width. In another form, an
uninterrupted, broad black band separates the flank
patch from the ventral field (39 of 208, 18.8%); ex-
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ceptionally (8 of 208, 3.8%) the white of both fields
blend clearly into each other. The frequency of FLAP
variants had no relation to either sex (xz =1.42; df 2;
p = 0.49) or maturity (x2 = 2.39; df 2; p = 0.30) of the
dolphins.

THORACIC FIELD-. The most common form of
thoracic field in present sample (111 of 190, 58.4%)
was pigmented overall and therefore clearly differen-
tiated from the ventral field; in ten animals (5.3%) the
thoracic field appeared mostly white, while 69 speci-
mens (36.3%) were intermediately coloured. The
intensity of pigmentation was independent of matu-
rity (x2 = 0.70; df 2; p = 0.70) and sex (x? = 4.37; df
2, p=0.11).

LOWERLIP PATCH-. Of 167 dusky dolphins ex-
amined, 22 (13.2%) showed a lower lip patch (LLIP)
with minimal pigmentation; 93 (55.7%) had a moder-
ately pigmented and 52 (31.1%) a heavily pigmented
LLIP. Sexual dimorphism was absent (2 = 2.88; df
2, p = 0.24), but juveniles had a less pigmented
lower lip than adults (x2 = 13.37; df 2; p = 0.0013).

YELLOW FRINGE-. A brown-yellowish lateral
fringe (YEL) was clearly visible in 33 of 190 (17.4%)
dolphins. A first %2 test classified this trait as inde-
pendent of sex and maturity, but statistical values
were lost and could not be re-calculated since the
data set was unaccessible at time of writing.

FLIPPER STRIPE-. The presence of a prominent
eye to flipper stripe was fairly infrequent, namely in
36 of 224 (or 16.1%) of individuals examined. The
frequency of occurrence was independent of sex
(x? = 3.06; df 1; p = 0.08) and maturity (x2 = 0; df 1,
p = 1.00, with Yates’ correction).

Geographic variation

Variants of colour fields in New Zealand dusky
dolphins, evaluated from photographic material of
mostly live animals, were not qualitatively different
from these found in Peruvian specimens. As indi-
cated earlier, no quantitative analysis was possible,
but the form with an entirely white thoracic patch
(THO = 1), relatively rare in Peru (5.3%), may be the
more common form in New Zealand. DAWSON
(1985), discussing the latter, referred to the thoracic
patch as “a blaze of white extending from the snout,
above the eye, and along the flank to join the white
of the belly”, coinciding with our THO = 1 definition.
Several L. obscurus specimens from New Zealand
presented a (to Peruvian standards) unusually small
and delicate flank patch. A comparison of coloura-
tion with SW African dusky dolphins also revealed
no obvious deviations from the pattern seen in Peru-
vian animals, but further research is necessary.

Dusky dolphins from the Peninsula Valdez area

(Chubut, Argentina) also greatly vary in degree of
melanisation, possibly even more so than in Peru
(see WURSIG & WURSIG, 1978; 64,66). In a heav-
ily melanised phenotype, upper and lower lip
patches and the eye patch are strikingly black; a
conspicuous flipper stripe forms a broad, continuous
black band that fuses with an equally dark flipper.
The dorsal fin is almost entirely black and a yel-
lowishbrown hue of varying intensity may line the
borders of the white fields along the body. In a light-col-
oured phenotype, the flipper, flipper stripe, eye patch
and lip patches are so faintly pigmented as to appear
almost absent (e.g. GALLARDO, 1912; WURSIG &
WURSIG, 1978). Limited photographic material sug-
gests that the frequency of occurrence of these pheno-
types may be group-specific; moreover most specimens
seem to be intergrades between the two extreme types.

In live animals the anterior portion of the dorsal
flank blaze (dfb) is visible anterodorsally some dis-
tance beyond the dorsal fin. Due to quick post-mor-
tem fading this trait was rarely obvious in the Peru-
vian specimens.

Fitzroy form

A female dusky dolphin harpooned from the Bea-
gle in Bahia San José (Argentina), was described by
WATERHOUSE (1838) as Delphinus fitzroyi, sub-
sequently referred to the genus Lagenorhynchus
by FLOWER (1885). After more than a century of
confusion (reviewed by HERSHKOVITZ, 1966) L.
fitzroyi was still considered a separate species by
for instance NISHIWAKI & NORRIS (1966). Other
authors including KELLOGG (1941), YANEZ (1948)
and FRASER (1966) justly synonimized it with L.
obscurus. More recently it has been regarded by
some authors as a separate “Fitzroy” colour form of
the dusky dolphin (WATSON, 1981; LICHTER &
HOOPER, 1984; MINASIAN et al. 1984;: CARDENAS
et al., 1986). For reasons of clarity | reproduce here
(my comments in square brackets) the original descrip-
tion of the colour pattern by WATERHOUSE (1838):

“Upper parts of the body black, under parts pure
white, the two blended into each other by gray:
extremity of snout a ring round the eye [EYEP =
2}, the edge of the under lip, and the tail fin, black
[LLIP = 3]; dorsal [DFB = 3] and pectoral fins
[FLIB = 3] dark gray; a mark extends from the
angle of the mouth to the pectoral fin [FLIS = 1];
above which, the white runs through the eye and
is blended into grey over the eye; two broad
deep-gray bands are extended in an oblique
manner along each side of the body, running
from the back downwards and backwards [FLAP
=1or2J.
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The description and the accompanying litho-
graph made by Captain Fitzory “after an excellent
coloured drawing, when fresh killed” indicates that
the Fitzroy specimen is similar to the heavily melan-
ised colour type, as referred to above, from photo-
graphs presented by WURSIG & WURSIG (1978).
The reported colouration of the Fitzroy specimen is
aberrant in that “the white runs throught the eye” and
in the unusual, indistinct shape of the flank patch
(see WATERHOUSE, 1838: plate 10). The animal
was either an anomalous case of the melanised form
or, despite claims by WATERHOUSE (op. cit.), has
not been accurately depicted. The flank patch of the
GALLARDO (1912, Fig. 1) specimen was also fairly
unusual, so perhaps this patch is more variable in
Argentinian than in Peruvian L. obscurus. If in an
adequate sample from Argentina, the melanised
form would prove to be a discrete phenotype, it could
be referred to as the “Fitzroy form”; if not, and in the
meantime, this name should be reserved for histori-
cal reviews only.

Anomalous pigmentation

Five Peruvian dusky dolphins and one specimen
from SW Africa showed anomalous piebald pigmen-
tation in the form of irregular white flecks of blotches
superposed on the normal pattern (Table 3). White
patches on (black) skin have been associated with
Candida spp. infections in captive SW African dusky
dolphins (FOTHERGILL & JOGESSAR, 1986), but
the abnormalities reported here were presumably

not of an infectious nature, since the affected skin
surface was smooth and apparently healthy. The
phenotypic condition is highly reminiscent and prob-
ably equivalent to piebaldness (Dr. P.J.H. VAN
BREE, in litt. 19 May 1992), a genetic melanisation
defect well-known in humans and domestic animals,
also referred to as “Weiszscheckung” or “partial albi-
nism” (SUNDFOR, 1939; HOEDE, 1940; COOKE,
1952; COMINGS & ODLAND, 1966; HULTEN et al.
1987). Probability considerations suggest consan-
guinity for two affected animals (one a severe case)
landed the same day at the Pucusana wharf (Table
3). Differential frequencies of this dominantly inher-
ited trait perhaps could help delineate local breeding
groups, however for large-scale population discrimi-
nation (e.g. Peru versus SW Africa) it is probably
useless. Indeed, its occurrence in humans of various
races and widely separated areas suggest that it can
arise, apart from direct inheritance, by new mutation
(see SUNDFOR, 1939). Whether piebaldness is
identical with Chidiak-Higashi syndrome, previously
reported from a killer whale (RIDGWAY, 1976,
quoted in MATKIN & LEATHERWOOD, 1986,
Fig. 3.3) is still unclear. In any case, the partial
skin melanisation and the normal pigmentation
of the eyes clearly distinguishes it from albinism
(see HOEDE, 1940; HAIN & LEATHERWOOD,
1982).

In the genus Lagenorhynchus aberrant pigmen-
tation, but not piebaldness, has otherwise been de-
scribed solely from L. obliquidens (BROWN &
NORRIS, 1956; BROWNELL, 1965; BLACK, 1989.

TABLE 3
Known cases of piebald colouration in Lagenorhynchus obscurus

Number Locality Date Sex SL(cm) Description and source
s.n. Ancén, Peru Sept. 85 ? white blotches on anterior body and lower
lip; photograph by J.C. Reyes (CEPEC)
s.n. Pucusana, Aug. 86 ? white blotches on flukes and tail stock; pho-
Peru tograph by J.C. Reyes (CEPEC)
KVW1018 Pucusana, 25 Dec. 87 M 1945 blotches on flank and thoracic patch, dorsal
Peru flank blaze absent; photographs by author,
skin sample
KVW1288  Pucusana, 2 Jun. 88 M 190.0 flecked pattern over most of body, super-

Peru

KVW1313  Pucusana,
Peru

SAM37754 Hout Bay,
South Africa

2 Jun. 88 F

7 Mar. 76 F

posed on normal pattern; photographs by
author, skin sample

196.0 flecked patches; photograph by author

168.0 unpublished photograph courtesy of Dr. P.B.

Best (South African Museum, Cape Town)
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CONCLUSIONS

Although sexual dimorphism is statistically signifi-
cant in several external measurements, only differ-
ences in the position of the genital slit and anus and
the shape/size of the dorsal fin are of sufficient
magnitude to manifest a biological function. The
more forward positioned genital aperture and anus
in male dusky dolphins are typical cetacean features
(e.g. SERGEANT, 1962b; SLIJPER, 1962; PERRIN,
1975; YONEKURA et al. 1980). The slightly greater
girth at the anus in males can be related to this.
There is no vertical thickening of the caudal stock
behind the anus as for instance is seen in mature
males of the eastern spinner dolphin Stenella longi-
rostris orientalis (PERRIN, 1975; PERRIN et al.
1991).

The dorsal fin of the male is more strongly curved
and broader-based and has a substantially greater
surface area than that of the female. These dispari-
ties are accentuated with increasing body length. |
propose that the dorsal fin, besides its hydrodynamic
function, serves as a secondary sexual character, a
morphological signature of sexual maturity and, indi-
rectly, social status. In any case, the dorsal fin of L.
obscurus is more variable than either its flippers of
flukes, which suggests that additional selective pres-
sures are at work. The same argument probably
goes for various other cetaceans, including killer
whales, eastern spinner dolphins, Dall's porpoises
Phocoenoides dalli (JEFFERSON, 1990; PERRIN
et al., 1991) and Pacific white-sided dolphins
(BROWN & NORRIS, 1956). In adult spinner dol-
phins and Dall's porpoises, males have a more erect

dorsal fin than females (JEFFERSON, 1990: PER™

RIN, 1990; PERRIN et al., 1979, 1991). The reverse
is true for the dusky dolphin and, possibly, the Pacific
white-sided dolphin. Other Lagenorhynchus spp.
should be checked to see whether this trait is idio-
syncratic for the genus. Unfortunately, individual
variation and overlap in dorsal fin size and shape are
too great to permit reliable sexing of free-ranging
dusky dolphins. In killer whales, gender has been
judged on the basis of ratio of dorsal fin height to
basal length, although that method as well was
thought not to be foolproof (MATKIN & LEATHER-
WOOD, 1986).

No significant sexual dimorphism was found in
the colouration of L. obscurus. However, it is per-
haps worth to warn here for undue definitive conclu-
sions concerning (absence of) dimorphism where
borderline values for p were found (e.g. eye patch
and measurements E8 and E24, with 0.05 p < 0.07)
since the probability that these characteristics are
slightly dimorphic but were not detected at chosen o

level and sample size (so-called B error, see WON-
NACOTT & WONNACOTT, 1990), may be fairly
high. At any rate differences are subtle at best, and
one may safely state that, based on size, shape and
colouration, female and male dusky dolphins are
hard to distinguish from each other. This fact, toge-
ther with equal length at (50%) sexual maturity for
males and females (175 cm), huge testis size, and
apparent absence of wide-spread male antagonistic
behaviour suggests a promiscuous mating system
with sperm competition in the dusky dolphin (VAN
WAEREBEEK, 1992; VAN WAEREBEEK & READ,
in press).

Of eight colour components tested, the flipper
patch, lower lip patch and eye patch are substan-
tially less pigmented in juveniles than in adults. Full
pigmentation, at least in some elements of the colour
pattern, tends to be reached only at maturity, which
is in agreement with findings for other delphinids.
WALKER et al. (1984, 1986) found muted expres-
sion of elements of the aduit colour pattern in foe-
tuses and newborn calves of the Pacific white-sided
dolphin and intensification with age. PERRIN (1972)
noted a progressive obscuring of the dorsal cape in
the spinner dolphin. GWINN & PERRIN (1975)
through microscopic examination found some evi-
dence of pigment aggregation with development, in
the epidermis of gray and black areas of the com-
mon dolphin. Yellowish-brown pigment is rare in
cetaceans and has been reported only from the
common dolphin, the Atlantic white-sided dolphin
Lagenorhynchus acutus and some young speci-
mens of the killer whale (MITCHELL, 1970; GWINN
AND PERRIN, 1975; ELLIS, 1989). Thus the discov-
ery of a yellow fringe in L. obscurus is not without
importance. Although our current colouration record
for the various populations is incomplete, there are
indications that divergences may exist in relative
frequencies of colouration pattern variants.

The striking differences in mean and asymptotic
body length between Peruvian and both New Zea-
land and SW African dusky dolphins support the
recognition of discrete populations (and possibly
even separate subspecies) based on craniometric
and geographic considerations (VAN WAERE-
BEEK, 1992, 1993).
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