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ABSTRACT. The skull morphometrics of adult male Antarctic fur séattocephalusgazella (Peters, 1875) and South American fur
seal,A. australis(Zimmermann, 1783) were investigated using a collection of 45 and 38 skulls, respectively. Eighteen measurements were
taken for each specimen. Comparative univariate and multivariate statistical analyses included standard statistics, olysisvay ana
variance, principal component analysis and discriminant analysis. Individual variation was relatively high for some \asieblagssed

by the coefficient of variation. Skulls &. gazellawere larger than those @& australisfor all but two variables: squamosal jugal suture

and rostral length. Both species differed significantly as shown by both univariate and multivariate analyses. The didcmctioant
correctly classified all specimens. The standardized canonical coefficients showed that the variables which most conhé&ute to
differentiation between species were, in decreasing order, the rostral length, palatal length, palatal width at postchireensase

width. The present study corroborates tAatgazellaand A. australisare phenotipically distinct species.

KEYWORDS. Arctocephalus Otariidae, cranial characteristics.

RESUMEN. Morfometria craneana comparada de ejemplares machos adultos de lobo fino antarticArctocephalus gazellay

lobo fino sudamericano,A. australis Se estudié la morfometria craneana de especimenes machos adultos de lobo fino Antartico,
Arctocephalusgazella (Peters, 1875) y lobo fino sudamerica®o,australis(Zimmermann, 1783), consultando una coleccion de 45 y

38 craneos respectivamente. Para cada ejemplar se tom6 un total de 18 medidas. El andlisis comparativo univariado yomultivariad
incluy6 estadistica standard, analisis de varianza, analisis de componentes principales y andlisis discriminante. Landavicicadn

segln lo expresado por el coeficiente de variacion, fue relativamente alta para algunas variables. Los crAnemmzeléafueron
proporcionalmente mas grandes que aquello®\daustralispara todas las variables estudiadas, excepto dos: longitud de la sutura
escamoso-yugal y longitud rostral. Tanto el andlisis uni como mutivariado indicaron que ambas especies difieren sigaifieativaa
funcion discriminante clasifico correctamente a todos los especimenes estudiados. Los coeficientes candnicos estanddamatos rev
que las variables que mas contribuyeron a la diferenciacion entre las especies fueron, en orden decreciente, la lohditnditodtra
palatal, ancho palatal a nivel del postcanino 5y ancho de la caja craneana. El presente estudio corrébagazgliay A. australisson
claramente especies fenotipicamente distintas.

PALABRAS-CLAVE. Arctocephalus Otariidae, caracteristicas craneanas.

The polytipic genusArctocephaluscomprises in skull measurements within and among species of
eight species of fur seals which are mainly distributed iirctocephalus(e. g. $vertsen, 1954; King, 1969).
the southern hemisphere with the exception of thiRerenning et al. (1971) stated that several species of
Guadalupe fur seah. townsendverriam, 1897whichis  Arctocephalusvere distinguishable on the basis of suites
known from Isla Guadalupe, Mexico (29° N) and nearbgf cranial measurements and considered that skull length,
islands (RrenNINGet al, 1971). Of the southern speciesyostral length, nasal length, height of forehead and width
three are partially distributed in the Atlantic sector of thef palate between postcanines were most useful for their
Southern Ocean, i.e., the South American fur s&al, identification. Additionally, tooth size and pattern were
australis(Zimmermann, 1783), the Subantarctic fur seahlso found to be important characters for distinguishing
A. tropicalis (Gray, 1872) and the Antarctic fur se@l, species. However, they admitted the existence of great
gazella(Peters, 1875) (i, 1983). The two former intraspecific variation for each of these skull
species partially overlap in their distributional range, ancheasurements. Moreover, as pointed out BynBErR
hybridization between them has been reporteshg, (1998a), the main problems found in taxonomic studies of
1978; KerLEy & Rosinson, 1987). In contrash. gazella fur seals are related to small sample sizes, and the lack of
andA. australispresent separated geographical rangegquantitative information on variation of the morphology
with the former species distributed to the south and tvathin species. These problems have usually led to either
latter to the north of the Antarctic Polar Front. Howevegrroneous specific identifications or misleading
vagrant individuals of both species have been reportednclusions on the taxonomic relationships among
crossing this natural barrier§Groas 1962; Ryne, 1979;  species ofArctocephalus For instance, Kic (1954),
PiNEDO, 1990; Dineri et al, 1997; Qiveira et al, 2001).  based on the analysis of only three fur seal skulls from

Regarding skull morphometrics, previous studie&alapagos Islands, assigned them tentatively to the
have shown a marked degree of variation and overlapeciesA. australis The same author, after comparing
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measurements and proportions of two skulls ofPOW), rostral length (RL), squamosal-jugal suture length
Arctocephalus philippii(Peters, 1866) and one Af  (S-JL), zygomatic root width (ZRW), palate width at
townsendiconcluded that these species are very similpostcanine 1 (PW1), palate width at postcanine 3 (PW3),
to each other and should be synonymized under the napadate width at postcanine 5 (PW5), upper postcanine
A. philippii, wich has priority. However,#ennincet al.  length (UPCL), palatal length (PL), occipital crest-mastoid
(1971) recognized the Galapagos fur seal as a full specig3C-M), auditory width (AW) and distance between
Arctocephalus galapagoenskiseller, 1904, and also basion and bend of pterygoid (B-PT).

proposed the specific separation of the Juan Fernandez Some traditional measurements (e. g. rostral width,
and Guadalupe fur sealsAsphilippii andA. townsendi length and width of nasals) were not included in the
respectively. To the present, skull morphometric studiemnalyses since many skulls had these structures
within and among fur seal species based on a relativelgmaged. Mandibular measurements were also excluded
large number of specimens and employing multivariaidue to the lack of the mandible in many skullsPof
analysis techniques have been scarce (ergnNBr,  australis.

1998a; KRrLEY & Rosinson, 1987; Qiveira et al, 1999; Univariate and multivariate statistical analyses were
KEerLEy et al, 2000). Additionally, no comparative studyperformed using the statistical software package
of this type has been performed between the SoutheBtatistica (v. 5.5) (B1SorFt, 1999). Standard statistics
fur seal A. australisand the Antarctic fur sga\. gazella. comprised mean, standard deviation, coefficient of
Therefore, the aim of the present study is to examine thariation (CV) and range. Also, one-way analysis of
skull differences between adult males of these two fwariance on each character was used to ascertain whether
seal species as well as their intraspecific variability bgr not significant differences existed among species.

means of univariate and multivariate analyses. Interspecific differences were also investigated for each
character using the percentage difference between means
MATERIAL AND METHODS (% D) (Kine & M ooby, 1982; Ric & RuprecHT, 1989); the

mean for these percentages ( x % D) was also calculated.

This study was based on 83 male skulls of two Since multivariate analyses require complete data
species of fur seals of the genfisctocephalus A.  sets, those missing cranial measurements of each
gazella(n = 45) andA. australis(n = 38). AllA. gazella specimen were estimated by stepwise regression from
skulls came from South Orkney and South Shetlarttie remaining subset of cranial variables available for
Islands, except one specimen from South Georgia, whilleis specimen (Rc & RuprecHT, 1989; RiG, 1992).
those ofA. australiswere collected on islands andEstimates were made separately for each species and the
mainland coasts of the Southwest Atlantic. Specimemsedicted values were then filled in the data matrix.
were examined from the collections of the Museo de Lleourteen estimated measurements were included
Plata, Departamento Cientifico Zoologia Vertebradosepresenting 1.04 % of total data. Followingrkey &
Divisiobn Mastozoologia, La Plata (MLP); MuseoRoginson (1987) those variables showing relatively high
Argentino de Ciencias Naturales “BernardindCVs (>9%) were excluded from further multivariate
Rivadavia”, Division Mastozoologia, Buenos Airesanalysis. These were S-JL, ZRW, PW3 and SOW.
(MACN-Ma); Instituto Antartico Argentino, Buenos A principal component analysis (PCA) and a
Aires (IAA); Museo Nacional de Historia Natural, discriminant function analysis were performed on log
Montevideo (MNHN) and Facultad de Cienciasransformed data in order to investigate morphological
Zoologia Vertebrados Coleccion Mamiferosyariation within each group and to examine relationships
Montevideo (ZVCM). between species.

Only male skulls were included in the study as For the PCA, the values of the original variables
no female skulls oA. gazellawere available from the were standardized to z scores so that each variable had
above collections. Sex was taken from specimen labetgjual weight. This procedure removes bias resulting from

Specimens were aged on the basis of a suture indaxger measurements being dominant over the smaller
(SI) following SverTtsen (1954), who considered as adult§Brunner 1998a, 2002). The standard method of the
those with SI 19-36. HoweverrByner (1998a), analyzing  Statistica (v. 5.5) program, which includes all variables in
the skull morphometrics of two species of fur sealshe discriminant analysis, was used. The standardized
Arctocephalus pusillugSchreber, 1776) arl forsteri  canonical coefficients, which represent the contribution
considered that adult males that had reachesf each variable to the discriminant function, were

physiological maturity (when condylobasal length nonspected in order to investigate the group differences.
longer increases) were those with suture index of at least
24. Therefore, we included for statistical analyses only  Specimens examinedirctocephalus gazell§45): South
individuals of S| 24 or more. Georgia, MACN-Ma 16512; Laurie Island, South Orkney Islands,

Atotal of 18measurements (Fig. 1) were taken foM5A\%’\c‘)‘2"’éa 5110&% 92101621'142131‘;9 K}ngzéi%%éezliliﬁg sMolﬁltjh
each skull using a dial caliper to the nearest 0.1 MIByc(jang islands, MACN-Ma 20436, 21062, 21353, 21754 -
Measurements corresponded to those used in previgysse, 21760 MLP 25.V1.02.22, IAA 1 - 5; Nelson Island, South
otariid studies (8erTsen, 1954; KerLEY & RoBiNsON,  Shetland Islands, MACN-MA 21757, 21758; Halfmoon Island,
1987; BRUNNER, 1998a,b; KrLEY et al, 2000): South Shetland Islands, MLP(DZV) 25.VI.02.24

; ; Arctocephalus australi$38): URUGUAY, Cabo Polonio,

Condylobasal length (CBL), zygomatic width (ZW),,\,\\"3199  7vcM 349, 353, 358, 1535, 1544: Balneario
braincase width (BW), mastoid width (MW), interorbitalagjantico, zvem 1542 Dep. Rocha (exact locality unknown),

width (IOW), supraorbital width (SOW), preorbital widthzvcm 1317; Arroyo Chuy, ZVCM 1519; Barra del Arroyo
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Fig. 1. Skull measurements used in this study (AW, auditory width; B-PT, distance between basion and bend of pterigoyahc8W, bra
width; CBL, condylobasal length; IOW, interorbital width; MW, mastoid width; OC-M, occipital crest-mastoid; PL, palatal leayth;
preorbital width; PW1, palate width at postcaninel; PW3, palate width at postcanine 3; PW5, palate width at postcanirest®alRL, r
length; S-JL, squamosal-jugal suture length; SOW, supraorbital width; UPCL, upper postcanine length; ZRW, zygomatic radivwidth;
zygomatic width).

Maldonado, ZVCM 1520; Playa Buceo, MNHN 2950; Isla delength. Palate width at postcanine 5 and zygomatic root
tgg‘s’f's lz;‘j(%uc"’;yio'\é'g‘lﬂy 5ﬁ3ﬁ65\,‘:36v225(2:?\h ZYZCMgﬁf gggugysalrwidth were the characters with the highest value of
362, 1518, 1537, 1543, 1546, 1549, 1550, 1557, 1591, 2179€rcentage of difference among species; nevertheless,
2130, 2131, 2562; ARGENTINA, Santa Teresita, MACN-Madall measurements showed an overlap in ranges. Individual
20566; Mar del Plata, MLP 1061; Malvinas/Falkland Islandsyariation, expressed by the coefficients of variation (CV),

MACN-Ma 21863; South Georgia, MACN-Ma 29.769; unknownwas relatively high for some variables in both species

locality, MLP 14-1V-48-14, MACN-Ma 20562. (Tab. 1).
Univariate analyses of variance were carried out
RESULTS including estimated values, in order to make F values

comparable (i. e. with the same degrees of freedom). The

On average, skulls &. gazellavere larger(x % = tests revealed highly significant differences between

9,7) than those ok. australisfor almost all dimensions species in all variables (P < 0.001), with the exception of
except for squamosal-jugal suture length and rostredstral length (P > 0.05, Tab. I). Palate width at postcanine
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5, palatal length and zygomatic root width showed thHength and auditory width. Component Ill, also a shape
most significant difference (highest F values) betweetomponent, accounted for a further 8.2% of total variation
species (Tab. I). The PCA performed f&r gazella and was influenced mainly by interorbital width and
revealed that the percentage of total variance that b@stlatal width at postcanine 5 (Tab. Il). Eigenvalues for
explained the data was summarized in the first thremmponents I, Il and Ill were 6.46, 1.66 and 1.14
components. Component | accounted for 46.2% of threspectively.

total variation and was interpreted as a size component  On the other hand, PCA fak. australisshowed

as suggested by the relatively large and positivihat Component | related to size and accounted for 45.3%
coefficients for almost all measurements. Component ¢f the total variation. Component Il, a shape component,
accounted for a further 11.9% of the total variation andccounted for a further 11.5% of the total variation and
was described as a shape component because of thas influenced by braincase width, interorbital width
positive and negative coefficients. This component wand palatal width at postcanine 5. Component Ill, also
mainly influenced by upper postcanine length, palatal shape component, accounted for 9.7% of the total

Table I. Basic statistics (in mm) of 18 skull measurements (see the text for explanation of abbreviaoog)cephalus gazelland

A. australis The percentage of difference between means (% D) and their mean (**) are also given. F values were calculated from complete
data set (including estimated values); all variables showed significant differences ( P < 0.001) between species, exdept RL3&J;

degrees of freedom: 1.81.

A. gazella A. australis

Variable N Mean +SD Range cVv N Mean + SD Range Ccv % D F

CBL 44 24557 £ 7.29  226.3-262.7 3.0 38 237.44 +£8.16 221.9-258.8 3.4 3.4 23.8
ZW 45 147.98 + 5.73  132.8-162.9 3.9 38 138.67 £ 5.17 125.8-149.1 3.7 6.7 59.5
BW 45 81.38 + 3.27 75.4-91.4 4.0 38 76.00 £ 2.50 69.7-80.9 3.3 7.1 71.3
MW 45 138.46 + 6.25 125.0-154.2 4.5 38 128.29 £ 6.13 112.7-144.8 4.8 7.9 56.5
AW 45 118.2 £ 5.0 107.9-128.4 4.3 38 1141 +51 103.7-123.6 4.5 6.1 37.6
Iow 43 37.21 + 2.49 31.6-43.2 6.7 38 34.77 £ 2.72  31.0-43.7 7.8 7.0 16.9
SOwW 42 63.85 + 4.87 51.1-73.5 7.6 35 54.25 £+ 6.00 43.4-69.0 11.1 17.7 74.0
POW 45 66.66 + 3.73 56.6-74.5 5.6 35 62.23 £ 3.82 53.6-70.4 6.1 7.1 30.8
RL 45 75.18 + 3.60 66.8-85.4 4.8 38 75.84 + 3.33  67.5-83.0 4.4 -0.9 0.8*
S-JL 45 34.81 + 3.29 27.6-43.2 9.4 38 37.65 £ 2.88 29.8-43.1 7.6 -7.6 17.4
ZRW 45 21.48 £ 1.97 16.2-25.7 9.2 38 17.05 £ 1.52  13.8-19.8 8.9 26 129.4
PwW1 45 29.23 + 2.41 23.9-35.2 8.2 38 2592 + 2.31 21.6-31.7 8.9 12.8 40.7
PW3 45 31.8 2.6 26.9-38.2 8.2 38 28.1 + 2.7 23.4-34.9 9.5 13 40.3
PW5 44 42.55 + 3.39 34.7-51.0 8.0 38 33.20 £ 259 27.9-37.4 7.8 28.2 204.2
UPCL 42 65.08 + 3.14 58.2-72.4 4.8 36 58.55 + 2.83  54.1-65.7 4.8 11.1 105.i
PL 45 112.91 + 5.47 95.4-123.0 4.8 37 99.76 £ 430 91.0-108.6 4.3 13.2 1435
B-PT 44 84.6 £ 2.9 78.6-91.0 3.5 38 80.0 £ 2.9 744 -859 3.6 5.7 52.5
OC-M 45 118.92 + 6.46 103.3-133.7 5.4 38 108.24 +5.82 95.7-120.1 5.4 9.9 61.9

9.7 **

Table Il. Factor matrix from the 14 variable principal componenfable Ill. Factor matrix from the 14 variable principal component
analysis of specimens @& gazellashowing the character loadings analysis of specimens @& australisshowing the character loadings

on the first three components. on the first three components.
Variable Factor Factor Factor Variable Factor Factor Factor
1 2 3 1 2 3

CBL 0.83 0.31 -0.05 CBL 0.85 0.07 0.00
ZW 0.81 -0.34 0.21 ZW 0.86 -0.07 0.12
BW 0.25 0.34 0.38 BW -0.02 0.67 0.60
MW 0.78 -0.36 0.25 MW 0.82 -0.34 0.00
oW 0.67 -0.30 -0.48 oW 0.55 0.44 0.45
POW 0.67 -0.27 -0.39 POW 0.64 0.34 0.03
RL 0.80 0.28 0.18 RL 0.79 0.18 -0.08
PW1 0.70 0.16 -0.30 PW1 0.51 0.37 -0.57
PW5 0.58 -0.04 -0.42 PW5 0.38 0.43 -0.64
PL 0.59 0.47 0.07 PL 0.63 -0.39 0.08
AW 0.73 -0.39 0.40 AW 0.81 -0.22 0.01
B-PT 0.63 0.32 0.04 B-PT 0.51 0.20 0.02
OC-M 0.78 -0.25 0.20 OoC-M 0.84 -0.35 0.19
UPCL 0.45 0.63 -0.09 UPCL 0.68 -0.05 0.02
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variation and was influenced primarily by palate widththe separation between the two species (Fig. 3).

at postcanine 5, braincase width and palate width Bkamination of the standardized canonical coefficients

postcanine 1 (Tab. Ill). Eigenvalues for components tevealed that the variables which most contributed to

Il and Il were 6.33, 1.60 and 1.35 respectively. the discrimination between groups, in decreasing order,
Additionally, a PCA for both species combined i.evere rostral length, palatal length, palatal width at

without prior grouping of material, was performed. In thigpostcanine 5 and braincase width (Tab. V).

case, the total variation of the pooled data was

summarized in two components. Component |, a size DISCUSSION
component, with all positive (mostly large) coefficients,
accounted for 61.5% of the total variation. Component I| Fur seals of both species exhibited a relatively high

accounted for another 9% of the total variation beingariation, expressed by the coefficients of variation (CV)
mainly influenced by rostral length, braincase width anith some cranial measuremertiégh CVs have been also
palate width at postcanine 5 (Tab. 1V). Eigenvalues fareported in previous morphometric studies of
components | and Il were 8.60 and 1.26 respectively. Arctocephaluspecies (e. g. #RLEy & Rosinson, 1987;

The diagram illustrating the pairwise comparisorBRUNNER, 1998a; KRrLEY et al, 2000). This general
of components | and Il shows a clear and good separatieariability may be a feature of marine mammals and, as
between the two species (Fig. 2) . KerLEY & RosinsoN (1987) suggested, this should be

Finally, the discriminant function analysis indicatedaken into account when variables are selected for
significant differences among species (W =0.10; F = 39.8&nalysis. Skulls of mal&. gazellaare larger than those
d.f.=14, 68; P <0.0001/B 33.06). The function correctly of A. australisin aimost all dimensions. The two species
classified all specimens and the derived discriminandiffer significantly in all but one variable, the rostral
scores plotted as frequency histograms clearly illustralength, as shown by one-way ANOVA. However, when

this variable was considered in correlation with the others,

Table IV. Factor matrix from the 14 variable principal componentg made a Slgmﬂ-cant contribution fo the dISCI’Imlnatlpn
analysis of specimens of both speciesAoftocephaluscombined Etw.e.en SPecies, as .Shown by .the standardized
showing the character loadings on the first two components. CO€fficients of the discriminant analysis as well as by the
PCA combined for both species. In relation to this

Variable Factor Factor character, it is worth mentioning that the rostrunfof

[ [l gazellawas described by HENNING et al. (1971) as
CBL 0.84 -0.30 distinctively broad and rather short while that/Aof
zZW 0.90 -0.08 australisis moderately long . Additionally, we observed
BW 0.62 0.47 thatA. gazellapresents a wider palate thanaustralis
:V(')VQ’V g-g :8'22 The tooth row of the former species is characterized by a
POW 0.77 011 posterior divergence, especially at the level of the fifth
RL 0.43 0.78 postcanine teeth. IA. australis the tooth rows are
PW1 0.77 0.02 roughly parallel and there is only a slight divergence at
PW5 0.82 0.39 the level of the fifth postcanine. This is in line with the
PL 0.84 0.22 great contribution of the palatal width at postcanine 5 to
AW 0.84 -0.08 the differentiation between both species found in this
B-PT 0.77 0.08 study. The squamosal-jugal suture as well as the
OC-m 0.88 -0.08 zygomatic root width were mentioned by (1959) as
UPCL 0.81 0.27 two of the three most useful characters for distinguishing

A. gazellafrom A. tropicalis However, KERLEY &
Table V. Standardized coefficients and eigenvalue of thRosinson(1987) excluded them from their study because
discriminant function separating adult malesfofgazellaand A. they considered that these variables exhibited high

australis. intraspecific variation or high interspecific overlap, not
Variable Standardized being suitable for taxonomic purposes. Other characters
Coefficients also excluded under the same criteria by these authors
CBL .0.38 were supraorbital width and rostral length (gnathion to
ZwW 0.28 preorbital process lengsiensiKerLEY & Roginson, 1987).
BW 0.45 In the present study these same characters, together with
MW 0.30 palatal width at postcanine 3, were also excluded from
1ow -0.05 multivariate analysis because of their high CVs with the
ZSW g-gge exception of rostral length, which presented a CV<5%.

RerenniNGet al.(1971) stated that, despite the great

gwé 8:22 individual variation in s_kuII measurements, postcanine
PL 0.59 teeth probably provided the easiest key to the
AW -0.39 identification of fur seal species. According to these
B-PT 0.28 authors the teeth @f. australispresent either prominent
ocC-M 0.25 anterior and posterior cusps or a single main cusp with a
UPCL 0.22 suggestion of an anterior accessory cusp. Also, a weak
Eigenval 8.21 diastema is present between the fifth and sixth
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Fig. 3. Histogram of discriminant scores of adult malef\ofjazellaand A. australis
postcanines. In contrast, postcanine teetA.ojazella the molars are also characteristic of the species. A similar
are small, unicuspid, and with a distinctive abrasion ogescription of the postcanine dentitionfofgazellawvas

their lingual surface. Prominent diastema which tend tmade by ReHmER & OLiveira (2000). Our visual
be larger between the posterior premolars and betwei@spection of postcanine teeth from skulls of both species

Iheringia, Sér. Zool., Porto Alegre, 95(3):261-267, 30 de setembro de 2005



Skull morphometrics of adult male antartic fur sedictocephalus gazella 267

were consistent with the above descriptions. In: CroxaLL, J. P. & GnTRy, R. L. eds.Status, biology and
The multivariate analyses performed in the present ecology of fur seals Seattle, NOAA Technical Report

study, based on cranial characters, corroborate tpgR’\i';"YFSG 5|1'Hp',1iL1L'E1N311'3 R. & Bester M. N. 2000. Skul

statement of BrenninGet al. (1971) that botih. gazella 1o/ phometrics  of male Subantarctic fur seals
andA. austrahs_are phenotipically distinct species. This  (Arctocephalus tropicalls from Marion and Gough Islands.
study was the first to provide information on comparative African Zoology 35:165-171.

cranial morphometrics betweek australisand A. Kine, J._ E. 1954._ The otariid‘ _seals of the Pacific Coast of
gazella However, it was restricted only to adult male ﬁgfg'r;a ;ggﬁ;'gr; Osfetr?gszsgi'ﬂgs;v'use“m of Natural
specimens due to the lack of sufficient material of other 1959, The northern and southern populations of
sex/age groups. Several authors have previously statedirctocephalus gazellaMammalia 23:19-40.

that a statistical identification procedure for all species_- 1969. The identity of the fur seals of Australia.
of the genudrctocephalusvould be of great benefit as ~ Australian Journal of Zoology 17:841-853.

X - . 1983.Seals of the world London, British Museum
these have proved to be morphologically similar. FUture=(ayral History)/Comell University Press. 240p.

studies of this type, including a higher number of specigsis, C. M. & Moopy, J. E. 1982. The biology of the stoat
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