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Abstract—The present study reports the first reference on length-weight relationships (LWR) and sexual
dimorphism for Bassanago albecens, caught as bycatch in the commercial fishery in the Argentine continental
shelf. A total of 91 conger eels were examined. Female specimens (ranged from 371 to 661 mm total length—7L)
have body length larger than males (from 396 to 537 mm 7TL), but the length-weight relationships allometry
coefficient was 3.76 for both sexes. Three out of seven morphometric measurements differed between sexes,
in particular head size characteristics. These biometric data and their relationships are relevant to the man-
agement and conservation of fish diversity and fisheries.

Keywords: size distribution, allometry, biometric data, Congridae, Southwest Atlantic shelf

DOI: 10.1134/50032945218030025

INTRODUCTION

The hairy conger eel Bassanago albescens is an iter-
oparous species (Figueroa, 1999) whose leptocephalus
larva was described in 2006 (Figueroa and Ehrlich,
2006). Regarding the iteroparity of B. albescens,
Figueroa (1999) analyzed histological sections of ova-
ries in advanced ripening, and observed until four
oocyte batches, together with postovulatory follicles.
This fact allowed the author to assume that this species
is a batch spawner, suggesting that spawning of hairy
conger is repeated every year throughout it life span
(Murua and Saborido-Rey, 2003). B. albescens inhab-
its the Southeastern Pacific (Chile), the Southeastern
Atlantic (Namibia to South Africa) and the South-
western Atlantic, from South Brazil to Argentina
(45°S) on the outer continental shelf and upper slope
(Nakamura et al., 1986; Figueroa and Ehrlich, 2006;
Caires and Figueiredo, 2011; Eschmeyer et al., 2017).
In the Southwestern Atlantic, it presents a high bio-
mass, an enclosed environmental niche (Figueroa,
1999) and is captured as bycatch in trawling fisheries
targeting Argentine hake, Merluccius hubbsi (Renzi
and Castrucci, 1998).

Length weight relationships (LWR) prove to be
very helpful in fisheries research for estimating the
weight corresponding to a given length and the bio-
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mass, and also for allowing life history and morpho-
logical comparisons between different fish species
and/or populations (Froese, 2006; Joyeux et al.,
2009). In addition, the LWR indicate the degree of sta-
bilization of taxonomic characters in fish species and
is very useful in the management and exploitation of
fish populations (Pervin and Mortuza, 2008). In many
fishes sexual dimorphism is recorded, usually females
are larger than males of the same age (Parker, 1992).
This implies that there can be distinct allometries in
their morphological features and, at the same time,
sexual differences in morphometric characteristics
(Kim et al., 2008). Thus, this study provides length-
weight data and examines the possible sexual dimor-
phism in morphometric characteristics of the South-
western Atlantic B. albescens. This represents a contri-
bution for future studies on the ecology of the species,
its management and conservation.

MATERIALS AND METHODS

Samples were obtained from research cruises con-
ducted in the region north of the Southwest Atlantic
shelf (36°—41° S) by the National Institute for Fisher-
ies Research and Development (INIDEP) in autumn
2009 (Table 1). A bottom trawl was used during the
campaign. After collection, the specimens were stored
at —20°C for transfer to the laboratory where the total

396



SEXUAL DIMORPHISM AND LENGTH—WEIGHT RELATIONSHIP

397

Table 1. Details of the fishing hauls performed; Females and Males: number of Bassanago albescens collected in the South-

west Atlantic shelf

Latitude Longitude Depth, m Females Males Size range, mm
36°04.2° S 53°29.3' W 148 18 15 371-655
36°43.2° S 53°59.8° W 120 21 10 418—661
39°45.6" S 56°07.2" W 142 13 14 396—642

Table 2. Statistical tests performed to compare the total length of Bassanago albescens in the Southwest Atlantic shelf

Test Statist df. p-value
Kolmogorov—Smirnov D=0.859 0.0014
Test to compare two means t=11.22 88.83 0.0162
Test to compare two variances F=10.958 51 and 38 0.0327

Table 3. Regression equations and estimated parameters of length—weight relationships for Bassanago albescens in South-

west Atlantic shelf

N TL range, mm Wrange, g

Regression equation a b 2

91 371-661 50-510

log W= —7.957 + 3.7571ogTL

3.757 0.954

1 x 1078

N—number of individuals, TL—total length, W—total weight, a—intercept, b—slope, r2—coefficient of determination.

length (7L) measured to the nearest mm, the total
weight (W) weighed on an electronic balance to the
nearest 0.01 g and the sex of each animal were
recorded.

A comparison by sexes of the TL frequency distri-
bution was carried out using the Kolmogorov-
Smirnov test (Crawley, 2007). The length-weight rela-
tionships (LWR) were estimated according to the
equation W= aTL? (Ricker, 1973) by linear regression
after a logarithmic transformation of the variables
logW = loga + blogTL (Froese, 2006). The degree of
association between W—TL was calculated by the
determination coefficient (+%). Parameters a and b
were also estimated. The hypothetical isometry values
(b = 3) were checked using the Student’s t-test at the
level of 95% confidence limit (Zar, 1999). An analysis
of covariance (ANCOVA) (Crawley, 2007) was per-
formed to test significant differences in regression gra-
dients between sexes (p = 0.05).

For each specimen, seven measures were obtained
following to Bohlke (1989), Smith (1989), and Lopez
and Castello (1975): 1) eye diameter (ED); 2) pre-anal
distance (PAD); 3) head length (HL); 4) mouth length
(ML); 5) tip of snout—lower base of pectoral fin
(SBP); 6) snout-beginning of dorsal fin distance
(SDD); 7) tip of snout—posterior margin of eye (SPE)
(Fig. 1). All measurements were obtained using a
Mitutoyo gage (0.01 mm). Size-dependent differences
were eliminated following Cussac et al. (1998) and
Milano et al. (2002). All measurements were adjusted
to the mean 7L using the relationship: AM; =
log(OM,) — b[log(TL;) — mean(log(7L)], where AM;
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and OM; are the adjusted and original measures,
respectively, of the individual; character; TL; is the
total length of the individual;; and b is the regression
coefficient of the logarithms of OM and TL. The con-
stancy of b over the size range was assessed through
double logarithmic scatter plots of AM vs. TL. Dis-
criminant Function Analyses (DFA) were used in
order to identify the morphological variation between
sexes. This multifactorial analysis allowed the deter-
mination of variable combinations that best discrimi-
nated between sexes and detected which one was the
most different (Rencher, 2002). The assumptions of
DFA were previously tested according to Zuur et al.
(2007).

RESULTS

A total of 91 eels were examined and in all of them
was possible to distinguish their sexual identity.
Females (n = 52) ranged from 371 to 661 mm TL, with
amean x SD of 578.8 £ 52.6 mm 7L, while males (n =
39) were smaller, with a size range of 396 to 537 mm
TL and a mean £ SD of 472.6 + 37.6 mm TL (Fig. 2,
Table 2). LWR for males and females did not differ sig-
nificantly (ANCOVA, d.f. = 1, p = 0.596). Therefore,
all specimens were pooled to estimate LWR parame-
ters of B. albescens (Table 3, Fig. 3) and a positive
allometry was detected (r = 8.667, p = 0.00002).

DFA performed on seven morphometric variables,
showed highly significant interspecific differentiation
between sexes (Wilk’s A = 0.151; F (6, 84) = 79.179;
p = 0.0001). The overall correct classification into
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Fig. 1. Measures obtained for Bassanago albescens specimens. TL—total length; 1. ED—eye diameter; 2. PAD—pre-anal distance;
3. HL—head length; 4. ML—mouth length; 5. SBP—tip of snout-lower base of pectoral fin; 6. SDD—snout-dorsal fin beginning

distance; 7. SPE—tip of snout-posterior margin of eye.
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Fig. 2. Size distributions for Bassanago albescens in Southwest Atlantic shelf: (M)—males, n = 39; (O0)—females, n = 52.

their originals groups was 100% and the morphomet-
ric variables most correlated with the canonical func-
tion were HL, tip of snout—lower base of pectoral fin
(SBP) and snout—beginning of dorsal fin distance
(SDD), corresponding all to the head size (Table 4).

DISCUSSION

Fish dimensions and weight are used to character-
ize growth, sexual maturation, maximum size, popu-
lation structure and, in addition, for specific identifi-
cation and differentiation between sexes of a species
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(Francis, 2006). In relation to Bassanago albescens,
Meyer and Smale (1991) and Cousseau et al. (2004)
mentioned that individuals measure not more than
one meter total length and only females reach the
maximum size of the species. Results of present study
agree with these authors and statistically prove that
there is sexual difference in the total length of B. albes-
cens. Parameter b value was higher than the expected
range of 2.5 < b < 3.5 (Froese, 2006). The possible rea-
son could be that the b value is affected by many fac-
tors, such as the length ranges used, study seasons,
habitat, sex, diet, health and annual differences in

No.3 2018
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Table 4. Morphometric variable differences between males and females of Bassanago albescens in the Southwest Atlantic

shelf

Morphometric variable DF1 R?
Eye diameter, ED 0.003 0.127
Pre-anal distance, PAD 0.450 0.114
Head length, HL 0.531 0.570
Mouth length, ML 0.010 0.272
Tip of snout-lower base of pectoral fin, SBP 0.351 0.605
Snout-beginning of dorsal fin distance, SDD 0.176 0.470
Tip of snout- posterior margin of eye, SPE 0.132 0.192
Eigenvalue 6.894
Variance explained, % 100
Total variance explained, % 100
Wilks’ Lambda 0.151
p-level <0.001
Canonical correlation 0.923

Standardized canonical discriminant function (DFl% variance explained, Wilks’ Lambda, significance (p-level), canonical correlation

)

and variables correlation with DF1 is 1-Tolerance (R
environmental conditions (Moutopoulos and Ster-
giou, 2002; Oscoz et al., 2005; Ye et al., 2007), all of
which were not considered in the Froese (2006) study,
where the estimated parameters were regarded as
mean values and they are not representative of any
particular condition. Sexual dimorphism was detected
in the morphometric characteristics related to both
head size and total length. This sexual dimorphism
may reflect the outcome of sexual selection in this spe-
cies (Parker, 1992). The present study provides length-
weight data and sexual dimorphism for B. albescens
not yet represented in FishBase (Froese and Pauly,
2017); hence, these findings are important contribu-

tions for future studies on this species and are relevant
to the management and conservation of fish diversity.

0 1 1 1 1 1 1 ]
350 400 450 500 550 600 650 700
Total length, mm

Fig. 3. Length-weight relationship for Bassanago albescens
caught in Southwest Atlantic shelf. Total length, 7L; Total
weight, W= 1/23 x 108 TL3'76; Regression coefficient,
R*= 0.95; sample size, n = 91.

2018

JOURNAL OF ICHTHYOLOGY Vol.58 No.3

ACKNOWLEDGMENTS

We thank the Instituto Nacional de Investigacion y
Desarrollo Pesquero (INIDEP) for specimens col-
lected. This work was funded by grants from Universi-
dad Nacional de Mar del Plata (grant number EXA
776/16). G.E.B. was supported by a post-doctoral
scholarship from CONICET. We are also grateful to
Dr. Gistavo Macchi and the referees for their helpful
comments that greatly improved the manuscript.

REFERENCES

Bohlke, E.B., Methods and terminology, in Fishes of the
Western North Atlantic, Bohlke, E.B., Ed., New Haven:
Mem. Sears Found. Mar. Res., 1989, vol. 1, part 9, pp. 1-7.

Caires, R.A., and de Figueiredo, J.L., The northernmost
record of Bassanago albescens and comments on the occur-
rence of Rhynchoconger guppyi (Teleostei: Anguilliformes:
Congridae) along the Brazilian coast, J. Fish. Biol., 2011,
vol. 78, pp. 366—372. doi 10.1111/j.1095-8649.2010.02856.x

Cousseau, M., Gosztonyi, A., Elias, 1., and Ré, M., Estado
actual del conocimiento de los peces de la plataforma con-
tinental Argentina y adyacencias, in El Mar Argentino y Sus
Recursos Pesqueros, Sanchez, R.P., and Bezzi, S.I., Eds.,
Mar del Plata: Inst. Investig. Desarrollo Pesquero, 2004,
vol. 4, pp. 17—38.

Crawley, M.J., The R Book, Chichester: Wiley, 2007.

Cussac, V.E., Ruzzante, D.E., Walde, S., Macchi, P.J.,
Ojeda, V., Alonso, M.F., and Denegri, M.A., Body shape
variation of three species of Percichthys in relation to their
coexistence in the Limay River basin, in Northern Patago-
nia, Environ. Biol. Fish., 1998, vol. 53, pp. 143—153. doi
10.1023/A:1007492101376

Eschmeyer, W.N., Fricke, R., and van der Laan, R., Cata-
log of fishes, version 08/2017. http://researchar-



400

chive.calacademy.org/research/ichthyology/catalog/fishcat-
main.asp.

Figueroa, D.E., Estudio sobre la anatomia y algunos aspec-
tos de la biologia de los congrios que habitan el Mar Argen-
tino y adyacencias, PhD Thesis, Mar del Plata: Natl. Univ.
of Mar del Plata, 1999.

Figueroa, D.E., and Ehrlich, M., Systematics and distribu-
tion of leptocephali in the western South Atlantic, Bull.
Mar. Sci., 2006, vol. 78, pp. 237—242.

FishBase, Version 08/2017, Froese, R., and Pauly, D., 2017.
http://www.fishbase.org.

Francis, M.P., Morphometric minefields-towards a mea-
surement standard for chondrichthyan fishes, Environ. Biol.
Fish., 2006, vol. 77, pp. 407—421. doi 10.1007/s10641-006-
9109-1

Froese, R., Cube law, condition factor and weight—length
relationships: history, meta-analysis and recommenda-
tions, J. Appl. Ichthyol., 2006, vol. 22, pp. 241—253. doi
10.1111/5.1439-0426.2006.00805.x

Joyeux, J.C., Giarrizzo, T., Macieira, R.M., Spach, H.L.,
and Vaske, T., Jr., Length-weight relationships for Brazilian
estuarine fishes along a latitudinal gradient, J. Appl. Ich-
thyol., 2009, vol. 25, pp. 350—355. doi 10.1111/5.1439-
0426.2008.01062.x

Kim, Y.J., Zhang, C.I., Park, 1.S., Na, J.H., and Olin, P.,
Sexual dimorphism in morphometric characteristics of
Korean chub Zacco koreanus (Pisces, Cyprinidae), J. Ecol.
Field Biol., 2008, vol. 31, pp. 107—113. doi
10.5141/JEFB.2008.31.2.107

Lopez, R.B., and Castello, H.P., Un nuevo congrio para el
mar Argentino, Pseudoxenomystax albescens (Barnard,
1923) (Pisces, Congridae), Physis, 1975, vol. 34, no. 88,
pp. 201-206.

Meyer, M., and Smale, M., Predation patterns of demersal
teleosts from the Cape south and west coasts of South
Africa. 2. Benthic and epibenthic predators, Af. J. Mar.
Sci., 1991, vol. 11, pp. 409—442. doi 10.2989/
02577619109504630

Milano, D., Cussac, V.E., Macchi, P.J., Ruzzante, D.E.,
Alonso, M.F., Vigliano, P.H., and Denegri, M.A., Predator
associated morphology in Galaxias platei in Patagonian
lakes, J. Fish Biol., 2002, vol. 61, pp. 138—156. doi 10.1111/
j.1095-8649.2002.tb01742.x

JOURNAL OF ICHTHYOLOGY  Vol. 58

BLASINA et al.

Murua, H., and Saborido-Rey, F., Female reproductive
strategies of marine fish species of the North Atlantic, J.
Northw. Atl. Fish. Sci., 2003, vol. 33, pp. 23—31.

Moutopoulos, D.K., and Stergiou, K.I., Length—weight
and length—length relationships of fish species from the
Aegean Sea (Greece), J. Appl. Ichthyol., 2002, vol. 18,
pp. 200—203. doi 10.1046/j.1439-0426.2002.00281.x

Nakamura, I., Inada, T., Takeda, M., and Hatanaka, H.,
Important Fishes Trawled off Patagonia, Tokyo: Jpn. Mar.
Fish. Resour. Res. Center, 1986.

Oscoz, J., Campos, F., and Escala, M.C., Weight-length
relationships of some fish species of the Iberian Peninsula,
J. Appl. Ichthyol., 2005, vol. 21, pp. 73—74. doi
10.1111/j.1439-0426.2004.00587.x

Parker, G.A., The evolution of sexual size dimorphism in
fish, J. Fish Biol., 1992, vol. 41, pp. 1-20. doi
10.1111/j.1095-8649.1992.tb03864.x

Pervin, M.R., and Mortuza, M.G., Notes on length—
weight relationship and condition factor of freshwater fish,
Labeo boga (Hamilton) (Cypriniformes: Cyprinidae), J.
Zool. Rajshahi Univ., 2008, vol. 27, pp. 97-98. doi
10.3329/ujzru.v27i0.1964

Rencher, A.C., Methods of Multivariate Analysis, New York:
Wiley, 2002.

Renzi, M., and Castrucci, R., Andlisis Cuali- Cuantitativo de
la Fauna Acompaiiante en la Pesqueria de Merluza (Merluc-
cius hubbsi) al Norte de 41° S, Mar del Plata: Inst. Investig.
Desarrollo Pesquero, 1998.

Ricker, W., Linear regressions in fisheries research, J. Fish.
Res. Board Can., 1973, vol. 30, pp. 409—434. doi
10.1139/f73-072

Smith, D.G., Family Congridae, in Fishes of the Western
North Atlantic, Bohlke, E.B., Ed., New Haven: Mem. Sears
Found. Mar. Res., 1989, vol. 1, part 9, pp. 460—567.

Ye, S., Li, Z., Feng, G., and Chao, W., Length-weight rela-
tionships for thirty fish species in Lake Niushan, a shallow
macrophytic Yangtze Lake in China, Asian Fish. Sci., 2007,
vol. 20, pp. 217—226.

Zar, J.H., Biostatistical Analysis, New York: Prentice Hall,
1999, 4th ed.

Zuur, A.F., Ieno, E.N., and Smith, G.M., Analyzing Eco-
logical Data Statistics for Biology and Health, New York:
Springer-Verlag, 2007.

No. 3 2018



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES

