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Abstract

Morphology and morphometry of the sagittae otolith were studied in fish associated with different substrates. The shape,
margins and rostrum of three groups of otoliths from several species were analyzed: group 1 (fish associated with soft
substratesN = 10 species), group 2 (fish associated with hard substrates,10 species) and group 3 (pelagic fish, not
associated with the bottomV, = 6 species)E andR indexes were calculated for each species. The valug efmaximum
width of the sagitta (WO)/maximum length of the sagitta (LO)%, expresses the relative tendency in the shape otolith (from
circular to elongate). The value & = length of the rostrum (LR)/LO%, expresses the percentage in the total length of the
otolith that corresponds to the rostrum. The sagittae of group 1 were circular or polygonal with rounded borders. The rostrum
can be absent or poorly developed. The sagittae shape of group 2 was elongated, with ornamented borders and a rostrum
The sagittae of group 3 possessed a prominent rostrum, a deep V-shaped cisure and ornamented borders. Statistical analysi
showed no significant differences in tReindex of groups 1 and 2, whilR values of the three groups were significantly
different. These results were compared with 80 other species, belonging to 12 families, from the publisher liEeatdre.

R values could be used to characterize the sagittae of the marine fish and could be considered a useful tool for fish ecology
studies.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction Fish inhabit different depths of the water column,
according to the environmental factohdgnni, 1983.
Several authors recognized different ecomorpho- Fish that live associated with soft (sand and mud) or
logic types of fishes from the Argentine shelf hard (rocks and rock shells) substrates have different
(Ringuelet and Aramburu, 1960; Loépez, 1963; morphology and physiological specializations of the
Cervigbén, 1972; Menni, 1993 These authors as- internal and external structurego(dd, 1973. Species
signed each species to a certain ecomorphologic of soft substrates are the most dependent of the sub-
category, based on its external morphology, diet and strate Menni, 1983; Cousseau and Perrota, 2000
distribution area. while those of the hard substrates are more indepen-
dent of the substrate and are usually active swim-
mers (indsey, 1978. Pelagic fish usually have a high

* Corresponding author. Fax:54-1148676066. growth and may have a high swimming spekt(ni,
E-mail addressvolpedo@bg.fcen.uba.ar (A. Volpedo). 1983; Lindsey, 1978 Sagittae permit the analysis of
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different aspects of fish biology and their environ- Table 1
ment (Morales-Nin, 1987; Radtke and Shafer, 18§92  List of taxa studied and marphometrics proportions taken on the
They are composed of calcium carbonate and grow by sagittaé

continuous appositiorQarlstrom, 1963; Morales-Nin,  Taxon N E R
1987). Group 1 (rangeE: 21-96; rangeR: 0-25)

Environmental factors Lombarte and Lleonart, Ariidae
1993; Arellano et al., 1995; Ralston, 1996ntogeny N. barbus(Lacspede, 1803) 21 740
(Nolf, 1985; Lombarte and Castellén, 1991; Volpedo  Sciaenidae
and Echeveia, 1999 and the phylogenyNolf, 1985, M. furnieri (Demarest, 1823) 804 91 0O

1995, could affect the morphology, the morphome- U. canosai(Berg, 1895) 80 66 0

try (Burke et al., 199Band the microstructure of the ~ Percophidae _
sagitta Campana et al., 1995; Severin et al., 1995 P. brasiliensis(Quoy and Gaimard, 1824) 10 21 25
Paxton (2000)considered the relationship between  Paralichthyidae

re_:lative siz:_a of_sagittae and ha_bitat, and observed E.' Eggg}gggi’:g:‘miggﬁ ) 1% 672 11%
bigger relative size related to luminescence and other P. patagonicugJordan, 1889) 98 66 O
ecological factors. Paralichthys orbinyanugJenyns, 1842) 48 58 19

The aim of the present paper is to analyze whether ~ X. rasile (Jenyns, 1842) 52 69 0
the morphological features showed by the sagitta Achiropssettidae
could be associated with the fish ecomorphologic A. tricholepis(Norman, 1830) 14 96 0
type. Group 2 (rangeE: 41-67; rangeR: 6-28)

Zoarcidae
A. laticinctus(Berg, 1895) 10 41 19
2. Mateials and methods o iy P
. . Scorpaenidae

Altogether 2592 sagittae were sampled from 26 fish H. lahillei (Gmelin, 1788) 204 60 22
species Table J) collected from nine areas of the Ar- S. capensigSteindachner, 1891) 244 50 21
gentine shelfffig. 1). The total length (TL) of the fish Triglidae
was measured in mm. The fish were assigned to two P. nudigula(Ginsburg, 1950) 554 66 10
groups: group 1, those associated with soft substrates, serranidae
and group 2 those associated with hard substrates. A brasilianus(Valenciennes, 1828) 90 67 18
The criteria used to separate the fish into these groups Notothenidae
were taken from literature: trophic habits, repro- P. magellanica(Foster, 1801) 6 50 26
duction, swimming style and habita€érvigon and P. ramsayi(Regan, 1913) 16 42 26

Fisher, 1979; Menezes and Figueiredo, 1980; Menni, - tessellataRichardson, 1844) 1242 28

1983; Menni and Lopez, 1984; Szpilman, 1991; Group 3 (range: 35-50; rangeR 30-52)

oz . Carangidae

Nelson, 1994; Lopez et al., 1996; Cousseau and P. signata(Jenyns, 1842) 34 30 5
Perrota, 200 _ _ N S. lalandei(Valenciennes, 1833) 10 40 50

Group 1 includes fish from the following families: Bramidae
Ariidae, Sciaenidae, Percophididae, Paralichthyidae, g, prama(Bonaterra, 1788) 10 48 51
and Achiropsettidae. Group 2 includes fish from the Clupeidae
Zoarcidae, Scorpaenidae, Triglidae, Serranidae and B, aurea(Agassiz, 1829) 41 48 50
Nototh(_enudae families. _ _ Scombridae

A third group, not associated with the bottom, S. japonicugLépez, 1955) 72 50 33
pelagic fish, was considered in order to compare mor- Centrolophidae
phological and morphometric sagittae features with S. porosa(Guicheneto, 1848) 9 45 30

groups _1 and 2. Th!S third group I_nCIUded Clupeidae, aGroup 1: soft substrate; group 2: hard substrate; group 3:
Carangidae, Bramidae, Scombridae and Centrolo- pelagic fish:c = WO/LO%, N = total number of sagittae sample;
phidae. R = LR/LO%.
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Fig. 1. Map of the area of the research on the Argentine shelf. Gray: soft substrate, black: hard substrate. 1: Partido de La Costa, 2: Mar
del Plata, 3: Claromés 4: Bahia Anegada (San Blas), 5: Puerto Madryn, 6: Rawson, 7: Puerto Deseado,i8:3ahSebastn, 9: Canal
de Beagle.
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The sagittae were measured according to the 3. Results
methodology described byolpedo and Echeveia
(2000) The following measurements were recorded  Sagittae of group 1 showed a circular or polygonal
from the sagittae: WO (maximum width of the sagitta), shape and rounded borders. The rostrum and the cisure
LO (maximum length of the sagitta), LR (length of were absent in the sagittae bdfetuma barbusMi-
the rostrum) in millimeters, with an error less than cropogonias furniefiUmbrina canosaiParalichthys
0.01 mm. Two indexes were calculatétlandR. The orbignyanus Xystreuris rasileand Achiropsetta tri-
E value (E = AO/LO%) expresses the tendency in cholepis (Fig. 2A-C, and H-)1 The rostrum was
the shape of the sagittae (circular or elongate). The present but less evident in the sagittaePefcophis
Rvalue (R = LR/LO%) expresses the percentage in brasiliensis Etropus longimanudParalichthys isosce-
the TL of the sagittae that corresponds to the rostrum. les and Paralichthys patagonicugFig. 2D-G. The
The R andE indexes were calculated from the sagit- mean values of thE index for group 1 was 6%+0.20
tae of 26 species of the present study and 80 speciesand theR index was & =+ 0.09.
from the literature, in order to compare results. The  The sagittae of group 2 showed an elongated shape
statistical analyses were based on the mean valuesand ornamented margin&if. 3). In all the sagittae
of E and R calculated for each specieSaple J. of this group, the rostrum was present with differ-
The mean value oE and R for each group was ent degrees of development. The most developed
compared using analysis of the variance (ANOVA) rostrum was found inAustrolycus laticinctusHeli-
(Sokal and Rohlf, 1995and multiple comparisons colenus lahillej Sebastes capensi®aranotothenia
between groupsZar, 1999. The software used in  magellanica Patagonotothen ramsagind Patagono-
the statistical analysis was Statistica 5.1 (Stafoft tothen tessellata(Fig. 3A, D, E, and H-)] The
1999). mean values of theE index (Table 1 for group

Fig. 2. Morphology of sagittae group 1. Al. barbus B: M. furnieri, C: U. canosaj D: P. brasiliensis E: E. longimanus F: P. isosceles
G: P. patagonicusH: P. orbignyanusl: X. rasile J: A. tricholepis.Scale: 3 mm.
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Fig. 3. Morphology of sagittae group 2. A. laticinctus B: lluocoetes fimbriatusC: lluocoetes elongatyD: H. lahillei, E: S. capensis
F: Prionotus nudigula G: Acanthistius brasilianuysH: P. magellanica: P. ramsayi J: P. tessellataScale: 3 mm.

2 was 536 + 0.10 and theR index was 18 +
0.07.

The sagittae of group 3 showed the smallest di-
mensions in relation to the TL of the fish. They had
a prominentrostrum and a deep V-shaped cisure
(Fig. 4). The sagittae ofBrevoortia aurea Parona

Table 2
Results of the multiple comparisons on tBéndex of each group
Group 1 2
1 — —
2 0.0928 ns -
3 0.0075 0.0385
* P < 0.05.

21 soft substrate; 2: hard substrate; 3: pelagic fdhtotal
number of sagittae sample.

signatg Seriola lalandeiandBrama bramahad orna-
mented borders and a long sharp rostréig (4A-D.).
The mean value of th& index was 44 + 0.05 and
of theRindex was 43t 0.11.

The statistical analysis (ANOVA) showed signifi-
cant differences between tlievalues of the different

Table 3
Results of the multiple comparisons on fRéndex of each group
Group 1 2
1
2 0.0464
3 0.000F** 0.001**
* P < 0.05.
P < 0.001.

21: soft substrate; 2: hard substrate; 3: pelagic fdhtotal
number of sagittae sample.
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Table 4
Values of E and R derived from literature data

Taxon E R Group Author Source date
Clupeidae
Alosa alosa(Berg, 1948) 48 44 3 Q Im
Clupea harengugLinnaeus, 1758) 44 44 3 N \%
Clupea harengugLinnaeus, 1758) 47 44 3 H Im
Clupea pilchardugWalbaum, 1792) 49 34 3 Q Im
Ethmidium maculatungValenciennes, 1847) 50 43 3 L \%
Ramnogaster arcuat@lenyns, 1842) 50 42 3 R Im
Sardinops sagaxJenyns, 1842) 38 44 3 L \%
Sprattus fuegensi€lenyns, 1842) 46 27 3 R Im
Strangomera benticki=Clupea bentickiNorman, 1936) 50 33 3 L Im
Engraulidae
Anchoa marinii(Hildebrand, 1943) 48 31 3 R Im
Engraulis anchoita(Hubbs and Marini, 1935) 50 25 3 R Im
Engraulis encrasicholugLinnaeus, 1758) 45 30 3 Q Im
Engraulis ringens(Jenyns, 1842) 40 28 3 L \%
Scorpaenidae
Scorpaena papillosué=Helicolenus papillosusRichardson, 1845) 51 26 2 J Im
Sebastichthys capendi&melin, 1789) 47 22 2 J Im
Serranidae
Epinephelus aeneu$eoffroy and Saint Hilaire, 1817) 46 20 2 P \%
Epinephelus giga¢Brinnich, 1768) 44 28 2 P \%
Carangidae
Caranx crysogMitchill, 1815) 33 34 3 A Im
Caranx hippos(Linnaeus, 1766) 45 36 3 A Im
Caranx latus(Agassiz, 1831) 33 30 3 A Im
Chloroscombrus chrysuru@.innaeus, 1766) 49 31 3 A Im
Hemicaranx amblyrhynchu&Cuvier, 1833) 41 38 3 A Im
Oligoplites palometgCuvier, 1833) 50 36 3 A Im
Oligoplites saliengBloch, 1793) 54 45 3 A Im
Oligoplites saurugBloch and Schneider, 1801) 56 32 3 A Im
Parona signata(Jenyns, 1841) 40 52 3 R Im
Selene setapinni@Mitchill, 1815) 68 31 3 A Im
Selene vome(Linnaeus, 1758) 61 35 3 A Im
Trachinotus coralinugLinnaeus, 1766) 41 36 3 A Im
Trachinotus falcatugLinnaeus, 1758) 40 50 3 A Im
Trachinotus goodei{Jordan and Evermann, 1896) 40 35 3 A Im
Trachurus lathami(Nichols, 1920) 50 28 3 R Im
Trachurus murphyiNichols, 1920) 37 37 3 L Im
Trachurus trachurugLinnaeus, 1758) 41 36 3 H Im
Sciaenidae
Cynoscion acoupdlacepede, 1802) 46 0 1 F Im
Cynoscion analigJenyns, 1842) 43 0 1 S Im
Cynoscion jamaicensi@/aillant and Boucort, 1883) 56 0 1 | Im
Cynoscion leiarchugCuvier, 1830) 50 0 1 F Im
Cynoscion microlepidotugCuvier, 1830) 52 0 1 F Im
Cynoscion nebulosu&Cuvier, 1830) 38 0 1 D Im
Cynoscion regaligBloch and Schneider, 1801) 55 0 1 D Im
Cynoscion similigRabdall and Cervign, 1968) 44 0 1 | Im
Cynoscion virescengCuvier, 1830) 31 0 1 | Im
Menticirrhus americanugLinnaeus, 1758) 35 0 1 B Im
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Table 4 Continued

Taxon E R Group Author Source date
Sciaenidae
Menticirrhus littoralis (Holbrook, 1855) 34 0 1 F Im
Menticirrhus ophicephalugJenyns, 1842) 38 0 1 K Im
Menticirrhus saxantilis(Bloch and Schneider, 1801) 40 0 1 E Im
Micropogonias altipinnis(Guinther, 1864) 77 0 1 S Im
Micropogonias furnieri(Demarest, 1823) 82 0 1 K Im
Micropogonias undulategLinnaeus, 1766) 83 0 1 D Im
Paralonchurus brasiliensigSteindachner, 1875) 34 0 1 F Im
Paralonchurus peruanuéSteindachner, 1875) 47 0 1 S Im
Sciaena aquilgCuvier, 1817) 48 0 1 P \%
Sciaena bathytato@Chao and Miller, 1975) 63 0 1 D Im
Sciaena deliciosgTschudi, 1845) 64 0 K Im
Umbrina ronchus(Valenciennes, 1843) 63 0 1 P \%
Notothenidae
Notothenia acutgGunther, 1880) a7 20 2 J Im
Notothenia angustifrongFisher, 1885) 46 26 2 J Im
Notothenia coriicepgRichardson, 1884) 51 23 2 J Im
Notothenia cyanobranchéRichardson, 1844) a7 16 2 J Im
Notothenia neglectgNybelin, 1951) 54 19 2 J Im
Notothenia rossii(Richardson, 1844) 53 24 2 J Im
Harpegiperidae
Artedidraco loennberg{Roule, 1913) 59 16 2 J Im
Artedidraco orianag(Regan, 1914) 55 24 2 J Im
Dolloidraco longedorsaligRoule, 1913) 57 19 2 J Im
Harpagifer antarticus(Nybelin, 1947) 55 20 2 J Im
Harpagifer bispinis(Forster, 1801) 56 18 2 J Im
Harpagifer veliger(Regan, 1914) 55 22 2 J Im
Harpagifer georgianugNybelin, 1947) 52 19 2 T Im
Pogonophryme barsukoyAndriashev, 1967) 64 20 2 J Im
Pogonophryme phyllopogoffAndriashev, 1967) 66 26 2 J Im
Pogonophryme scotfRegan, 1914) 64 17 2 J Im
Channichthyidae
Chaenichthys aceratud.onnberg, 1906) 63 25 2 J Im
Scombridae
Sarda chiliensis chiliensi§Cuvier, 1832) 41 51 3 O Im
Sarda Chiliensis chiliensigCuvier, 1832) 46 52 3 P Im
Scomberomorus maculatstitchill, 1815) 36 46 3 Q Im
Thunnus albacaregBonnaterre, 1788) 30 46 3 Q Im
Thunnus thynnug¢Linnaeus, 1758) 31 46 3 G Im
Ariidae
Arius guatemalensi§Gunther, 1864)«£Galeichthys caerulencgs 66 0 1 U Im
Soleidae
Solea theophilugRisso, 1810) 72 0 1 M Im
Solea senegalens{&aup, 1858) 83 0 1 C Im
Solea vulgaris(Quensel, 1806) 88 0 1 C Im

a1: soft substrate; 2: hard substrate; 3: pelagic fighi total number of sagittae sample). Albihda and Correa (1993B: Baldas
et al. (1997) C: Bori (1986) D: Chao (1978)E: Chao (1986)F: Correa and Vianna (1993%: Dennis and Prince (1995H: Geldenhyns
(1973) I: Gonzlez Cabello (1977)J: Hecht (1987) K: Kong and Valés (1990) L: Leible and Miranda (1989)M: Marinaro (1991)
N: Messieh (1972)0: Sama (1997)P: Sanz Echevera (1950) Q: Sterquert et al. (1995)R: Torno (1976) S: Volpedo and Echeveia
(2001) T: Williams and Mc Eldowney (1990Q)U: Yafiez-Arancibia and Leyton de Yafiez (197W: value measured on an illustration
edited by other authors; V: value registered by other authors.
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Fig. 4. Morphology of sagittae group 3. B. aurea B: P. signata
C: S. lalandej D: B. bramg E: Scomber japonicysF: Seriolella
porosa Scale: 3mm.

environments £,249 = 5.85, P < 0.05). Group 3
showed the smallest value of tRéndex. The multiple
comparisons between groups showed thatEhel-

ues between groups 1 and 2 did not show significant
differences Table 2. In the three groups, thR val-

ues were significantly differenf{,.24 = 28.35, P <
0.05) (Table 3. TheE andR values obtained from the
literature Table 4 were included in the ranges &
andR found for each groupTable 1.

4, Discussion

The sagittae showed different morphologic patterns
in the ecological groups studied. The sagittae of fish

A. Volpedo, D.D. Echeveia/ Fisheries Research 60 (2003) 551-560

to discriminate between the sagittae of the different
ecotypes: indexes over 30 were found in pelagic fish
and indexes lower than 30 were found in all the fishes
related to the substrate (26 species of the present
study and 80 species reported by other authors). High
R values to pelagic habitat loR values were related

to soft substrate. This was corroborated in the 106
species analyzed. We found the smallest sagittae in all
the pelagic species measured. This conclusion is sim-
ilar to that from previous studies performed Bgnz
Echeverra (1950)on the sagittae of the Scombridae
and Clupeidae.

Gauldie (1988postulated that the ratio of the mac-
ula area/the otolith area and subsequently the ratio of
sulcus area/the otolith area of pelagic fishes is higher
than for demersal fishes. We found this in the pelagic
sample. Of the ecological information availabfe
porosa it appears that pelagic habits are predominant
(Cervigon and Fisher, 19F79This would not be re-
flected clearly in the R index value because this value
is at the limit between the pelagit minimum and
the R maximum of the fish associated to the substrate.
Therefore, the strict assignation 8f porosato the
pelagic ecotype should be revised.

The three groups of fish analyzed in this study in-
cluded species from several families that have no close
phylogenetic relationships. In this sense, we suggest
that the differences found in tHevalues of the sagit-
tae between the three groups may be better explained
at least by environmental and physiological factors
(Popper and Fay, 1993; Paxton, 2Dé#ther than phy-
logenetic aspectE and R values could be used to
characterize the sagittae of marine fish and may be
used as other another indices in fish ecology studies.
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