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Morphological development of Anchoviella vaillanti (Steindachner, 1908)

(Clupeiformes: Engraulidae) larvae and early juveniles

Anailza Cristina G. da Silva', William Severi! and Maviael F. de Castro?

The considerable similarity in the early life stages of different fish species makes egg and larvae identification in fishery
biology and ichthyoplankton surveys a difficult task. Knowledge on early larval development of morphologically similar taxa
and species-rich orders, such as Clupeiformes, mainly in the Neotropical fresh waters is rather limited. The aim of the present
study was to describe morphological and meristic aspects of the larvae and early juveniles of Anchoviella vaillanti, an
endemic species of the Sao Francisco River basin in Brazil. The characterization was based on an ontogenetic series of 132
individuals (1.3-51.0 mm SL). In the larval period, body varies from elongated to very elongated and the head is small, which is
typical of Clupeiformes. The finfold is present beginning in the yolk-sac stage, when larvae have a large yolk sac, until the
flexion stage. Pectoral fin buds are the first to form during the preflexion stage, when dorsal- and anal-fin pterygiophores and
hypural bones are first visible. The total vertebra count ranges from 36 to 39 and the myomere number ranges from 31 to 45.
Complete fin formation obeys the following sequence: anal and dorsal fins during flexion stage; and pectoral, pelvic and caudal
fins during postflexion stage. Despite being the only freshwater clupeiform representative in the Sdo Francisco River,
A. vaillanti may occur sympatrically with 4. lepidentostole in the lower stretches of the river basin. Although early larvae
characteristics of 4. lepidentostole are not known, its late larvae and early juveniles may be distinguished from those of
A. vaillanti, by the higher number of dorsal-fin rays (15 or 16 vs. 12 or 13 in A. vaillanti), higher total vertebra count (40 vs. 37 to 40)
and shorter pre-pectoral length (14 to 16 vs. 22.8 to 28.9% SL).

A grande semelhanca entre larvas de diferentes espécies de peixes torna a identificagdo de ovos e larvas em estudos de
biologia pesqueira e ecologia do ictioplancton uma tarefa dificil. O conhecimento sobre o desenvolvimento inicial de taxons
com grande similaridade morfoldgica no periodo larval e riqueza taxondmica, como Clupeiformes, em particular daqueles de
agua doce na regido neotropical, ¢ bastante limitado. Neste sentido, o presente trabalho contribui para a redugao desta lacuna,
rio Sdo Francisco. A caracterizagio foi realizada a partir de uma série ontogénica de 132 individuos (1,3-51,0 mm CP). No periodo
larval, o corpo varia de muito alongado a alongado ¢ a cabega é pequena, caracteristicas de Clupeiformes. A nadadeira
embrionaria esta presente desde o estagio larval vitelino, no qual as larvas apresentam um saco vitelino grande, até o estagio
de flexd@o. Os botdes das nadadeiras peitorais sdo os primeiros a surgir, no estagio de pré-flexao, quando surgem também os
pterigioforos das nadadeiras dorsal, anal e os 0ssos hipurais. O niimero total de vértebras varia de 36 a 39 e de midmeros de 31
a 45; a completa formacdo das nadadeiras obedece a seguinte ordem: anal e dorsal no estagio de flexdo; e peitoral, pélvica e
caudal no estagio de pds-flexdo. Embora seja o unico engraulideo de agua doce da bacia do rio Sdo Francisco, A. vaillanti pode
ocorrer simpatricamente com 4. lepidentostole no trecho inferior da bacia. Embora as caracteristicas de larvas iniciais de 4.
lepidentostole nao sejam conhecidas, seus estagios larvais finais e juvenis podem ser distinguidos daqueles de A. vaillanti
pelo maior numero de raios da nadadeira dorsal (15 ou 16 vs. 12 ou 13 em 4. vaillanti), maior nimero total de vértebras (40 vs.
37 a40) e menor comprimento pré-peitoral (14a 16 vs. 22,8 a 28,9% CP).
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Introduction

Studies on the ontogeny of fish in the Neotropical
freshwater environments are geographically dispersed in
the region (Nakatani et al., 2001). In Brazil, important
contributions have been made by Aratijo-Lima (1985, 1991),
Aratijo-Lima et al. (1993) and Oliveira et al. (2008) for the
Amazon region; Cavicchioli et al. (1997), Nakatani et al.
(1997), Bialetzki et al. (1998, 2001, 2008) and Sanches et al.
(1999, 2001) for the upper Parana River; Sousa & Severi
(2002) and Severi & Verani (2006) for the Paraguay River;
and Godinho et al. (2003) and Sampaio (2006) for the Sdo
Francisco River. These studies are mostly on Characiformes
and Siluriformes and there is limited knowledge on the
remaining 23 orders occurring in the Neotropics (Reis et
al., 2003), including the 35 known clupeiform species
distributed among Clupeidae, Engraulidae and
Pristigasteridae.

There are six genera of Engraulidae in the Neotropical
region. Anchoviella has eleven species (Kullander &
Ferraris, 2003), five of which are freshwater species.
Anchoviella vaillanti (Steindachner, 1908) is the only
clupeiform representative in the Sdo Francisco basin, where
it is endemic. The species plays an important role in the
food chain of aquatic environments in the basin as a key
species in energy transfer from zooplankton to fish (Pompeu
& Godinho, 2003) and as a foraging species for piscivores
(Peret, 2004; Rocha, 2009).

The greatest difficulty in the identification of the early
developmental stages of Clupeiformes is the similarity in
the external morphology of the larvae. Moreover, there is a
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lack of studies in the literature and species identification
keys. Available descriptions are very incomplete (McGowan
& Berry, 1984) and mostly for marine species (e.g., Richards,
2006). Meristic characters overlap among species, as
shown for Neotropical freshwater clupeiforms (Table 1).
Despite the ecological (as foraging species for a number
of carnivores) and economic importance of exclusively
freshwater Neotropical clupeiforms (Whitehead, 1985, 1988;
Leis & Trnski, 1989; Kullander & Ferraris, 2003), larval
development has only been described for Pellona
flavipinnis (Valenciennes) (Severi & Verani, 2006).

The ontogeny of sardines and anchovies is better
known for commercially important species in regions with
low species richness (McGowan & Berry, 1984), such as
the Northeast Atlantic (e.g., Engraulis, Clupea, Sardina,
Sparattus), and there is little detailed information on more
species-rich areas, such as the Central Western Atlantic
(Farooqi et al., 2006). Among the 28 engraulid species
recorded for this area, only two have their larval
development properly characterized.

As knowledge on Neotropical freshwater clupeiform
larval development is limited (Severi & Verani, 2006), the
aim of the present paper is to describe morphological
aspects of the larvae and early juveniles of the engraulid
A. vaillanti and help in species identification in
ichthyoplankton surveys in the Sdo Francisco basin.

Material and Methods

The material used in this study was obtained from
surface tows with a 0.5 mm mesh conical-cylindrical

Table 1. Meristic data of exclusively freshwater neotropical clupeiform species (#euryhaline marine species).

Species Fin rays - Vertebrae Scutes References
dorsal pectoral pelvic anal
PRISTIGASTERIDAE
Ilisha amazonica 20% 6* 47-52 50-52%  25-26 Whitehead (1985); *McGowan & Berry (1984)
Pellona castelnaeana iii 15 il5 i6 iii 31-35 45-46  33-34 Whitehead (1973, 1985)
Pellona flavipinnis iii-iv 14-17 i 14-15 i6 iii-iv 35-41 42 (40-45) 32-38 Whitehead (1973, 1985)
Pristigaster cayana iii 12-13 i10-12 ii-iii 44-53 43 (42-44) 30-35 Menezes & de Pinna (2000)
Pristigaster whiteheadi iii 11-13 i10-11 131 ii-iii 41-47 43-44  29-34 Menezes & de Pinna (2000)
ENGRAULIDAE
Amazonsprattus scintilla iii 26-30 Whitehead ez al. (1988)
Anchovia surinamensis 13-15 13 (12-14) 26-27 (23-28)  38-39 Richards (2006)
Anchoviella alleni iii 15-18 Whitehead ez al. (1988)
Anchoviella carrikeri iii 15-18 Whitehead ez al. (1988)
Anchoviella guianensis 14-15 (16) 12-14 18-19 (17-21)  39-40 Richards (2006)
Anchoviella jamesi 12-13* iii 16-21 40* Whitehead ez al. (1988); *McGowan & Berry (1984)
Anchoviella lepidentostole#t  iii 12-13 i12-13 i6 iii 19-22 40* Whitehead (1973); *Richards (2006)
Anchoviella vaillanti 1i-iii 10 il12%* i6* iii 19-22 37-40 Steindachner, 1908; *Whitehead (1970)
Jurengraulis juruensis iii 20-22 20+20%* Whitehead et al. (1988); *McGowan & Berry (1984)
Lycengraulis batesii iii 12-13 il4-15 i6 iii 24-27 47* Whitehead (1973); *McGowan & Berry (1984)
Pterengraulis atherinoides 13-14 13-15 7 33(31-34) (42) 43-45 Richards (2006)
CLUPEIDAE
Dorosoma anale 29-38 Whitehead (1985)
Dorosoma cepedianum 25-36 Whitehead (1985)
Dorosoma petenense 17-27 Whitehead (1985)
Dorosoma chavesi 24-30 Whitehead (1985)
Dorosoma smithi 22-29 Whitehead (1985)
Ramnogaster melanostoma 15-16 13-14 Whitehead (1985)
Rhinosardinia amazonica iii-iv 10-12 i-ii 10-12 17 iii-iv 34-38 38-39 Whitehead (1973)
Rhinosardinia bahiensis 43 Whitehead (1985)
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plankton net in quarterly samplings in different stretches
of the Sobradinho reservoir from January 2002 to January
2004. The Sobradinho reservoir is located in the middle
portion of the Sdo Francisco River between the cities of
Xique-Xique (10°46°26.5”S 42°44°08.4”W) and Sobradinho
(09°25°49.7S 40°49°37.4”W), both located in the State of
Bahia, northeastern Brazil.

Larvae and juveniles of Anchoviella vaillanti were
separated from other taxa collected based on common
characteristics of Clupeiformes, such as long and slender
body with numerous myomeres; a long, straight and
partially striated gut; posterior anus, anal fin insertion just
behind dorsal fin, preanal length corresponding to more
than 2/3 of total length and posteroanterior development
of dorsal fin rays (McGowan & Berry, 1984; Nakatani et
al., 2001). Individuals were classified based on the
developmental degree of the caudal fin and its support
elements into larval [yolk-sac (YS), preflexion (PF), flexion
(FL) and postflexion (PO) stages] and juvenile (JV) periods
(Nakatani et al., 2001).

The following morphometrical characteristics were
measured (Nakatani et al., 2001): standard length (SL),
preanal length (PAL), prepelvic length (PPVL), prepectoral
length (PPL), predorsal length (PDL), head length (HL),
head depth (HD), eye diameter (ED) and body depth (BD).
Body proportions for ED, HL and BD were classified based
on the categories proposed by Leis & Trnski (1989).

Based on the assumption of dorsal fin anteriad
migration during larval metamorphosis recorded for several
clupeiform species (McGowan & Berry, 1984), the
variations of PDL and PAL in relation to SL were analyzed,
based on comparison of mean values of such relations for
larval stages and juveniles, using one-way ANOVA followed
by a posteriori Tukey test, with the program Statistica 8.0
(Statsoft, 2008).

Some specimens were cleaned and stained (Dingerkus
& Uhler, 1977) for evidence of internal structures, preanal,
postanal and total vertebra count, pectoral (P), dorsal (D),
pelvic (V), anal (A) and caudal (C) fin ray count, as well as
the position of dorsal- and anal-fin insertions relative to
the vertebra number. All material used is deposited at the
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Results

A total of 132 individuals in the yolk-sac, preflexion,
flexion and postflexion larval stages and early juvenile
period were analyzed (Table 2). Yolk-sac larvae (n = 12)
have standard lengths between 1.3 and 2.2 mm (Fig. la).
Body ranges from very elongate to elongate (9.1-14.3%
SL), with a small head (10.0-14.3% SL) and large eyes (33.3%
HL; Table 2).

Larva mouth is not yet open (functional), with no visible
exogenous feeding and a large, conspicuous yolk sac. Eyes
are only visible based on tissue morphology and position,
with no evidence of pigmentation. A single finfold extends
from dorsal region behind the head and envelops the body
down to the end portion of the yolk sac in the ventral
region.

In the preflexion stage (Fig. 1b-c), standard length
ranges from 2.7 to 6.9 mm (n = 30). Body ranges from very
elongate to elongate (6.3-10.0% SL), head is small (7.9-
14.8% SL) with a completely pigmented eye, ranging from
small to large (16.7-40.0% HL). Total myomere count
ranges from 31 to 45 (20-24 preanal and 7-25 postanal;
Table 3). The notochord is not flexed yet. The mouth is
open and functional, with presence of exogenous food in
the gut. The finfold has undergone no significant
difference. Pectoral fin buds begin to form and are visible
as delicate finfolds without rays. The swimbladder is
clearly visible above the gut, located in the mid-portion
of the preanal length and initial formation of the opercle
is evident. Larvae with SL between 3.3 and 4.0 mm exhibit
punctiform chromatophores sparsely distributed above
the gut and on the isthmus. Cleared and stained
individuals with SL >5 mm had clearly evident dorsal (4-
9) and anal (4-15) fin pterygiophores and hypural bones
(2-3) in early formation in the caudal fin anlage. Between
5.0 and 6.0 mm SL, some rays are visibly forming in the
dorsal fin (Table 3).

Table 2. Morphological data for Anchoviella vaillanti larvae in the yolk-sac (YS), preflexion (PF), flexion (FL), postflexion
(PO) stages and juvenile period (JV). All proportions are related to standard length, except for eye diameter, in relation to head
length. Amplitude expressed in mm, as minimum-maximum values+sd (Standard deviation).

Larval stage

Measurements YS(n=12) PF (n=30) FL (n=30) PO (n=30) V=39
Amplitude Proportions Amplitude Proportions Amplitude Proportions Amplitude Proportions Amplitude  Proportions
(min-max+sd) (%) (min-max+sd) (%) (min-max-+sd) (%) (min-max+sd) (%) (min-max+sd) (%)

Standard length ~ 1.3-2.2+0.24 2.7-6.9+1.09 - 5.2-12.0£2.02 - 9.5-19.3+2.17 - 21.0-51.0+8.37 -
Head length 0.15-0.3+0.05 10.0-14.3 0.37-0.9+0.12 7.9-14.8 0.8-2.2+0.47 10.4-19.1 1.5-4.7+0.73 15.4-26.1 5.0-11.5+1.84 20.6-26.6
Body depth - - 0.25-0.6+0.10 6.3-10.0  0.5-1.3+0.30  7.8-12.0  0.8-2.6+0.42 8.4-15.8 3.0-13.8+2.63 14.0-27.1
Head depth 0.2-0.3+0.03  9.1-14.3 0.25-0.6+0.09 5.7-10.0 0.4-1.0+0.20  6.5-9.5  0.8-2.5+0.45 6.7-15.2  3.0-9.8+1.70 13.3-19.2
Eye diameter 0.1 333 0.1-0.3+0.05 16.7-40.0 0.2-0.6+0.11 17.6-40.0 0.4-1.2+0.20 18.8-30.0 1.6-3.5+0.55 25.4-40.0
Preanal length 1.3-1.5£0.09  65.0-73.5 2.2-52+0.79 68.6-83.3 4.0-8.7£1.50 64.2-79.2 6.8-12.7+0.93 63.4-79.6 14.0-32.0+5.29 61.5-67.4
Predorsal length - - 3.0-4.5+0.48 55.6-72.9 3.6-7.2£1.13 53.9-70.0 5.6-10.6+0.93 52.9-64.4 11.5-28.0+4.46 51.8-57.2
Prepelvic length - - - - 4.5-84+0.90 37.8-46.9 9.6-21.0£3.32 40.7-47.2
Prepectoral length 0.3 13.6 0.4-1.1+0.18 10.7-18.6  0.9-2.5+0.50 13.2-22.7 1.6-5.3+0.77 16.8-29.2 5.6-12.4+1.99 22.8-28.9
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Table 3. Meristic data for preflexion (PF), flexion (FL), postflexion (PO) larvae and juveniles of Anchoviella vaillanti. Fins:
pectoral (P), pelvic (PV), dorsal (D), anal (A) and caudal (C). nv - not visible. *in relation to precaudal vertebrae.

3 Fin rays Myomeres Vertebrae Fin insertion*
A Stage SL(mm) P PV D A C preanal  postanal total  precaudal  caudal preural + urostyle Dorsal  Anal
3.7 nv nv nv nv nv nv 25 nv nv nv - -

PF 5.5 nv nv 2 nv nv 21 18 39 nv nv nv -

6.0 nv. nv 5 nv nv 20 17 37 nv nv nv -

7.0 nv nv 8§ nv nv 20 16 36 nv nv nv -

8.0 nv nv. 9 nv 949 21 15 36 nv nv nv -
ER— 85 v nv 11 nv 1049 21 14 35 nv nv nv - -
5 10.8 nv nv 11 21 10+10 21 13 34 23 12 2+1 18 24
11.2 nv nv 11 22 10+10 21 13 34 23 12 2+1 18 24
12.0 nv_nv 12 21 10+10 22 15 37 22 13 2+1 17 23
13.4 nv 6 12 21 10+10 21 13 34 21 14 2+1 16 22
PO 144 nv 6 12 23 10+10 22 15 37 21 14 2+1 16 21
18.8 12 7 12 24 11+11 18 nv nv 21 15 2+1 15 22
° 20.7 12 7 14 24 11+11 20 13 33 20 15 2+1 14 21
E v 22.0 13 7 14 24 11+11 21 15 36 21 15 2+1 14 21
= 27.0 12 7 14 23 11+11 19 14 33 21 15 2+1 14 22
- 31.7 12 7 13 23 11+11 nv nv nv 21 14 2+1 14 22

Flexion stage larvae (Fig. 1d-e) range from 5.2 to 12.0
mm SL (n=30). Body ranges from very elongate to elongate
(7.8-12.0% SL), head is small (10.4-19.1% SL) and eye is
small to large (17.6-40.0% HL). Total myomeres range
between 33 and 41 (18-25 preanal and 9-20 postanal; Table
3). This stage is characterized by notochord flexion and
formation of hypurals and parhypural, which will support
caudal fin rays. The finfold remnant in the gut region and
isthmus pigmentation are still visible. Dorsal, anal and
pectoral fin formation is evident as well as significant
development of the head, with formation of gill arches,
filaments and rays; opercle and preopercle, and mouth
bones and nasal pores. In 7.5 mm SL larvae, the caudal fin
has visible hypural, parhypural and epural bones, and
dorsal, anal and caudal rays begin to form (Table 3, Fig. 1).
Pterygiophore number in dorsal fin ranged from 9 to 10 in
larvae with SL between 7.5 and 8.5 mm and those with SL
>8.0 mm have more than 20 pterygiophores in the anal fin,
with visible rays, while the pectoral fins have no rays yet.
From 10.3 mm SL onwards, pigments begin to appear in the
caudal fin extremities and two pigments posterior to anal
fin. At 11.2 mm SL, the definitive number of anal fin rays is
reached (Table 3); the two pigments on its base are no
longer visible, but a chromatophore in the median base of
the caudal fin and another punctiform chromatophore on
base of the pectoral fin are visible. The definitive number
of dorsal fin rays is reached at 12.0 mm SL.

In postflexion stage larvae (Fig. 1f-g), standard length
ranges from 9.5 to 19.3 mm (n = 30). Total myomere number
ranges from 34 to 38 (18-25 preanal and 13-15 postanal).
Body is very elongate to elongate (8.4-15.8% SL), head is
small to moderate (15.4-26.1% SL) and eye is small to
moderate (18.8-30.0% HL; Table 2). This stage is
characterized by pelvic fin insertion, complete ray
formation and the beginning of squamation. The most
significant changes, however, are related to body

proportions, as the increase in body depth is greater than
length, which give early juveniles a more fusiform aspect
than the previous vermiform shape of the late larvae. The
swimbladder is clearly visible, with dendritic
chromatophores above it. Punctiform chromatophores
appear on the back of the larvae, first near caudal region
and afterwards developing on base of the dorsal fin and in
the predorsal region, subsequently substituted by
dendritic chromatophores. Pigmentation on the caudal fin
is more intense. Chromatophores previously visible on the
isthmus, pectoral fin base and central base of the caudal
fin are still evident. Pectoral fin rays appear in definitive
number in 18.8 mm SL larvae, which also have the definitive
number of pelvic and caudal fin rays (Table 3).

Individuals analyzed in the juvenile period (Fig. 1h-i)
have 21 to 51 mm SL (n = 30). Body ranges from elongate to
moderate (14.0-27.1% SL), head is moderate (20.6-26.6%
SL) and eye is moderate to large (25.4-40.0% HL) (Table 2).
Individuals that still have visible myomeres have a total
number ranging from 33 to 35 (18-22 preanal and 13-15
postanal). Throughout the juvenile period, which begins
with scale formation, no significant morphological changes
are evident, as juveniles resemble adults, except for
squamation and body pigmentation. Punctiform and
dendritic chromatophores intensify in the nuke and their
pigmentation increases on base of the anal fin and beyond.
Dorsal region pigmentation is similar to the previous stage;
the base of the caudal fin is also pigmented; the
chromatophore on its base is still visible and larger
individuals may exhibit dendritic and punctiform
chromatophores sparsely distributed along sides of the
body.

Body relations and respective proportions in different
developmental stages are detailed in Table 2. Prefin lengths
in relation to SL ranged from 61.5 to 83.3% for PAL; 51.8 to
72.9% for PDL; 10.7 t0 29.2% for PPL and 37.8 to 47.2% for
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Fig. 1. Larva and juvenile Anchoviella vaillanti: 1.7 mm
yolk-sac larva (a), 3.2 mm (b) and 5.5 mm (c) preflexion larvae,
7.6 mm (d) and 10.7 mm (e) flexion larvae, 13.8 mm (f) and 16.0
mm (g) postflexion larvae, and 25.5 mm (h) and 30.0 mm (i)
early juveniles. Scale bar =1 mm.
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PPVL. Head length ranged from 7.9 to 26.6%; HD from 5.7
t0 19.2%; BD from 6.3 t0 27.1%; and ED from 16.7 to 40.0%
HL. Mean values of the relations PDL/SL and PAL/SL
differed significantly (p<0.0001) among developmental
stages (Fig. 2a,b), with an evident reduction from preflexion
larvae to juveniles, and tend to stabilize in individuals larger
than 20.0 mm SL (Fig. 2a,b), reaching a mean value of
64.441.6% SL for PAL and 54.7+1.4% SL for PDL (Fig. 2c¢).
Juveniles differed from postflexion larvae in the mean
values of PDL/SL (MS =9.6876; df = 100) and PAL/SL (MS
=9.1652; df = 100) relations, as well as from previous larval
stages. Such difference is related to the change in insertion
position of dorsal and anal fins in relation to vertebra count
during metamorphosis from larval to juvenile period (see
below).

Total vertebra number in Anchoviella vaillanti ranges
from 36 to 39 and the myomere number ranges from 31 to
45. Dorsal fin insertion varies between the 14" and 18
precaudal vertebra and anal fin insertion varies between
21% and 24" precaudal vertebra. Between the flexion stage
and juvenile period, dorsal and anal fin insertion points
move forward: dorsal from the 17"-18% to 14" vertebra and
anal from 23%-24%" to 21%-22% yertebra (Table 3).

The sequence of first fin ray formation in 4. vaillanti is
D, C, A,V and P. The definitive number of rays, however, is
attained in the following order: D and A in the flexion stage
and P, V and C in the postflexion stage (Table 3).

Discussion

Similarly to Anchoviella vaillanti, engraulid larvae are
poorly pigmented. The dorsal fin has fewer rays than the
anal fin, the base of which is initially shorter than the dorsal
fin, the pelvic fin appears ahead of the swimbladder and,
like many species other than 4. vaillanti, the pelvic fin
may have some inner pigmentation (Leis & Trnski, 1989).
The body is very elongate to almost cylindrical at first and
becomes moderately compressed in the flexion stage. The
gut is straight and has 39 to 46 myomeres, the preanal and
postanal proportion of which varies depending on dorsal
and anal fin migration (Leis & Trnski, 1989). The sequence
of fin ray development recorded for A. vaillanti (D & A, C,
V, P) is similar to that of other engraulids (Farooqi et al.,
2006).

The most commonly used character for the
identification of clupeiform larvae is the total myomere and
vertebra count, together with color pattern when the
vertebra count overlaps among similar species (McGowan
& Berry, 1984). The total myomere count in Anchoviella
vaillanti does not coincide with the vertebra number,
which may be attributed to the fact that the preanal
myomere number does not coincide with precaudal
vertebrae, mainly due to morphological changes during
the metamorphosis from larva to juvenile (McGowan &
Berry, 1984).
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One of the features leading to the differentiation of
Clupeidae and Engraulidae larvae is the relative position
of dorsal and anal fins; in engraulids, the anal fin is inserted
in a more posterior position in relation to dorsal fin.
However, larvae identification is more difficult in the early
stages between yolk-sac absorption and formation of the
dorsal fin and the myomere count is more useful for their
discrimination (McGowan & Berry, 1984; Farooqi ef al.,
2006). Engraulids differentiate from other clupeiforms in
their lower, wider mouth and more prominent snout
(Kullander & Ferraris, 2003), which is only evident in
juveniles and adults.

The change in the position of dorsal and anal fin
insertions in clupeids and engraulids is common during
transition from the larval to juvenile period (Cohen, 1984),
in which the number of dorsal and anal fin rays stabilizes
at an average size of approximately 20 mm SL (McGowan &
Berry, 1984), as also observed in Anchoviella vaillanti.
For instance, Sardinella aurita undergoes a reduction in
the number of preanal and predorsal myomeres during
development, while the number of postanal myomeres
increases. An advance of ten myomeres in the insertion
point of dorsal fin in relation to the anal fin has been
recorded for Saraineps sagax (Ahlstrom, 1968), eight
myomeres in Harengula jaguana (Houde et al., 1974), four
in Sardinella brasiliensis (Matsuura, 1975) and five in
Pellona flavipinnis (Severi & Verani, 2006). In 4. vaillanti,
dorsal fin insertion moved four vertebrae in relation to anal
fin.

As the only freshwater clupeiform species in the Sdo
Francisco River basin, larvae of Anchoviella vaillanti are
easily identified and discriminated from other orders using
the typical characteristics of the order. However, in the
lower stretches of Sdo Francisco River, downriver from the
Xingo hydroelectric plant, the engraulid 4. lepidentostole
(Fowler), which is a euryhaline marine fish that may
occasionally swim upstream to totally freshwater stretches,
is also present. Although its reproduction and initial
development predominantly occurs in estuarine areas, both
species may coexist in these lower stretches. Early larval
developmental stages of 4. lepidentostole have not been
described so far (see Richards, 2006), and their larvae may
not be properly differentiated from those of 4. vaillanti.
However, late larval stages and juveniles of the former may
be distinguished from those of 4. vaillanti by its higher
number of dorsal fin rays (15 or 16 vs. 12 or 13 in 4. vaillanti),
higher total vertebra number (40 vs. 37 to 40) and shorter
prepectoral length (14 to 16 vs. 22.8 to 28.9% SL).
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