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Abstract

The identification and classification o f m acroscopic m aturity  stages plays a key 
role in  the assessment o f small pelagic fishery resources. The m ain  scientific 
in ternational com m issions strongly recom m end standardizing m ethodologies 
across countries and  scientists. U nfortunately, there is still a great deal of 
uncertain ty  concerning m acroscopic identification, w hich rem ains to  be vali
dated. The current paper analyses reproductive data o f European anchovy 
(.Engraulis encrasicolus L. 1758), collected during  three sum m er surveys (2001, 
2005 and 2006) in  the Strait o f Sicily, to  evaluate the uncertain ty  in  the m acro
scopic m aturity  stage identification and  the reliability o f the macroscopic 
adopted  scale. O n board  the survey vessels, the m atu rity  stage o f each fish was 
determ ined m acroscopically by m eans of an  adopted  m atu rity  scale subdivided 
in  six stages. Later, at the laboratory, the gonads were prepared  for histological 
exam ination. The histological slides were analysed, finally assigning the six 
m atu rity  stages for m acroscopic exam inations. A correspondence table was 
obtained w ith the p ro p o rtio n  and  num ber o f m atches betw een the two m eth 
ods. The results highlight critical aspects in  the ascription of macroscopic 
m atu rity  stages, particularly  for the present research aim . D ifferent recom m en
dations were evaluated depending on  the scope o f the study conducted on 
m atu rity  (e.g. daily egg production , fecundity and m atu rity  ogive com puta
tion). The m ost interesting results concern the misclassification of stage IV and 
stages III and  V (the m ost abundan t), w hich confirm s their m acroscopic sim i
larity. A lthough the results are based on  a small num ber o f samples, the advan
tages and  disadvantages o f m acroscopic and  histological m ethods are discussed 
w ith the aim  to increase the accuracy o f correct identification and to  standard
ize m acroscopic m atu rity  ascription criteria.

Problem

The small pelagic species, especially sardines and  ancho
vies, represent an  im portan t resource worldwide. In  par
ticular, the E uropean anchovy (Engraulis encrasicolus) is 
w idely d istributed along the European A tlantic coast 
from  South Africa to  N orth  A tlantic, and  over the whole 
o f the M editerranean and  Black Sea. This species was 
the one m ost fished by the Italian fleet in  the last 4

years (IREPA -  Istituto Ricerche Economiche per la Pesca 
e I’Acquacoltura, 2008). These resources undergo wide 
in terannual biom ass fluctuation  m ainly due to  the effects 
o f environm ental variability on  recruitm ent. Sustainable 
m anagem ent and exploitation o f fish resources are 
linked to  the Stock R eproductive Potential concept 
(SPR; Trippel 1999). The value of reproducible potential 
for stock assessm ent appears to  be very im portan t for 
several com m ercially im portan t demersal o r sem i-dem er
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sal species (M unta  & Saborido-Rey 2003; M urua et a í
2003).

In  recent decades, the refinem ent o f knowledge on  the 
grow th and developm ent o f fish oocytes (Y anam oto & 
Yoshoka 1964; W allace & Selman 1981) and reproductive 
biology (Begenal 1973; H un te r & Goldberg 1980) has per
m itted  m ore precise definitions o f fish fecundity. The 
Daily Egg P roduction  M ethod (DEPM ) was developed in 
the late 1970s by the Coastal D ivision of the Southw est 
Fisheries C enter, La Jolla, CA, USA (Parker 1980) as a 
response to  the growing need to  devise a suitable direct 
m ethod  for the assessm ent o f N orthern  anchovy (Engrau
lis mordax), an  indeterm inate spaw ner w ith pelagic eggs 
(H un ter & Goldberg 1980). In  the case o f indeterm inate 
spawners, the DEPM  is based on  the num ber of oocytes 
released per fish in  each spaw ning event (batch fecundity) 
and the p ropo rtion  o f females reproducing daily (spawn
ing fraction). Estim ation o f spaw ning fraction for N o rth 
ern anchovy is possible because of the identification of 
post-ovulatory  follicles (POFs; cellular rem nants in the 
ovary after ovulation; H un ter & Goldberg 1980). Esti
m ates o f relative fecundity (batch fecundity divided by 
m ean female weight) and  spaw ning fraction give the 
num ber o f eggs released per u n it weight o f m ature 
females, which, m ultiplied by the sex ratio  in  the popu la
tion  expressed in  weight, provides daily fecundity (num 
ber o f eggs released per u n it weight o f stock). In  the 
1980s, applications rapidly extended to several im portan t 
anchovy stocks worldwide. DEPM  revisions in  the 1990s 
(Alheit 1993; H un te r & Lo 1997) and 2000s (Stratoudakis 
et a í  2006) confirm ed its w ide scope and potential, its 
robustness in  estim ating spaw ning biom ass and indicated 
possible challenges for better fu ture  applications.

In  m ultiple-spaw ning fishes the determ ination  o f m ac
roscopic m atu rity  stages is difficult to  achieve w ithout the 
support o f microscopic exam ination. Because o f its sub
jectivity and variability, m acroscopic exam ination o f ova

ries plays a key role in  the assessment o f fishery 
resources. The identification and  classification of m aturity  
stages are used for the determ ination  of spaw ning period 
according to  different geographical and  environm ental 
areas and for studying the relationship betw een length at 
m aturity  and  fishery exploitation (Picquelle & H ew itt 
1983; A rm strong et al. 1988; Pérez et al. 1989; M illan 
1999). Several in ternational com m issions for fisheries 
studies [i.e. ICES -  In ternational Council for the Explora
tion  of the Sea, PICES -  N orth  Pacific M arine Science 
O rganization, GFCM, -  General Fisheries C om m ission for 
the M editerranean) strongly recom m ended standardizing 
m ethodologies across countries and researchers. In  the 
present study the gonads m atu rity  data from  the Strait o f 
Sicily European anchovy (E. encrasicolus L. 1758) were 
examined. The results o f m acroscopic and m icroscopic 
m ethods were com pared to  verify the correspondence or 
the discordance of these two classification m ethods. C riti
cal aspects in  the ascription o f m acroscopic m aturity  
stages were investigated. A n im provem ent in  m acroscopic 
classification perform ance during the three study  years 
can be seen. The obtained results underline the im p o r
tance of adopting  the histological analysis w hen the inves
tigation required  the highest possible accuracy.

M aterial and M ethods

The anchovy samples were collected during the peak 
spaw ning period  in  the Strait o f Sicily (July-A ugust), 
onboard  a research vessel equipped w ith a m id-w ater 
pelagic trawl (experim ental design). DEPM  surveys were 
m ade by IAMC -  CNR during 2001, 2005 and  2006. 
From  each trawl a subsam ple of 50 specim ens was ran 
dom ly collected and processed, m easuring total and  stan
dard length (±1 m m ) and to tal and som atic weight 
(±0.1 g). The sex was determ ined and  the fish gonads 
were m acroscopically classified (Fig. 1).

Fig. 1. Six m acroscopic m aturity stages of ovary. A: im m ature ovary in body cavity. B: developing ovary. C: im m inent spaw ning. D: spaw ning. E: 
partial post-spaw ning. F: sp en t ovary in body cavity.
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Table  1. Description of m acroscopic and microscopic characteristics of each m aturity stage.

stage  stage  nam e m acroscopic characteristics microscopic characteristics

IV

VI

Im m ature or rest

Developing

Im m inent spaw ning

Spawning

Partial post-spaw ning

Spent

Invisible or very small ovaries (cord shaped), 
translucen t or slightly coloured (w hen resting)

W ider ovaries occupying 1 /4  to  1 /3  o f body 
cavity; pinkish or yellow colour. Visible oocytes 
are no t p resen t

Ovaries occupying 3 /4  to  a lm ost fitting body 
cavity; o paque  w ith yellow or o range  colour. 
O paque oocytes are visible.

Large ovaries occupying th e  full body cavity; 
fully or partially translucen t w ith gelatinous 
aspect. Hyaline oocytes are visible

Size from  1 /2  to  3 /4  o f abdom inal cavity; not- 
turgid ovaries w ith haem orrhagic zones. Blood 
coloured

Reddish ovary shrunked; Size < 2 /3  of 
abdom inal cavity Flaccid ovary. Some 
small o p aq u e  oocytes

In th e  case of im m ature fem ales, all the  oocytes in the  
ovary w ere  in prim ary grow th  stage  and  oocytes well 
packaged. Resting fem ales m ight contain late atretic  oocytes

Occurrence o f cortical alveoli and  no signs o f advanced 
spaw ning process such as thick ovary wall, high vas 
cularization of gonad

Occurrence o f vitellogenic oocytes, b u t post-ovulatory 
follicles are no t p resen t and som e oocytes in nucleus 
m igration phase  could be observed

This s tag e  starts w ith the  nucleus m igration phase fol 
lowing by oocyte hydration, w ith o u t post-ovulatory 
follicles

Post-ovulatory follicles are observed to g e th e r w ith 
vitellogenic oocytes in different stages. Signs of 
advanced spaw ning process could be de tected .
Atresia could also be present.

High level of POF and  atresia, disorganization of ovary 
structures, num erous blood vessels, absence of yolked 
oocyte groups

The m aturity  stage for each fish was determ ined using 
the six-degree m acroscopic m aturity  scale show n in  Table 1 
(H olden & R aitt 1974, m odified for six stages; ICES 2004, 
m odified by  authors). The ovaries were fixed in  4% 
buffered form alin. For species o f the genus Engraulis it is 
possible to  exploit the m ethod  o f H arris H em atoxylin and 
Eosin (H  & E). The preparation  o f samples w ith the H  & E 
m ethod  includes five steps (H un ter & Macewicz 1985): 
(i) fixation; (ii) infiltration; (iii) sectioning; (iv) m ounting; 
(v) staining. The m icroscopic data were also arranged 
according to  the six m aturity  stages from  the m acroscopic 
scale (Fig. 2). The six m atu rity  stages could be split into 
im m ature (stages I and  II) and  m ature (stages III to VI).

The operator was the same during the study period. 
For sam ples collected during  the acoustic survey the iden
tification of the six m icroscopic stages was based on the 
characteristics o f the m ost advanced oocyte stage (W est 
1990). The m icroscopic and m acroscopic m atu rity  data 
w ere com pared to  assess the correspondence levels achiev
able by an  advanced operator using m acroscopic exam i
nation . The p ropo rtion  o f a robust classification and its 
variability was also evaluated.

Results

The com parison results contain the following observa
tions: stage I is n o t widely represented in the samples 
(around  3% ), m ost probably because the surveys were 
conducted during  the peak anchovy spaw ning season. 
Stages I and II represent im m ature ovaries. The m ain 
staging mistake resulted in  the misclassification o f stage V 
as stage I in  6 /14  exam ined ovaries (43%, Table 3).

M acroscopic exam ination correctly classified stage II in 
only 7 /39 ovaries (18%, Table 3). However, the bulk  of 
misclassification occurred betw een stages II and  V (44%, 
Table 3).

Stage III is the m ost abundan t in  the samples 
(Table 3), and shows the highest m atching p ropo rtion  
betw een m icro- and m acroscopic classifications 
(Table 3). After a rather low  m atching rate in  2001, the 
correspondence betw een the two classification m ethods

Table  2. The percen tage  o f co rrespondence be tw een  m acroscopic 
(MACRO) and  microscopic (MICRO) exam ination in th ree  study years; 
th e  num ber of specim ens is given in parentheses.

MICRO

survey MACRO I II Ill IV V VI III + V

2001 I
I I

0
n

- - 100 (1) -
II

III -
u

9 (2 ) 35 (8) 39 (9) 17 (4 ) 52
IV - - 24 (5) 24 (5) 52 (11) -

V - - 55 (6) 1 8 (2 ) 27 (3) 82
VI - - 100 (2) - - 0

2005 I 0 - - - 100 (1) -

II 33 (1) 0 67 (2) - - -

III - 5 (8 ) 71 (108) 6 (1 0 ) 18 (28) 89
IV - - 24 (5) 24 (5) 52 (11) -

V - 6 (8 ) 50 (69) 4 (5 ) 39 (54) 1 (1) 89
VI 11 (1) 2 3 (2 ) 33 (3) - 33 (3) 0

2006  I 15 (2) 1 5 (2 ) 23 (3) - 39 (5) 8 (1 )
II 17 (6) 1 9 (7 ) 8 (3 ) 6 (2 ) 47 (17) 3 (1)
III - 1 (1) 66 (57) 5 (4) 28 (24) 94
IV - - 62 (5) 38 (3) - -

V 2 (1) 2 (1 ) 41 (25) - 52 (25) 3 (2) 93
VI 33 (1) - - - 3 3 (1 ) 3 3 (1 )
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Table  3. The overall percen tage  of correspondence be tw een  m acro
scopic (MACRO) and  histological exam inations (MICRO) for each 
m aturity stage  in the  w hole  study period (2001, 2005 and 2006); the 
n um ber of specim ens Is given In parentheses.

MACRO

MICRO

II III IV V VI III + V

1 4 (2 ) 1 4 (2 ) 21 (3) - 43 (6) 7 (1 )
II 1 8 (7 ) 1 8 (7 ) 13 (5) 5 (2 ) 44 (17) 3 (1 )
III - 4 (9 ) 69 (165) 6 (1 4 ) 22 (52) - 91
IV - - 34 (10) 28 (8) 38 (11) -
V 1 (1) 5 (9 ) 48 (94) 3 (5 ) 43 (85) 2 (3 ) 91
VI 17 (2) 1 7 (2 ) 2 5 (3 ) - 33 (4) 8 (1 )

increased about 70% in  2005 and  2006 (Table 2). The 
m ost com m on misclassification occurred from  stage III 
to  stage V because these stages are different for only a 
short period after spawning, w hen POFs have n o t yet 
been reabsorbed. In  the m ultiple-spaw ner species there 
is a continuous transition  from  stage III to  V and  from  
V to III during the spaw ning season. M acroscopically,
these two stages are very sim ilar and several external
factors can m ake stage III appear as stage V {i.e. trawl
tim e, trawl type, presence o f dam aging object w ith the
sam ple). The percentage o f stage V th a t was classified 
as stage III macroscopically was 22%, (52/240 samples) 
(Table 3). W hen the two stages were m erged, the per

centage o f agreem ent betw een m acroscopic and m icro 
scopic classifications increased from  52% and 82% in 
2001 (Table 2) and  89% in  2005 (Table 2), to over 
90% in  2006 (Table 2).

Stage IV (hydrated) is recognizable only during the 
daily peak o f spawning, for few hours. T hat explains the 
low presence o f these stages in  the samples (Table 3), 
although it is well know n from  the literature th a t this 
stage is easily recognized by its evident a ttributes (Fig. 1; 
H olden & R aitt 1974 m odified for six stages; ICES 2004). 
The bulk  o f ovaries (21 o f 29), m acroscopically identified 
as stage IV, were microscopically assigned to  stage III (10, 
Table 3) and  stage V (11, Table 3), 34% and 38%, respec
tively (Table 3). The correspondence was weak for stage 
IV in  all surveys (Table 2).

D uring  the study period, the correspondence betw een 
m acroscopic and  m icroscopic m atu rity  classifications 
increased m ainly for stages IV and  V.

The abundance and  percentage o f correspondence was 
highest for stage III, followed by stage V (Table 3, Fig. 3). 
The bulk  of misclassification was betw een these 
stages: 94/197 checked ovaries (Table 3), equal to 48% 
(Table 3).

The percentage o f correct classification for stage VI was 
very low (8%, Table 3) because it was confused m ainly 
w ith stage V (4 /12  ovaries; Table 3). Analysing data by 
year, it is clear th a t misclassification is always present,

POt>2

¥1 m

Fig. 2. Six microscopic m aturity  stages o f ovary. A: Im m ature oocytes. B: developing ovary w ith oocytes In nucleus m igration. C: Im m inent 
spaw ning ovary w ith  vitellogenic oocytes. D: spaw ning ovary w ith hydrated oocytes (HYD). E: partial post-spaw ning ovary w ith old POF (POF >2). 
F: sp en t ovary.
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Fig. 3. Bar chart of percen t co rrespondence be tw een  m acroscopic 
and  microscopic classifications.

despite an im provem ent during 2006: however, there is a 
correspondence betw een m acro- and  m icroscopic classifi
cation (Fig. 3), even if  low: only 1/12 samples (Table 3).

Discussion

Generally, it was observed tha t for anchovy, as for m any 
other species, it is n o t possible to  distinguish im m ature 
and  resting females m acroscopically (Trippel & M organ 
1997; Saborido-Rey & Junquera 1998; D om inguez-Petit 
2007), In  bo th  stages the oocytes are n o t visible. O nly by 
m eans o f histological analyses is it possible to  identify 
each stage accurately. This misclassification has an  im pact 
on  the estim ation of the m atu re  p ropo rtion  of the stock 
because resting females have already contributed  to  the 
spaw ning biom ass o f th a t year and  are m acroscopically 
considered im m ature.

Stages I and  II are n o t widely represented in  the sam 
ples, probably due to  the sam pling periods, which 
occurred during the peak of the anchovy spaw ning sea
son. The large misclassification o f stages I and II w ith 
stage V is rem arkable, especially w hen the aim  o f analysis 
is to  discrim inate m ature and  im m ature specimens.

By com paring the results w ith literature data (ICES,
2004), it is possible to  see th a t the misclassification 
betw een III and  V stages is a recurring problem  and that 
the m atch rate betw een m acroscopic and  m icroscopic 
classification increases w hen the two stages are merged. 
This is m ainly because these stages differ for only a short 
tim e after spaw ning, w hen the POFs are n o t yet reab
sorbed, which, in the studied area, w ith high m ean water 
tem perature, represents a very fast process (a few hours). 
In  the m ulti-spaw ner species, the change betw een stages 
III and  V is a continuous process during the spawning 
season un til the last batch  has been spawned. D uring the 
study period, there is an  increasing p ropo rtion  o f correct 
ascription, b u t it appears lower than  the values reported  
in  the literature, e.g. the anchovies from  Portugal (100%

m atching in  Stage III; ICES, 2004). In  any case, there 
appears to  be a clear need for a training period onboard  
the fishing vessels to  be able to  discrim inate the m aturity  
stages o f very fresh gonads. Freezing, form alin or alcohol 
preservation is know n to  produce deep alterations a t a 
m acroscopic level, m ainly in  the colour and  consistency 
o f ovaries. As reported  in Lasker (1980) the gonad tissues 
have to  be sam pled w ith in  2 h o f the catch, before degra
dation  becomes significant. Bearing in  m ind  th a t Lasker 
used the hydrated stage for histological p reparation , som e 
hours m ore could be a reasonable tim e w ith in  w hich to 
carry ou t the m acroscopic exam ination.

Further interesting com m ents concern stage IV. Despite 
this stage being generally easily recognizable by visual 
inspection o f fresh individuals, the bulk  o f ovaries m acro
scopically identified as stage IV becam e stage III and  V 
w hen later microscopically examined. Stage IV could eas
ily becom e stage V w hen the spaw ning begins. So if only 
a few eggs are spawned, the m acroscopic aspect does no t 
differ com pared to  the entire hydrated oocyte. However, 
it should be no ted  tha t the percentages for stage IV are 
based on only a few observations, and  for this reason 
their representativeness is proportionally  low.

D uring the w hole study period, stage VI was rarely cor
rectly identified. The misclassification betw een stage VI 
and  stages I and  II is particularly  problem atic, because 
stage VI represents m atu re  fish and  stages I and II im m a
tu re  fish. In  addition , the p roportions o f stage VI are 
based on  a small num ber o f observations.

M aturity  ogives should only be based on data collected 
during the peak o f the spaw ning season, taking in to  con
sideration geographical variation, as it is im possible to 
distinguish im m ature and resting females macroscopically. 
The p ropo rtion  o f resting females during the peak of the 
spaw ning season is lower than  during the rest o f the year. 
If  possible, a gonad subsam pling for histological analysis 
should be carried ou t to  obtain  a correction factor to 
reduce the im pact o f misclassification betw een im m ature 
and  resting females.

Furtherm ore, the samples should be analysed as soon 
as caught, w hen the ovaries are in their best condition, 
allowing the right m acroscopic m atu rity  stage to  be 
assigned m ore reliably. However, samples are generally 
analysed after a preservation period in  ice or form alin, 
w hich changes the colour and  texture. Also, frozen 
gonads are n o t appropriate for histological exam ination. 
W hen  fecundity has to  be estim ated for stock assessment 
purposes, it is necessary to  validate the m acroscopic clas
sification w ith a m icroscopic one, to  reduce mistakes.

The results from  m acroscopic and  m icroscopic m atu 
rity  classifications could be used for several applications. 
In  the case o f the estim ation o f size at first m atu rity  of 
the population  (L50) the m acroscopic exam ination w ould
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be enough to  discrim inate im m ature from  m atu re speci
mens, as follows: im m ature = stage I and II; m atu re  = III 
to  VI. H istological analysis w ould n o t be necessary if 
m acroscopic classification were applied, especially w hen a 
high num ber o f individuals have to  be processed. Also, in 
the latter case, a higher level o f accuracy m ay be achieved 
w hen a representative subsam pling, for further histologi
cal exam inations, can be done. W hen m acro- and  m icro
scopic exam inations are com pared, it is possible to  build  
a table, as in  the present study (Table 3), where the corre
spondence p ropo rtion  for each m acroscopic m aturity  
stage can be used as a correction factor for all the sam 
pled specim ens classified macroscopically. Finally, because 
m aturity  ogives are generally correlated to the length of 
the fish, a correction table has to  be obtained for size 
classes. From  the present study  the misclassification 
betw een stage I versus V, stage II versus V and  stage VI 
versus I and II, has to be corrected to avoid a significant 
source o f mistake. W ith  regard to the fecundity estim a
tion, the misclassification rate from  m acroscopic exam i
nation  is very large w hen determ ining consistent 
variations in  batch  fecundity (F) and in  spaw ning fraction 
(S) estim ation; consequently, there is a greater uncertain ty  
in  the stock assessm ent abundance estim ations (e.g. 
DEPM  applications). As know n from  the literature (H un
ter & Macewicz 1985) and  as supported  by the present 
data, in  m ultiple-spaw ning fishes, histological analysis is 
essential w hen the DEPM is applied.

D uring the three study years there was an  im provem ent 
in  the m acroscopic classification perform ance o f the oper
ator: clearly, experience helps to im prove the ability to 
recognize different stages; however, it is also true  tha t the 
level o f misclassification in  the last year was high enough 
to  com prom ise the estim ation o f the DEPM  param eter.

Finally, the in terpre tation  o f m atu rity  scales and  deter
m ination  of m atu rity  stages m ay vary considerably am ong 
people and  labs because no  exchanges o r standardization 
m eetings are conducted regularly am ong countries where 
sim ilar resources are studied. Sometim es, w hen datasets 
from  different countries are com pared, this variability 
m ay be larger than  the misclassification errors. The 
obtained results confirm  the im portance o f com m on and 
standardized protocols for the identification and  m acro
scopic classification of m atu rity  stages am ong scientists 
from  different country. As a fu ture  objective, to  overcome 
this problem , we suggest tha t com m on training and in ter
calibration exercises be extended as m uch as possible to 
all the labs tha t study fish fecundity.

The correspondence analysis betw een m acroscopic and 
m icroscopic classifications underlined the weakness of 
m acroscopic classification even w hen conducted by the 
same operator w ith the best sam pling conditions (direct 
on board) and  following clear m atu rity  scale criteria

widely accepted by the scientific com m unity. U nfortu 
nately, w hen the above recom m endations about intercali
b ra tion  exercises and  samples freshness, are followed the 
misclassification p ropo rtion  rem ains highly significant. 
The reasons for the discrepancies betw een m acroscopic 
and histological observations are m ainly as follows: 
operator subjectivity; unclear distinction  betw een the 
descriptions o f m atu rity  stages in  the reference tables; 
daytim e sam pling; the level o f fish in jury  due to  the trawl; 
and the elapsed tim e from  the catch to  exam ination of 
the samples. Therefore, histological p reparation  appears 
to  be the only way to  obtain  an  accurate classification 
(i.e. DEPM  applications, fecundity studies, etc.). W hen 
the study aim s do n o t require such high standards, it is 
possible to  carry ou t the m acroscopic exam inations w ith 
the scale used here w ith satisfying results (i.e. m aturity  
ogives com putation).
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