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ABSTRACT Polychaetes tend to form the dominant sediment dwelling fauna of the most mudflats, estuaries
and sheltered sandy shores and it also play a significant role in ecosystem functioning and ser-
vices. Seasonal changes in the length, fresh weight, oocyte diameter, sexual status and sexual
maturity index of the polychaete Perinereis cultrifera (Grube, 1840) (Anellida Polychaeta
Nereididae) were studied during twelve months from January to December 2016 in the east
coast of Algeria. The samples were collected monthly at three sites: El-Kala, a site far from
any source of pollution, Annaba and Skikda, sites located near human and industrial wastes.
The reproductive cycle of the females was studied; however, the ovaries consist of coelomic
germ-cell clusters surrounded by a thin envelope of follicle cells. The female coelomic puncture
has a heterogeneous aspect and shows different oocyte diameters. The reproductive period is
more intense in spring period. The results show differences between sites compared with the
reference samples. The reproduction period of occurs in spring (April, May). This approach
confirms that individuals collected from Annaba and Skikda have been submitted to a highly
polluted environment. Therefore, individuals sampled from Skikda showed the highest reduc-
tion of different measured parameters.
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INTRODUCTION

The coastal marine environment is widely ex-
ploited for its economic wealth (fishing, maricul-
ture) and tourism. The marine ecosystem suffers
from several types of pollution; from direct dis-
charges (municipal and industrial effluents, oil
spills) and indirect discharges (riverine and atmo-
spheric) (Rudolph & Rudolf, 1999). There are dif-
ferent types of chemical contaminants ranging
from radioactive discharges (Uddin et al., 2015;
Falfushynska et al., 2016), the nanoparticles

(Rocha et al., 2015), organic materials (Olivares-
Rubio & Vega-Lopez, 2016), such as polychlori-
nated biphenyls (PCBs) (Choi et al., 2014;
Kodavanti & Loganathan, 2017), and polycyclic
aromatic hydrocarbons (PAHS) (Liichmann et al.,
2014; Guo et al., 2017), pesticides (Moraleda-Cib-
ridn et al., 2015; El Nemr et al., 2016; Lopez et al.,
2017), the pharmaceutical products (Aguirre-Mar-
tinez et al., 2016; Andreu et al., 2016; Joseph,
2017), and the heavy metals (Chandurvelan et al.,
2015; Schoonover et al., 2016; Durkalec et al.,
2017).
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The eastern Algerian coastline is the most im-
portant touristic and economic zone. It is continu-
ously affected by various contaminants from urban,
agricultural, harbor and industrial activities
(Boucetta et al., 2016).

Benthic communities are directly exposed to
contaminants adsorbed on the particle phase, but
also to those dissolved in water at the sediment-
water interface and, as a consequence, they
have been conventionally used as bio-indicators in
the biomonitoring of sediment toxicity (Lotufo et
al., 2001). These communities are formed by a
large majority of sedentary species which are in-
tegrator agents of temporal effects of various en-
vironmental stresses either of natural or
arthropogenic origin. Polychaete annelids are well
represented in marine environments and constitute
a significant percentage of total biodiversity and
abundance of benthic macrofauna. Polychaetes are
the dominant macrofauna within fine sediments.
(Fauchald, 1997). Polychaeta worms of the Nerei-
didae family are one of the most common and rep-
resentative species of estuarine macrobenthos
(Scaps, 2002), and they are classified as key
species due to their important role as a food source
and in biogeochemistry processes (Banta & An-
dersen, 2003; Amiard-Triquet, 2009). Sustainabil-
ity of estuarine environments is necessary to
maintain the ecological and economic health of
coastal regions. So, the assessment of key estuar-
ine population species is ecologically relevant in
the environmental assessment of estuarine areas.
Perinereis cultrifera (Grube, 1840), type locality:
Naples, Italy, has been regarded as a cosmopolitan
species, recorded to be from the Atlantic Ocean,
Yellow Sea, Mediterranean Sea, Red Sea, Arabian
Sea, Indian Ocean and Pacific Ocean (Grube,
1840; Fauvel, 1932, 1936, 1953; Uschakov & Wu,
1965; Imajima, 1972, 1996, 2003; Paik, 1977,
1979, 1989; Wu et al., 1985; Hutchings et al.,
1991; Miron et al., 1991; Fidalgo & Costa, 1999;
Wehe & Fiege, 2002). The polychaete worms, as
benthic fauna are biological parameters that indi-
cate the overall aquatic fertility of the sediments,
and the study of the polychaetes may be used as
baseline information to evaluate the demersal fish
stocks, as they form a major food item in the nu-
trition of the bottom feeders. In addition, and more
importantly they could be used as good biological
indicators of marine pollution.
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Perinereis cultrifera is characterized by a
monotelic (Semelparous) pattern of reproduction in
which a single, climatic reproductive event is fol-
lowed by death. The majority of studies on en-
docrine regulation of reproduction are related to
neuroendocrinology aspects. Growth and gameto-
genesis are controlled by a neuro hormone pro-
duced by the cerebral neuroendocrine system.
Neuroendocrine activity is high during the early
stages of life; later reduces resulting in the accumu-
lation of maturing gametes (Golding & Yuwono,
1994). Concerning oogenesis, four phases could be
recognized: oogonia (active mitosis), premeiotic,
previtellogenic and vitellogenic (Olive & Clark,
1978). When primary oocytes appear, they accumu-
late nutritive resources (lipids, glycoprotein and fi-
nally lipovitellin) and will grow until a maximum
oocyte diameter. During the maturity of genital cell,
rag worm Perinereis cultrifera show metamorpho-
sis, including the enlargement of eye, seta and para-
podia in the middle part to be modified as the
swimming device. Many worms live in the base of
waters, but swim into surface at night during
spawning to release egg and sperm. The lenght
changes during the development and it is difficult
to correctly identify (Rouabah & Scaps, 2003b).

In this context, the aim of this study is to evalu-
ate the impact of environmental pollution on the re-
production of females of P. cultrifera in considering
a morphometric, overweight and biochemical study
of three populations monthly sampled at three sites
of the east coast of Algeria which have different lev-
els of pollution.

MATERIAL AND METHODS
Study area

Sampling sites were chosen because of their ge-
ographical locations in eastern Algeria (Fig. 1). Site
selection was based on the level of pollution as well
as ease of access to the study area and abundance of
species. El-Kala (36°53°44”N, 08°26°35”E) is close
to the Tunisian border (10 km). This site is minimally
influenced by anthropogenic inputs, given the low
urbanization of the region. Moreover, there is a no-
table absence of industries and consequently,
little or no industrial atmospheric or continental pol-
lution (Ounissi & Khelifi-Touhami, 1999). Annaba
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(36°54°27” N, 7°45°26”E) is located about 80 km
from the Tunisian border. This site is a standout
amongst the most vital vacationer and financial fo-
cuses on the eastern coasts of Algeria. It is considered
as the receptacle for all residues, toxic or not, pro-
duced by the various industrial units located along
the coast. Due to this, fishery stocks threatened by
pollution are linked to the burgeoning economic ac-

tivity. In addition, previous work has shown that the
Annaba gulf region is influenced by metal-rich ef-
fluents and is subjected to agricultural, industrial and
urban activities as well as tourism development (Se-
madi & Deruelle, 1993; Abdenour et al., 2000; Beldi
et al., 2006; Sifi et al., 2007; Amira et al., 2011;
Soltani et al., 2012; Sifi et al., 2013; Belabed et al.,
2013b; Amri et al., 2017b). In addition, the port of
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Figure 1. Map of eastern coasts of Algeria shows the three sampling sites of this study.

Posistion Nature of
of Geographic coordinates Soil the Pollution Associated species encountered
sampling substrate
Perinereis macropus, Perinereis oliveirae,
El-Kala 36°53'53.33"N Rocky Dense Unpolluted ~ Nereis falsa, Lepidontus clava, Diodora graeca,
(La 8°27'3.28"E Tricolia spesiosa, Eriphia verrucosa, Fascolosoma
Montagne) granulatum, Patella  depressa, Amphipoda sp.,
Isopoda sp., Ulva lactuca, Corallina elongata,
Colpomenia sinuosa
Rocky
Annaba 36°54'5.79"N and Dense Urban and  Nereis falsa, Diodora graeca, Tricolia spesiosa,
(Saint- 7°4522.20"E Sandy industrial  Eriphia verrucosa, Amphipoda sp., Ulva lactuca,
Cloud) Corallina elongata, Colpomenia sinuosa
Rocky Nereis falsa, Nereis fucata, Diodora graeca, Tricolia
Skikda 36°52'18.86"N and Slender Urban and  spesiosa, Eriphia verrucosa, Amphipoda sp., Ulva
(Bikini) 6°54'3.28"E Sandy industrial ~ lactuca, Corallina elongata, Colpomenia sinuosa

Table 1. Characterization of sampling sites.



508

Annaba receives 9% of the polluting load
(NWSEP/PNAE-DD, 2002). Skikda (36°4’0”N,
06°49°60”E) is located about 180 km from the
Tunisian border. This site is near from Storaport that
is characterized by an intense maritime traffic. This
site is exposed to the pollution by PAH due to the
presence of an important petrochemical complex
(Abdenour, 2000; Bordjiba et al., 2009; Guemouda
etal., 2014).

The choice of study sites was based on the sites
accessibility, the abundance of the species and the
sampling ease.

Sampling procedure

Specimens were collected monthly from Jan-
uary to December 2016. They were found within
Rhodophyceae, in algal-covered hard bottoms.
They live in the low intertidal zone and extend
down into the sublittoral; in consequence, the inter-
tidal and shallow sublittoral hard bottoms were
sampled methodically by scraping algae and look-
ing for individuals (Rouabah & Scaps, 2003).

Abiotic parameters

The following parameters were measured
monthly in situ: temperature (T), salinity (S), pH
and dissolved oxygen (O,) using a multiparameter-
oxymeter (Multi 340i/SET) at each site monthly
from January 2016 to December 2016

Morphometric measurements and sexual dif-
ferenciation

The samples were prepared and weight, length
and the setigeres were measured. Worms were
weighed individually at one-tenth of mg after dry-
ing on paper filter. Sex and the state of maturity has
been determined on all harvested individuals. Mi-
croscopic examination of the body content allowed
to recognize males, females and individuals undif-
ferentiated and therefore to determine monthly per-
centages corresponding to each sex. The state of
epitokous has been estimated from observation
under the microscope of Parapodia taken in
medium-sized and terminal areas.

At each sampling date, the following variables
were measured: total lengh (TL), fresh weight
(FW), percentage of sexual individuals and oocyte
diameter (OD).
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Examination of coelomic punctures and oocyte
examination

To study the reproductive cycle, the individuals
were fixed in the laboratory with 8% neutral
formaldehyde and examined for the presence of
sexual products in the coelom. A short incision was
made in the body wall at about the twentieth
chaetigerous segment and a drop (~ 1 ml) of the
coelomic fluid was removed with a Pasteur pipette
and examined under a binocular microscope (Fig.
2). When possible, forty oocytes were measured
using a calibrated eye piece graticule. The longest
and the shortest diameter of oocytes were deter-
mined, and the average value was used as an esti-
mate of oocyte size.

Size-frequency distribution of oocytes

The diameter of at least 100 oocytes was mea-
sured using a calibrated eyepiece graticules and
consisted of coelomic germinal clusters surrounded
by a thin envelope of follicle cells derived from the
peritoneum.

Sexual maturity index (SMI)

Since sex-ratio (about 80%) is greatly in favour
of females, investigation was carried out only on fe-
male worms.

In order to determine worm’s sex and to assess
sexual maturity of females, an incision using a
scalpel approximately 30 segments behind the head
was realized. The segment content was released on
a glass slide and the coelomic fluid was examined
under microscope. The dimension measured was
maximum diameter of each oocyte to the nearest
micrometer. Reproductive status of specimens was
characterized by a stage of maturity ranging from 1
to 4 (Table 1). Then, a sexual maturity index (SMI)
was calculated as:

SMI = [(1* nl) + (2* n2) + (3* n3) + (4* n4)]/N

Where nx is the number of individuals in stage
x and N the sum of nx (Durou & Mouneyrac,
2007).

Statistical analysis

Data were expressed as means + standard devi-
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ation (M + SD). The normality of the distribution
was tested using the Shapiro-Wilk test. To assess
multiple comparisons, a parametric one-way anal-
ysis of variance (ANOVA) was performed on data
with a Tukey’s test. All statistical analyses were per-
formed using MINITAB Software (Version 14, PA
State College, USA) and statistical significance was
defined at the p < 0.05 level. The correlations be-
tween different parameters were determined by
using Speerman-test.

Seasonal and intersite variation of parameters
by Principal Component Analysis (PCA)

The use of Principal Component Analysis
(PCA) as a preliminary and exploratory descriptive
approach made it possible to visualize the structur-
ing of the temporal and spatial variation at the three
sites according to eight variables: water temperature

(T), pH, salinity (Sal), dissolved oxygen (Oxy),
length (L), fresh weight (FW), oocyte diameter
(OD) and sexual maturity index (SMI).

RESULTS
Environmental characterization

The seasonal variations in the physicochemical
parameters of the water are represented in Table 2.
The results show that changes in the physicochem-
ical parameters are directly related to seasonal
rhythm; the lowest temperatures are recorded dur-
ing winter whereas during spring, the temperatures
show an appreciable increase, with a maximum in
summer. The ANOVA single controlled factor vari-
ance analysis indicates that there are significant
differences only between the dissolved oxygen in

Season Site Temperature (°C) Salinity (mg/l) Oxygen dissolved pH
(mg/l)
s1 13.93+1.15 32.96 +3.07 8.60 £ 0.26 8.06 + 0.55
Winter S2 13.26 +1.02 31.36 +1.20 8.36+ 0.32 8.12 + 0.68
S3 1320 +1.15 32.33 +£2.40 6.83 £ 0.56 7.83+0.72
P Value 0.689 0.718 0.004+* 0.828
S1 1753 £1.26 33.70 £ 1,80 7.73 £ 0.60 8.20 + 0.26
Spring S2 17.13+£1.45 34.33 £1.70 6.90 £ 0.20 8.00 = 0.50
S3 17.12£1.72 34.56 + 0.85 6.50 £ 0.43 8.53+0.20
P Value 0.932 0.778 0.037* 0.244
S1 25.93 +1.80 36.86= 0.20 6.46 +0.21 8.36 £0.15
Summer S2 24.66 + 1.15 36.80 + 0.26 5.06 £ 0.26 8.13+0.37
S3 25.10 +£1.73 36.76 = 0.15 3.90 + 0.55 8.10 £ 0.26
P Value 0.635 0.847 0.000%** 0.491
S1 19.66 + 0.85 32.53+1.35 7.70 £ 0.20 8.13+0.20
Automn S2 19.83 £ 0.68 32.50 +1.08 6.17 £ 0.32 7.83+0.21
53 19.13+ 0.66 33.43 +£0.25 5.60 £ 0.70 7.93 + 0.30
P Value 0.517 0.484 0.003+** 0.373

Table 2. Seasonal variations of physicochemical parameters analyzed at the 3 sampling sites, El-Kala (S1),
Annaba (S2) and Skikda(S3), from winter to autumn 2016
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the three study sites (P< 0.05) and specially in sum-
mer.

Annual evolution of the size length

The morphometric measurements show that the
female individuals collected from El-Kala site (La-
Montagne) have the highest values followed by the
individuals collected from the Annaba site (Saint-
Cloud) and the Skikda site (Bikini). The maximum
length was 50.03 £+ 3.99 mm in April for females
individuals collected at the site of El Kala (La Mon-
tagne) and the minimum length was 19.68 + 1.97
mm during August concerning the collected indi-
viduals at the Skikda (Bikini) site. Usually, the
month-length variation regarding females of P. cul-
trifera at the sites studied shows that the individ-
ual’s length increases from February and reaches a
maximum value in April at the level of all sites stud-
ied, followed by a decrease in size during the two
months of July and August and then gradually in-
crease from September in the three study sites.

The variance analysis of the monthly variations
in length by the Tukey test makes it possible to
compare the different averages and to classify the
studied sites into two groups during the months of
January, June and July. Group A includes the El-
Kala site (La Montagne), and Group B includes the
two sites Annaba (Saint Cloud) and Skikda (Bikini).

The Tukey test classified the studied sites into
two groups during the months of September, Octo-
ber and November; group A contains the two sites
El-Kala (La-Montagne) and Annaba (Saint Cloud).

The test reveals three groups during the months
of February, March, April and August. Group A cor-
responds to the El-Kala site (La Montagne) where
the average values of length are the highest, Group
B contains females from the Annaba site (Saint
Cloud) which have female lengths between El Kala
(La Montagne) and Skikda (Bikini), and Group C
corresponds to the Skikda site (Bikini) that repre-
sents the minimum values (Fig. 2).

In addition, the Tukey test made it possible to
classify the studied sites into three groups during
the month of December. Group A includes the El-
Kala site (La Montagne), group AB represents the
Annaba site (Saint Cloud), and group B includes the
Skikda site (Bikini).

The one-way ANOVA tests show that there is a
highly significant difference during the month of
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December (p = 0.008), as well as very significant
differences between the sites (P = 0.000) during the
months of January, February, March, April, May,
June, July, August, September and October. The
two-ways ANOVA tests (month, site) exhibited that
there is a very highly significant effect between
months and between sites and also a very highly sig-
nificant site/month interaction (P<0.001) (Fig. 2).

Annual evolution of fresh weight

The monthly variations in fresh weight of P. cul-
trifera females show a gradual increase in January
weight with a maximum reached in April (0.305 +
0.05; 0.242 £ 0.074 and 0.186 + 0.06 g), respec-
tively, for the sites of El-Kala (La Montagne),
Annaba (Saint-Cloud) and Skikda (Bikini), then a
decrease in weight reaching a minimum in August
(0.092 +0.03; 0.074 £ 0.02 and 0.068 + 0.03 (g) in
El-Kala (La-Montagne), Annaba (Saint Cloud) and
Skikda (Bikini), respectively, and a slight increase
in December was recorded (Fig. 3).

Analysis of the monthly variation in body
weight of P. cultrifera females using the Tukey test
allows to compare the averages in order to classify
the studied sites into three groups during the
months: August, September and December; group
A includes the individuals from El-Kala (La Mon-
tagne) that have the highest weight values, group
AB represents the individuals from the Annaba site
(Saint-Cloud) whose weight is not different from
that of the individuals from the El-Kala site (La-
Montagne), group B includes the individuals from
the Skikda site (Bikini) that have the lowest values.

The Tukey test allowed us to classify the sites
into two groups for the months of January and July:
group A representing the site of El-Kala (La Mon-
tagne), group B corresponding to the two sites of
Annaba (Saint-Cloud) and Skikd (Bikini). This in-
dicates the existence of a notable difference be-
tween the females of El-Kala (La Montagne) and
those of the other sites while within the same group
B there is no difference.

The test highlights two groups during the months:
February, March, May, June and November, group A
contains the individuals from El-Kala (La Montagne)
and Annaba (Saint-Cloud) where the weight is
higher, group B includes the individuals from the
Skikda site (Bikini), which has the lowest individu-
als. The Tukey test made it possible to classify the
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Figure 2. Monthly length variations (mm) in females of Perinereis cultrifera at the three study sites: El-Kala
(La Montagne), Annaba (Saint-Cloud) and Skikda (Bikini) during 2016 (Tukey classification).
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Figure 3. Monthly fresh weight variations (g) in females of Perinereis cultrifera at the three study sites: El-Kala
(La Montagne), Annaba (Saint-Cloud) and Skikda (Bikini) during 2016 (Tukey classification).

sites into three groups for the month of April, group
A represents the individuals from the El-Kala site (La
Montagne), group B corresponds to the Annaba site
(Saint-Cloud) which has intermediate values be-
tween the individuals from El-Kala and Skikda
(Bikini), group C corresponds to the individuals from
the Skikda site which have the lowest values.

In October, the test allowed us to classify the
sites into the same group A where there is no dif-
ference between the three sites.

The one-way ANOVA shows that there is a non-
significant difference during the months: October
(P =0.089) and December (P = 0.057) and a very
significant difference during the month of August
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(P=0.011), and highly significant differences were
recorded in February (P = 0.008) and September (P
=0,004); However, there were very significant dif-
ferences between the sites (P = <0.001) during the
months of January, March, April, May, June, July
and November. The two-way ANOVA (site, month)
reveals a very highly significant site effect, a month
effect, and a very significant site/month interaction
(P<0.001).

Aspect of a coelomic puncture and annual
evolution of the oocyte diameter

The average oocytes diameter evolution (Fig. 4)
during the study period is represented by the figures
5, 6 and 7 corresponding to the populations sampled
respectively from El-Kala (La-Montagne), Annaba
(Saint-Cloud) and Skikda (Bikini). This evolution
curves relating to the three studied sites show al-
most the same thing. We note a gradual and contin-
uous evolution from January to May. However,
during the period from February to May, two
groups of females are identified, one group of fe-
males with small oocytes and the other one with
larger diameter oocytes. The group of females with
an average oocyte diameter of less than 50 pum be-
gins to appear in February and then gradually dis-
appears, as the oocytes evolve towards maturity to
reach larger and larger sizes. During the period from
March to May, the size of the oocytes reaches its

Figure 4. Aspect of a coelomic puncture of Perinereis cul-
trifera showing oocytes at different phases of development
(A: immature oocyte; B: mature oocyte; C: vitellin mem-
brane; D: ceelomic fluid; E: eléocytes).
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maximum. However, the average diameter of the
mature oocytes is around the order of 250 to 300
um. In addition to all that, from June of the study
year, females of large oocyte diameter disappear;
this can only be explained by the death of the fe-
male spawners. The evolution curve of oocyte di-
ameter according to time shows that the oocyte
development spreads over a period of 16 months in
all three populations

The comparative analysis of oocyte diameter av-
erages measurements in females sampled at the
three sites shows that the last diameter is higher at
the healthy site of El-Kala (Fig. 5), followed by the
one of Annaba (Fig. 6) and then of Skikda (Fig. 7)
during the month of April for the first
population.On the other hand, the minimum diam-
eter of oocytes for the same population is reached
at Skikda in May, followed by the populations of
Annaba and El-Kala during June.

Annual evolution of sexual status

The evolution of the sexual status of the Per-
inereis cultrifera population in the three sites during
the annual cycle from January of the year 2016 to
December of the year 2016 is shown in figures 8, 9
and 10. We note that the proportion of male indi-
viduals remains weak during the course of time, this
is probably related to the fact that it is easier to dif-
ferentiate early oocytes rather than spermatogonia
clusters. The proportion of females varies greatly
and the change in the percentage of sexed individ-
uals over time reflects the change in the ratio of fe-
males in the total population. The proportion of
sexed individuals is highest during the period from
January to April.

For the populations sampled at El-Kala (La
Montagne) and Annaba (Saint-Cloud), the propor-
tion of sexed individuals is highest from February
to May, and the average was around 90% at El-Kala
(La Montagne) (Fig. 8), 80% at Annaba (Saint-
Cloud) (Fig. 9) and 70% at Skikda (Bikini) (Fig.
10). At the beginning of May, the proportion of
males and females decreased in the three sampled
populations, certainly reflecting the death of mature
epitokous, which corresponds to the end of the
breeding season. It should be noted that a second
decrease in the percentage of sexual individuals oc-
curs in August (27.58%) in the case of the popula-
tions sampled at El-Kala (La Montagne) and
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(28.56%) at Annaba (Saint-Cloud) and (41.77) at
Skikda (Bikini) during the same month. This is a
direct consequence of the emergence of a new un-
differentiated generation of individuals in the pop-
ulations sampled during this period.

Annual cycle of sexual maturity index

The maximum values of the sexual maturity
index (SIM) were recorded in April (4.04; 2.77 and
1.70) respectively for the study sites of El-Kala (La
Montagne), Annaba (Saint-Cloud) and Skikda
(Bikni) (Fig. 11). However, the lowest SIM values
were recorded in August (0.96; 0.79; and 0.60) re-
spectively at the three study sites of El-Kala (La

Montagne), Annaba (Saint-Cloud) and Skikda
(Bikni).

Annual Size-frequency

The female coelomic puncture had a heteroge-
neous aspect and showed different oocyte diame-
ters. Due to the presence of previtellogenic,
vitellogenic, and sometimes mature oocytes in the
coelom of females we deduced that P. cultrifera had
an asynchronous oogenesis. For this reason, a bio-
metric study of oocytes growth was essential to de-
termine the reproduction period as well as the
spawning season. The diameter of the oocytes pre-
sent in the coelomic cavity was used as indicator of
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Figures 5-7. Oocyte growth from January to December of
females collected from El-Kala (Fig. 5), Annaba (Fig. 6) and
Skikda (Fig. 7) during 2016.

Figures 8-10. Annual evolution of sexual status of Per-
inereis cultrifera collected from El-Kala (Fig. 8), Annaba
(Fig. 9) and Skikda (Fig. 10) during the year 2016.
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the maturation stages. In P. cultrifera these germinal
elements had a wide range of dimensions, so seven
groups of increasing oocytes were identified using
a class interval size of 50 um (Figs. 12-14).
Oocytes that had completed vitellogenesis mea-
sured 300-350 um. Females with small oocytes (di-
ameter less than 50 um) were present throughout
the year (Figs. 12—14). The coelomic fluid of fe-
males collected in April contained a majority of
large oocytes indicating that this period corre-
sponded to the most intense reproductive period.
From April the drastic reduction in the number of
mature oocytes in the coelomic cavity was con-
nected with spawning. A relatively high proportion
of females containing mature oocytes was found in
March and April in females collected at El-Kala
(50%), 15-39% in females collected at Annaba and
3-19% in females collected at Skikda. During win-
ter and summer periods we found a high proportion
of females containing small and medium oocytes
(Figs. 12-14).

Seasonal and intersite variation of parame-
ters by Principal Component Analysis (PCA)

The use of Principal Component Analysis
(PCA) as a preliminary and exploratory descriptive
approach made it possible to visualize the structur-
ing of the temporal and spatial variation at the three
sites according to 8 variables (pH, dissolved Oxy-
gen, Temperature, Salinity, Length, Fresh-weight,
Oocyte-Diameter, SIM). The used software allowed
for vectors whose direction centered on the factorial
axes meaning that part of the point cloud affected
by the action of the factors involved and the length
indicates their intensity.

The first two factorial axes outweigh respec-
tively 51.89% - 23.11% of the variance or about
75.01% of the total variance (Figs. 15, 16). We will
retain only the first two axes for the interpretation
of the analysis. The dots-area is proportional to the
values taken by the variables.

The site of the city of El-Kala is influenced by
a higher pH and dissolved oxygen than the other
two sites (Skikda and Annaba), resulting in larger,
heavier individuals with an oocyte diameter and
SIM more important. The Skikda site is influenced
by a higher temperature and salinity than the other
two sites (ElI-Kala and Annaba). Annaba site is an
intermediate site concerning the physicochemical
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parameters and the results of weight, size, oocyte
diameter and SIM means.

Correlations between different studied pa-
rameters

The Spearman test allowed us to confirm that
there is a positive and very highly significant cor-
relation between the four studied parameters at El-
Kala (Fig. 17), very significant at Annaba (Fig. 18)
with lower values; on the other hand, at Skikda, the
values are positive (Fig. 19) but much lower and not
significant concerning the oocyte diameter with the
maturity index and only significant for the fresh
weight with the oocyte diameter.

DISCUSSION

Wetlands are ecologically very important and
extremely productive ecosystems, however very
sensitive essentially in transitional locations subject
to environmental and anthropogenic constraints
(Mouillot et al., 2005; Rossi et al., 2006; Blanchet
et al., 2008). The Algerian coasts like several
Mediterranean wetlands, are subject to an increas-
ing pressure in the anthropogenic activities (urban-
ization, industry, pollution, aquaculture, tourism
and overfishing). The consequences can be detected
on the general state of ecosystems, mainly in
macrofauna that is more sensitive and more ex-
posed (Ben Mustapha et al., 1999; Ayari & Afli,
2003). Aquatic organisms in general are often con-

—=t==F|-Kala

“#==Annaba === Skikda

Sexual Maturity index
(SIM)
o

Month

Figure 11. Monthly Sexual maturity index variations in fe-
males of Perinereis cultrifera at the three study sites: El-
Kala (La Montagne), Annaba (Saint-Cloud) and Skikda
(Bikini) during the year 2016.
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fronted with fluctuations in their physical, chemical
and biological environments. Changes in environ-
mental factors imposed on these aquatic lives are
usually gradual, rythmic and predictable (Ahame-
fula, 2014). The littoral is highly vulnerable to a
wide assortment of contaminants and micropollu-
tants directly released into the seas and oceans, to
which are added those released into the air and
drained by soils and rivers (Bensouda & Soltani-
Mazouni, 2014).

Polychaeta are a large class in phylum Annelida.
Polychaetes all live in the sea with over 10,000
species known worldwide with locations ranging
from tidal zone to deep sea (Kirkegaard, 1983;
Bakken & Wilson, 2005); they play an important
role in the benthic niche (Kelly et al., 2006; Sam-
pértegui et al., 2013). They have developed some
features to cope with some of these adverse envi-
ronmental conditions. The polychaete worms, as
benthic fauna are biological parameters that indi-
cate the overall aquatic fertility of the sediments,
and the study of the polychaetes may be used as
baseline information to evaluate the demersal fish
stocks, as they form a major food item in the nutri-
tion of the bottom feeders. In addition, and more
importantly, they could be used as good biological
indicators of marine pollution. The polychaetes are
one of these sentinel organisms.

Seawater temperature, salinity, dissolved oxy-
gen and pH are important components of seawater
quality. Temperature is an important ecological fac-
tor; it controls the intensity of reproduction (the
quantity of gametes produced) (Mackie & Scloesse,
1996) and stimulates the process of gametogenesis
in correlation with other factors which leads to vari-
ations in pollutant accumulation rates (Tran et al.,
2001, 2002).

One of the major and direct impacts of global
warming is the rise in the surface water tempera-
ture. According to IPCC (I.P. on Climate change,
2007), global sea surface temperature is approxi-
mately 1°C higher now than 140 years ago, and
is one of the primary physical impacts of climate
change. Projections made in 2007 by the Interna-
tional Panel for Climate Change (IPCC) show that
sea surface temperatures will continue to increase
globally throughout the 21st century. This rise
leads to increase in the kinetic energy of the water
and consequently decreases the oxygen-holding
capacity of surface waters, which can decrease

productivity in surface waters already stressed by
biological oxygen demand (BOD) (Jacoby, 1990)
and this translates to decrease in dissolved oxy-
gen.

Temperature is one of the most sensitive physic-
ochemical parameters to natural changes, it varies
according to the outside temperature (air), seasons,
the geological nature of the soil and the depth of the
water level relative to the sediment surface (Rodier
et al., 2005), and anthropogenic changes such as
wastewater discharges. In the three study sites,
water thermal values did not show large variations.
In addition, the temperature variation has effects on
all other measured parameters such as pH, water
conductivity, and salinity level as it has an effect on
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all degradation reactions, mineralization of organic
matter and development. The increase in tempera-
ture favors, with other factors, primary productivity
and therefore an increase in food for aquatic fauna
(Bremond & Vuichard, 1973).

In the three study sites, water thermal values did
not show large variations. However, they revealed
the existence of a typically Mediterranean seasonal
cycle. The recorded pH values demonstrated a
slight water alkalinity and did not show a variation
between the three sites. Salinity largely determines
the biological processes, but also the chemical pro-
cesses in the water. It is also known by its influence
on the bioavailability of metals (Durou et al., 2005).
It determines the distribution and dynamics of
species (Verschuren et al., 2000; Llanso et al., 2002;
Teske & Wooldridge, 2003; Pasquaud, 2006). Salin-
ity showed the absence of a difference between the
seasons with a nonsignificant decrease in spring due
to the arrival of continental freshwater, which is
linked to the abundance of rains that dilute seawa-
ter. Our results seem to be in agreement with the
means observed in the Mediterranean Sea which are
in the order of 38-39 PSU (Aminot & Kéroual,
2004b) and with those measured on the Algerian
coasts, particularly on the Annaba Gulf (Hadjadji et
al., 2014; Ounissi et al., 2014; Kadri et al., 2015;
Amri et al., 2017b). Oxygen is only sparingly solu-
ble in water and therefore is less abundant in water
than in air. The solubility of oxygen, and hence its
availability as dissolved oxygen in water, decreases
with rising temperature and increasing salinity and
depth of the water body. Therefore organic pollu-
tants and aerobic organisms quickly deplete oxygen
in both water and sediment of the water body
(Chukwu, 2011). Very low oxygen concentrations
occur at the muddy bottom which serves as the
habitat of the benthic organisms. Compensatory
mechanisms have been evolved by these organisms
to anticipate and deal with this condition. In order
to survive, organisms adjust, regulate, tolerate and
resist these changes (Odiete, 1999). The marine An-
nelida, the polychaetes, have also developed some
features to cope with some of these adverse envi-
ronmental conditions. Ahamefula Nkwoji (2014)
has shown that adaptation to hypoxia was highest
in Nereis diversicolor, followed by Platynereis
dumerilii and least in Perinereis cultrifera. This
could be adaptation to their different ecological
niche. Perinereis cultrifera live son the surface of
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well ventilated sandy sediment, sheltered by the
rocks. Dissolved oxygen is consumed during the
heterotrophic oxidation of organic matter, and res-
piration by wildlife, and aquatic flora. The amount
of dissolved oxygen in water is necessary for
aquatic life and the oxidation of organic matter es-
sential for aquatic life as food (Tran et al., 2001,
2002). The dissolved oxygen of the sea water at site
3 revealed significantly lower mean values com-
pared to the other sites, particularly at summer, this
would probably be related to biodegradable organic
matter loads and to industrial discharges from the
petrochemical platform. These will undergo oxida-
tion whitch will result in increased consumption of
oxygen leading to a decrease in its content in water.
The results obtained of temperature, pH and the dis-
solved oxygen correspond with the work performed
in the northeastern coast of Algeria (Kadri et al.,
2015; Amri et al., 2017). Change in timing of
spawning and life cycle of Polychaetes in different
geographical regions could be a consequence of dif-
ferent local temperature regimes (Kristensen,
1984), In the case of the Atlantic Coast of El Jadida
(Morocco) differences in recruitment can be at-
tributed to climatic factors (Ait Alla et al., 2006).
The study of morphometric parameters, total
length, body weight and oocyte diameter was un-
dertaken for the species P. cultrifera in order to de-
tect a possible effect of pollution on the growth and
reproduction of this species. The responses of or-
ganisms to chemical contamination of the environ-
ment allow them, to a certain extent, to maintain or
restore a certain balance. These homeostatic mech-
anisms are reflected at the individual level by en-
ergy expenditure (Le Gal et al., 1997). A change in
growth may reflect a change in the amount of en-
ergy present in an organism and suggests a decrease
in energetic conversion to somatic tissues. Organ-
isms can increase their survival in an environment
polluted by development of resistance with an evo-
lutionary response to pollutants. However, the evo-
lution of this resistance is usually accompanied by
an expensive physical form, such as reduction of re-
production, growth (Wirgin & Waldman, 2004) or
reduced tolerance to various stressors (Meyer & De
Giulio, 2003). The monthly follow-up of the bio-
metric measurements shows a similar evolution in
the females of the three populations coming from
the three sites. The weight increases gradually at the
beginning of the study period, reaching a maximum
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Figures 17-19. Tests of correlation between four parameters (fresh weight, length, oocyte diameter and maturity index) at
El-Kala (Fig. 17), Annaba (Fig. 18) and Skikda (Fig. 19) study sites.

value during the two months April and May in the
three study sites. This increase is followed by a de-
crease in weight at the beginning of June. This cor-
responds with the sexual differentiation period. A
number of authors have observed that different
species of bivalves exposed to environmental pol-
lution may have slow growth (Peteiro et al., 2006).
It can also be associated with episodes of chemical
stress that involve a loss of weight of the tissues of
organisms, linked to a mobilization of energy re-
serves for their detoxification (Modassir & Ansari,
2000). Although the three populations show a sim-

ilar evolution, it is found that the values recorded
in the El-Kala (EI-Morjéne) females are always
high compared to those of the females of the two
other sites. This is in agreement with several studies
carried out on Nereis diversicolor showing that
these biometric parameters in worms coming from
the contaminated site never reached a higher value
than those of the healthy site. They also confirmed
that worms living in disturbed environments have
a reduced weight gain stage (Durou et al., 2007,
Durou et al., 2008; Gillet et al., 2008; Mouneyrac
et al., 2009). Like weight, the length of individuals
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increases gradually at the beginning of the study pe-
riod, reaching a maximum value during the months
of April and May in all sites followed by a decrease
in early June. These results align with those of
monthly weight changes. Although, the three pop-
ulations show a similar evolution, it is found that
the values recorded in the females of El Kala (EI-
Mordjéne) are still high than those recorded in the
females of the two sites Annaba (Saint Cloud) and
Skikda (Stora). The individuals collected at Skikda
coast (contaminated site) are smaller than those at
El-Kala coast (healthy site) and the difference be-
tween the two populations is very highly signifi-
cant. Dutrieux et al., (1989) indicate that chronic
exposure to organic pollutants of a Nerididae
species, Nereis, results in a decrease in average size
as a function of the pollution gradient.

A study on the effect of Nereis diversicolor re-
sistance to metals showed a significant decrease in
growth factors compared to the non-resistant pop-
ulation (Pook et al., 2009) than in P. cultrifera and
other species of Nereidae, the biometric character-
istics strongly differ depending on the geographical
location (Rouabah & Scaps, 2003; Cinar & Ergen,
2005, Cinar & Altun, 2007, Rouhi et al., 2008).

Comparing with data from the literature, the bio-
metric parameters varied according to the geo-
graphical populations. However, in the Atlantic
French coast (Cazaux, 1965) the adult individuals
have a weight of 3 g. In the same way, in the north
Sea (Scaps et al., 1992), it varies from 3 to 6.6 g,
whereas in Tunisia (Zghal & Ben Amor, 1989), the
specimens have an average weight of 0.24 g, and
for the populations of El Jadida in Morocco the
weight of adult individuals varies between 0.11 and
0.65 g (Rouhi et al., 2008). According to Durchon
(1957), this polymorphism could have two origins:
either internal and related to the genetics or the hor-
mones, or external and depending on the abiotic
factors (temperature, salinity, food, etc.). Several
authors clarified the variability of the dimensional
structure according to the bathymetric level. Scaps
et al. (1992) revealed that the large sexually differ-
entiated individuals are dominant in the bottom of
the zone with the algae Fucus serratus; whereas at
the top it is the individuals of small size which dom-
inate. The same observation was made by Miron &
Desrosiers (1990) for Nereis virens.

Sexually differentiated individuals for the three
populations from the three study sites were ob-
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served each month of sampling. Their percentage
was the highest during the study period until May,
indicating that the majority of them was sexually
mature, and about to reproduce; however, the sex-
ually undifferentiated individuals were very marked
from June to July when there is also a clear decrease
in the population of mature age during these two
months, and this is necessarily the result of the
death of the parents.

Our results are in agreement with the work on
P. cultrifera present in Algeria (Rouabah & Scaps,
2003, Rouabah et al., 2008). According to these
authors, the increase in the proportion of individ-
uals of both sexes corresponds to the period OF
the most intense reproduction, as well as the sex-
ual differentiation of second-generation individ-
uals. If accompanied by an increase in the
proportion of immature individuals, it reflects the
emergence of a new generation of undifferenti-
ated individuals.

The sex ratio determined for the two populations
of P. cultrifera reveals that females are more nu-
merous than males. This result goes in the same di-
rection as Nereidae (Mouneyrac et al., 2012;
Mettam et al., 1982; Durou et al., 2008; Mouneyrac
et al., 2009), probably due to the fact that it is very
difficult to identify spermatic plaques (Rouabah &
Scaps, 2003; Rouabah et al., 2008); However, our
result contradicts that of Prevedelli & Simonini
(2003), who reported that the sex ratio in a popula-
tion of P. cultrifera taken from a bracket (Venice la-
goon) is in balance.

The biometric study of oocyte growth of three
populations of P. cultrifera showed that oocyte
growth is asynchronous, and the reproduction is
more intense from March to May; however the
oocytes take 9 to 12 months to mature and their di-
ameter at maturity is approximately 200 pm; con-
trary to what is commonly admitted, we found
different diameters in the same oocytes; moreover,
in related species such as Platynereis dumerilii
(Fischer & Dorresteijn, 2004) and Nereis virens
(Hoeger et al., 1999), oocyte growth is syn-
chronous. Our results confirm previous observa-
tions on the mode of reproduction of P. cultrifera
in the east coast of Algeria (Daas et al., 2011), who
found that individuals assigned to P. cultrifera re-
produce exclusively by epitoky. These results are in
disagreement with those reported from the bay of
Algiers (Rouabah et al., 2008) indicating that repro-
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duction is of an atokous type. The mode of repro-
duction of P.cultrifera has been examined at other
sites in the Mediterranean Sea by other authors. Re-
production is reported to be of an epitokous type at
Salammbo6 near Tunis (Zghal & Ben Amor, 1989)
and in the Venice lagoon (Ansaloni et al., 1986),
whereas it of an atokous type in the area of Mar-
seille (Perés & Rancurel, 1948). Mature individuals
were found in May at Salammbd (Zghal & Ben
Amor, 1989) and in March in the Venice lagoon
(Ansaloni et al., 1986).

Our results are in agreement with Rouabah &
Scaps (2003) who determined the ovogenetic cycle
of P cultrifera sampled from Saint-Cloud
(Annaba). They confirmed that the oocyte growth
spreads over a period of 16 months, and that the
breeding takes place in late April early May. The
same study has highlighted two groups of females
that are present during ovogenesis, one carrying a
large oocyte diameter, and the other a small diame-
ter. This last observation was confirmed by
Rouabah et al. (2008) on two populations, from
Pointe Pescade and Figuier (Bay of Algiers). They
also demonstrated that the maturity of oocytes takes
place after 9 to 12 months from the recruitment of
ovogonies.

Perinereis cultrifera is a semelparous species,
the reproduction leads to the death of the individu-
als after liberation of the gametes, however one
notes that in the month of June there is still a group
of females bearing a large diameter, which de-
creases during July, which does not suggest that it
is a new cohort of females in process of ovogenesis.
This remark was observed by Golding & Yuwono
(1994) in N. diversicolor which suggests that there
are individuals who fail to reproduce, in which the
oviposition has been blocked. This has been ex-
plained by the presence of a second oviposition, and
is in agreement with Rouabah et al. (2008) who
demonstrated that reproduction in P, cultrifera from
the bay of Algiers takes place throughout the year,
but it is more intense from the month of March to
May.

In Nereis virens, oogenesis takes place in almost
a year and a half] in three phases: a first phase of
slow growth, an intermediate phase during which
the oocytes increase in size by about six times, and
a last phase during which the oocytes will reach
their final stage of development (Hoeger et al.,
1999); likewise according to Zribi et al. (2007), oo-

genesis occurs in the same way in most Nereidae;
in P. macropus, three categories of oocytes have
been classified according to their size, that of pre-
genesis, that of vitello genesis, during which the
oocytes have a markedly large size; and that at the
final stage of maturity where the oocytes reach their
maximum diameter.

It should be noted that the oocyte diameter
recorded in the females of the two sites Annaba
(Saint-Cloud) and Skikda (bikini) was significantly
lower than that recorded in the females of El-Kala,
this translates into the storage of reserves during the
process of oogenesis that seems inferior in this pop-
ulation. However, while in June and July, the result
is likely due to the appearance of females of the
new generation undergoing oogenesis. Our results
are not in agreement with those of El-Barhoumi et
al. (2013) and Prevedelli et al. (2007) who showed
that the gonadal activity was maximal during sum-
mer period in both sexes of another Polychaete
Marphysa sanguinea in the Lagoon of Tunis.

In addition, observations on the benthic phase
of the life cycle of P. cultrifera have been carried
out in the English Channel and the Atlantic coast of
France. Reproduction in the English Channel (Her-
pin, 1925) and the Arcachon basin (Cazaux, 1965)
is of an epitokous type and individuals assigned to
P. cultrifera have 3-year life span. In the Arcachon
basin, the reproductive season is short and spawn-
ing occurs from late April to early June (Cazaux,
1965). P. cultrifera is widely distributed along the
Mediterranean coast and frequently used in marine
pollution studies (Scaps et al., 2000; Guemouda et
al., 2014). In the English Channel specific observa-
tions made by (Herpin, 1925) indicated that repro-
duction takes place from May to June and
sometimes July. However, we also found a rela-
tively high proportion of females containing mature
oocytes from March to April; so, we can consider
that the reproductive period extends from January
to April. Therefore, the spawning period may
change in different years or sites because gameto-
genesis and gamete release could be influenced by
temperature, as in a number of polychaetes (Olive
et al., 1997; Gibbs, 1968; Giangrande & Petraroli,
1991; Predevelli, 1994; Olive, 1995).

Seasonal variations of SMI in females in both
sites, usually range from 1.5 and 4 corresponding
to the presence of worms in several sexual maturity
stage (indifferent, proliferation, vitellogenesis and
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mature). According to Durou & Mouneyrac (2007),
several consistent differences in SMI, energy re-
serves and hormone levels in Nereis diversicolor
were observed between worms according to their
origin; the multi-polluted Seine and the compara-
tively clean Authie estuaries; SMI was usually
ranged from 2 and 3 in this species. The presence
of estrogen receptor in eleocytes supports a poten-
tial role for 17pB-estradiol in vitellogenesis (Garcia-
Alonso & Rebscher, 2005). Then, it must be
hypothesized that steroid hormones in N. diversi-
color have to be synthesized at the beginning of
oocyte development; at later stages of this process
steroid hormone levels may decrease due to a shift
in the steroidogenesis, perhaps similar to that shown
in lower vertebrates (Nagahama, 1987).
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