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Abstract

Pristinella jenkinae (Stephenson, 1931) is a freshwater cosmopolitan oligochaete. This
species was found during limnological investigation in two rivers alongside Iranian
coasts and has not been previously reported from Iran’s freshwater fauna and Southern
Caspian Sea basin. The specimens of P. jenkinae were collected bimonthly from
Cheshmehkileh and Sardabrood rivers and estuaries (river mouth) using a Van Veen
grab (0.03 m?) and Surber (0.1 m?, 0.2 mm-mesh size) samplers at three stations in each
estuary (S1: riverine, S2: estuary and S3: marine ecosystem) with three replicates from
November 2014 through September 2015. Results of temporal distribution showed that
the highest and lowest density and biomass of this species were in January (102.3+68.3
ind m? and 0.075+0.034g m) and in September (24.4+12.3 ind m™ and 0.020+0.005g
m™), respectively which were significantly different (N=57, t=0.99, p<0.05). Spatial
distribution of P. jenkinae among sampling stations (S1, S2 and S3) showed significant
differences (N=57, t=0.99, p<0.05). Freshwater stations (S1) within the river showed
higher density and biomass (112.1+64.8 ind m? and 0.082+0.035g m™) than semi-
brackish stations (S2) within the estuary (18.8+10.3 ind m? and 0.013+0.005g m™).
Semi-brackish stations (S2) showed higher density and biomass than brackish stations
(S3) within the sea (0+0 ind m? and 0+0g m™). Density and biomass of this species in
Cheshmehkileh River and estuary was more than Sardabrood. A significant correlation
(N=57, r=Pearson, p<0.05) between density and biomass of P. jenkinae with
environmental variables was found.
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Introduction

Oligochaete fauna form a significant
part of zoobenthos in freshwater and
inland water bodies and are important
food sources for benthophagous fish
(Baturina, 2007). Aquatic oligochaetes
are members of a main group of
macroinvertebrates and include about
1,100 species of 13 families with
worldwide distribution (Martin et al.,
2008). These species commonly inhabit
within sediments of rivers, streams,
lakes, marshes, ponds, springs and
ground-waters (Alves and Lucca, 2000;
Wetzel et al., 2000; Collado and
Schmelz, 2001; Montanholi-Martins
and Takeda, 2001) showing that these
species have been adapted to a wide
variety of habitats and environments,
such as freshwater, brackish or
seawater. In  addition,  certain
oligochaete species are abundant in
organically polluted waters (Jabtonska
and Pesi¢, 2006) and they have been
used to monitor water pollution in
rivers and streams (Lin and Yo, 2008).
Oligochaetes are good indicators of
environmental variation because of
their easy sample collection and taxa
identification, relatively long life cycle,
limited migration ability, and different
sensitivity to different environmental
conditions (Liu et al., 2004). Most
species of Naidid worms are
cosmopolitan, occurring throughout the
world (Wetzel et al., 2000) and due to
their great ability to swim, they may
have eyes, and are capable of exploring
benthic habitats (Erséus and
Gustarsson, 2002) such as aquatic

macrophytes (Alves and Gorni, 2007),
mosses and liverworts (Gorni and
Alves, 2007), filamentous algae
(Armendariz, 2000), sponges (Corbi et
al., 2005), odonate larvae (Corbi et al.,
2004) and gastropod mollusks (Gorni
and Alves, 2006). Naididae is a large
group of freshwater oligochaete
(Milbrink 1987, Chapman, 2001,
Smutnd et al., 2008), while 238 species
are known worldwide (Martin et al.,
2008) of which approximately 36
species belong to the genus Pristina
(Timm and Erséus, 2021).
Cheshmehkilen of Tonekabon and
Sardabrood of Chalus Rivers are the
most important, mountainous and
permanent rivers running from high
elevation to the sea (southern waters of
Caspian Sea). These rivers are
important for reproductive migration of
two indigenous valuable fisheries
species Salmo caspius (Caspian trout)
and Rutilus frisii (Caspian Kutum) as
well as other migratory fish (Khara,
2016). For these reasons, estuary of
these rivers is regarded as a ‘Protected
Area’ and 1is conserved by the
Department of Environment of Iran
(DOE, 1996).

P. jenkinae is a cosmopolitan
species, occurring throughout the
world, such as Europe, South and North
America, Africa, Asia, New Zealand
and Australia (Pinder and Brinkhurst,
1994). Among studies on aquatic
macroinvertebrate fauna of Iran,
oligochaetes have been identified at
family level, just a few studies
identified at species level (Stephenson,
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1920; Egglishaw, 1980; Pourang, 1996;
Aliyev and Ahmadi, 2010; Ahmadi et
al., 2011; 2012; Ardalan et al., 2011;
Basim et al., 2012; Jabtofiska and Pesi¢,
2014; Nazarhaghighi et al., 2014; Tavol
Koteri et al., 2018, 2019). Based on
these studies, currently 25 species of
aquatic oligochaetes have been reported
from inland waters of Iran of which 13
species belong to family Naididae and
no species from the genus Pristina.

The aim of this study was to report
Pristinella jenkinae from Iran for the
first time together with its distribution
pattern and density and its correlations
with some abiotic factors of their
environments.

Materials and methods

Study area

Cheshmehkileh is a mountainous and
permanent river in north of Iran
(Mazandaran Province). The river
source is in Alamot region (northern
central Alborz mountains) with total
length of approximately 80 km, average
annual discharge of 55 million m®,
average slop of 6.5% and basin area of
1200 km?, entering the Caspian Sea in
Tonekabon city. The Sardabrood is
another mountainous and permanent
river in north of Iran (Mazandaran
Province), originating in the Kelardasht
region (north central Alborz mountains)
with total length of approximately 67
km, average annual discharge of 100
million m®, average slop of 6.4% and
basin area of 450 km?, discharging into
the Caspian Sea in Chalus city (Afshin,
1994).

Sampling

This study was carried out between
November 2014 and September 2015
and random sampling was carried out at
six stations with three replicates for
each bimonthly sampling along each
river (Fig. 1 and Table 1). Sampling
was done using 0.03 m” Van Veen grab
for soft sediments at the estuary area
and for sampling at inner parts of the
river with pebbles a 0.1 m? and 0.2 mm-
mesh size Surber sampler was applied.
In total, 216 sediment samples (72
biotic and 144 abiotic) were collected.
Samples were fixed in situ using a 5%
formalin solution. In the laboratory,
sediments were sieved through mesh
sizes of 1, 0.5 and 0.25 mm and
specimens were preserved in 70%
ethanol and then sorted and counted
under a stereomicroscope (Nikon
SMZ800, Japan) and eventually the wet
weight of worms was measured using a
digital balance (0.0001 g, Mettler
Toledo, AB204-N). For identification at
species level, worm specimens were
mounted on glass slides in Amman’s
lactophenol clearing agent (Smith,
2001) and covered by a coverslip and
left for several hours to a day or two,
and then for observation of setae and
other details, a microscope was used
(Nikon E200 and Nikon DIGTAL
SIGHT DS Camera, Japan). The main
identification keys used were: Brinkhurst
(1971a and b, Brinkhurst and Wetzel
(1984), Brinkhurst (1986), Pinder and
Brinkhurst (1994), Smith (2001), Arslan
and Sahin (2003), Krieger and Stearns
(2010), and Pinder (2010).
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Figure 1: Study areas and sampling stations in Cheshmehkileh and Sardabrood estuaries, Caspian
Sea basin (2014-15).

Table 1: Characteristics of sampling stations, Caspian Sea basin (2014-15).

. . . . . Water Substratum Average
Station Latitude Longitude Sampling location type nature depth (m)
. . ) Gravel, Sand, 0.45
s1 N 36 "49 E 50 §2 Cheshmehkileh Ereshwater silt, Clay,
63 523 RlVer Vegeta‘“on
$2 N 36°49'  E 50°53' Cheshmehkileh Semi- Gravel, Sand, 0.86
20.0" 9.3" estuary brackish Silt
N 36° 49' E 50° 53' . . . 7.08
S3 35 9" 24 6" Marine Brackish  Sand, Silt, Clay
o o Gravel, Sand, 0.5
S1 N 36 .A.” ESl %3 Sardabrood River  Freshwater Silt, Clay,
11.9 55.4 Vegetation
N36°41' E51°24 Semi- Gravel, Sand, 0.88
52 222" g7+ Sardabroodeswary ooy silt
N36°41' ES51°24 . . . 8.08
S3 399" 26.3" Marine Brackish  Sand, Silt, Clay
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In this study environmental variables,
such as temperature and salinity in
water and total organic matter (TOM)
and grain size in sediments were
measured. Alongside sampling biota,
three sediment replicates were taken at
each station for grain size and TOM
analysis.

Organic  matter  content  was
measured by the weight lost during
ashing; the sediment samples were

oven-dried at 80°C for 24h, weighed to
the nearest 1 mg, ashed at 550°¢ for 2h
and reweighted, and the weight was
expressed as the percentage of the total
weight (Wildsmith et al., 2011).

Grain size was analyzed by dry
mechanical separation through a
column of standard sieves of different
mesh sizes, corresponding to classes
described by Wentworth (1922), gravel
(>2 mm), sand (2-0.063 mm), silt
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(0.063-0.004 mm) and clay (0.004-
0.0002 mm). Particle sizes smaller than
0.063 mm (silt and clay) were measured
by hydrometery (Densimetry) method.
The relative content of different grain-
size fractions was expressed as a
percentage of total sample weight.
During  sampling  period, water
temperature and salinity were measured
in situ by multimeter portable HACH -
HQ40d model.

The  statistical  analysis  was
performed by SPSS 22. Prior to the
analysis, data were tested for normality
using Kolmogorov-Smirnov test. If the

Kingdom: Animalia
Phylum: Annelida Lamarck 1802
Class: Clitellata
Subclass: Oligochaeta Grube 1850

Order: Haplotaxida Brinkhurst 1971
Family: Naididae Ehrenberg 1828

data distribution were normal, three-
way analysis of variance (ANOVA) test
was used to determine the relationship
between the environmental and
biological variables. Duncan’s test
(p<0.05) was then used to assess the
significant differences among the
stations and months of sampling. Also
relationships  between density and
biomass of P. jenkinae and
environmental variables were estimated
using a Pearson’s correlation coefficient
(p<0.05).

Results
The systematic account and description
for the described species is as follows:

Subfamily: Pristininae Lastockin 1921
Genus: Pristinella Brinkrust 1985
Species: Pristinella jenkinae (Stephenson 1931)

General description

Prostomium is without proboscis and
most specimens have no eyes. Worms
are olive gray or dark yellow with
brown spots (Fig. 2A). Worms's body
length was 1.6 to 2.6 mm and 0.2 to 0.5
mm in diameter with 14-33 segments.
Dorsal chaetae beginning in segment Il
(Fig. 2B), hairs 1-2 per dorsal bundle
(most worms have 1 hair per bundle),
120-250 pm long, needles 1-2 per
dorsal bundle (most worms have 1
needle per bundle, Fig. 2E, F). The
needles with two long parallel or

slightly divergent teeth, distal (upper)
tooth longer than proximal (lower)
tooth, 38-85 pm long, with a distal
nodulus (Fig. 2G). Ventral chaetae 4-5
per bundle in anterior segments, bifid
crotchets, all teeth approximately equal
in length, 30-75 um long, with a median
or slightly distal nodulus (Fig. 2D),
Posterior Ventral chaetae 2-3 per
bundle (Fig. 2C). No sexually active
individuals were detected during study
period.
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Figure 2: Pristinella jenkinae, Caspian Sea basin (2014-15). A, General body form; B, Anterior end
of the body (a: Prostomium; b: Mouth; c¢c: Ventral bundle; d: Dorsal hair chaetae
beginning in segment 11); C and D, Dorsal chaeta bundle (1 hair and 1 needle); E, Dorsal
chaeta bundle (2 hairs and 2 needles); F, Ventral chaeta bundle in anterior part of body;
G, Ventral chaeta bundle in posterior part of body.

Cocoon is a cover or bag containing
worm eggs and embryos that is a result
of sexual reproduction in the worms
(Fig. 3). The cocoons usually contain
several eggs and embryos, in most
cases, only one or two embryos survive
and come out of the cocoon as young
worms. Cocoons are considered as a
protective layer for eggs and embryos
(Smith, 2001).

In total, 303 individuals of P. jenkinae
were examined. During the present
study, this species occurred in stations 1

(river) and 2 (estuary) but was absent in
station 3 (marine) in both sampling
areas. Density and biomass of this
species among sampling months and
stations were significantly different
(N=57, t=0.99, p<0.05), as the highest
average density and biomass were
observed in Cheshmehkileh (station 1)
in November (231.6+94.3 ind m™ and
0.170+0.05g m™), respectively.
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Figure 3: Oligochaeta cocoons with eggs and embryos, Caspian Sea basin (2014-15).

While the lowest of those values were
observed in all sampling months at

stations 3 in both sampling areas (0+0
ind m? and 0+0 g m™, Table 2).

Table 2: Density (ind m?) and biomass (g m™?) of Pristinella jenkinae (average+SE), Caspian Sea
basin (2014-15).

Cheshmehkileh Sardabrood

S1 S2 S3 S1 S2 S3
Density  a231.6+94.3 A al7.6+5.3C - b1254+32.1B a23.5+5.8C -
November  Bjomass  a0.170+0.05 A a0.013+0.003 C - ab0.092+0.023 B  a0.021+0.002 C -
Density b 184.8+69.3 A a23.5+8.8B - al70.3£70.1 A a30.7+9.4 B -
January Biomass b 0.140+0.034 A a0.018+0.005 B - a0.115+0.034 A a0.027+0.004 B -
Density  d 100.1£33.2 A - - C87.3+x203A a16.6+5.5B -
March Biomass ¢ 0.081+0.017 A - - ¢0.066+£0.011 A a0.011+0.002 B -
Density ¢ 154+44.9 A al2.8+4.4C - b118.6£325B - -
May Biomass ¢ 0.101+0.034 A a0.008+0.001 B - bc0.087+0.017 A - -
Density  d81+£26.2 A - - d27.1+6.6B - -
July Biomass  d0.055+0.011A - - d0.025+0.003 B - -
Density e 31.7410.6 A - - d33.648.7A a8+2.02 A -
September  Bjomass e 0.029+0.004A - - d0.027+0.003 A  a0.005+0.001 B -
Annual Density ~ 130.53+32.8 A 17.96+6.2 C - 93.71x20.1B 19.7+4.95C -
average Biomass  0.096+0.017 A 0.012+0.003 B - 0.068+0.011 A 0.015+0.002 B -

Different letters indicate significant differences among averages (p<0.05). Capital letters indicate
variation among stations (horizontal), small letters indicate variation among months (vertical).

jenkinae

differences

Spatial distribution of P.

among sampling stations (S1, S2 and
S3) showed significant

(N=57, 1=0.99, p<0.05). In

both

sampling areas, freshwater stations (S1)

within the river (112.1+64.8 ind m™ and
0.082+0.035g m?)
average density and biomass than the
semi-brackish station (S2) within the

estuary

(18.8+10.3

ind m?

showed higher

and
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0.013+0.005g m?).  Semi-brackish
station (S2) showed higher average
density and biomass than the brackish
stations (S3) within the sea (0+0 ind m™
and 0+0g m™, Fig. 4). In all sampling
months stations S1 had higher density
and biomass than stations S2 and S3.
No significant difference was observed

between the annual average density
and biomass of this species for the two
study areas (Table 2), density and
biomass of this  species in
Cheshmehkileh area (74.24+19.5 ind m
2 and 0.054+0.01g m™) was higher than
that in Sardabrood (56.7+12.5 ind m™
and 0.041+0.006g m™).
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Figure 4: Annual average (£SE) Density (A) and biomass (B) of Pristinella jenkinae in sampling
stations, Caspian Sea basin (2014-15). Different letters indicate significant differences

among averages (p<0.05).

Temporal distribution of this worm was
significantly different among sampling
months (N=57, t=0.99, p<0.05), as the
highest average density and biomass of
this worm were observed in January as
102.3+68.3 ind m? and 0.075+0.034g
m2, respectively. While, the lowest of
those values were in September as
24.4+12.3 ind m™ and 0.020+0.005g m’
2 (Fig. 5). The highest average density
and biomass of this species in
Cheshmehkileh area were in November
and January in Sardabrood area and the
lowest values in both areas were
observed in September (Table 2). A
significant correlation (N=57,
r=Pearson, p<0.05) between density and
biomass of P. jenkinae  with
environmental variables was found
(Table 3). A positive correlation was

found between this species and gravel,
silt and clay, while its correlations with
temperature, salinity, TOM and sand
were negative. The lowest and highest
average water temperature  were
recorded as 10.2+0.1°C and 30+0.1°C in
Cheshmehkileh (station 1) in March
and Sardabrood (station 3) in July,
respectively (Fig. 6).

The lowest average salinity (0£0 ppt)
was observed in all sampling months in
stations 1 (fresh water) in both rivers
and the highest average value
(11.61+£0.01 ppt) was recorded in
Sardabrood in station 3 (brackish) in
July (Fig. 7). According to the annual
average, salinity level of Sardabrood
area (5.77+4.71 ppt) was slightly higher
than that in the Cheshmehkileh area
(5.64+4.39 ppt).
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Figure 5: Density (C) and biomass (D) average (£SE) of Pristinella jenkinae among sampling
months, Caspian Sea basin (2014-15). Different letters indicate significant differences
among averages (p<0.05).

Table 3: Pearson’s correlation coefficient between density and biomass of Pristinella jenkinae and

environmental variables, Caspian Sea basin (2014-15)

Temperature Salinity TOM Gravel Sand Silt Clay
Density -0.455 " -0.615" -0.078 0.410 " -0.522 " 0.303 0.381
Biomass -0.413" -0.660 -0.094 0.400 " -0.509 " 0.299 0.333
" Correlation is significant at 0.05 level.
s ™
B November MOMJanuary BMarch BMay BJuly HSeptember
g
£
2
g
=9
=
£
S1 S2 S3 S1 S2 S3
Cheshmehkileh Sardabrood
\ V,

Figure 6: Annual average water temperature in sampling stations, Caspian Sea basin (2014-15).
Different letters indicate significant differences among averages (p<0.05).

Also the highest average percentage of
total organic matter (TOM, 3.97+0.005
%) was measured in May in Sardabrood
(station 3) and the lowest average value
(1£0.008 %) was in January in
Cheshmehkileh (station 2, Fig. 8).
According to the annual average, TOM
percentage  of  Sardabrood area
(2.20£0.87 %) was higher than that in
Cheshmehkileh area (1.94+0.89 %).

According to the results of sediment
grain size in both estuaries, two types of
coarse grain sediment (gravel) and fine
grain (sand, silt and clay) were
observed (Table 4). Sediment texture in
river (S1) and river mouth (S2) sations
were gravely sand and in marine sations
(S3) was silty sand.
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Figure 7: Annual average water salinity in sampling stations, Caspian Sea basin (2014-15).
Different letters indicate significant differences among averages (p<0.05).
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Figure 8: Annual average of TOM percentage in sampling stations, Caspian Sea basin (2014-15).
Different letters indicate significant differences among averages (p<0.05).

Table 4: Average sediment grain size among sampling months and stations in the studied estuaries,
Caspian Sea basin (2014-15).

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

Station Month Gravel Sand Silt Clay
s1 s2 S3 SI S2 S3 SI S2 S3 SI S2 S3
November 365 308 O 466 634 84 114 4 97 52 16 62
January 355 354 0 535 571 84 72 46 107 37 28 52
Cheshmehkilen ~ March 338 287 0 477 606 757 111 7.3 164 74 32 76
May 217 185 0 604 75 773 116 42 142 63 22 84
Juy 003 006 0 732 862 428 184 9 384 83 47 187
September 13.8 9.8 0 602 75 797 165 113 128 94 39 74
November 7.1 324 0 664 618 797 173 34 142 92 18 58
January 218 148 0 562 775 82 15 5 93 68 27 53
March 173 289 0 53 595 732 181 7.6 191 115 38 76
Sardabrood May 146 231 0 702 692 766 101 52 14 5 24 95
July 4 216 0 631 733 864 226 37 93 21 13 42
September 6.4 188 0 596 724 79 217 57 136 121 29 7.3
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Discussion

During one year sampling in
Cheshmehkileh and Sardabrood
estuary, 303 individuals of Pristinella
jenkinae were discovered. This paper
updated a short checklist of Iranian
aquatic oligochaetes to 26 species
(Naididae to 13 species plus 1 species
for Pristinella genus). In Table 5, the
identified species of Naididae from Iran
until now are listed including P.
jenkinae which is new record for Iran.
In this study, P. jenkinae was

permanent inhabitant during all
sampling periods.

Approximately 14 species belong to the
genus Pristinella are known worldwide,
so far. P. jenkinae is clearly separated
from other species of Pristinella by the
dorsal needle setae characteristic (type,
number, size and form). Dorsal bifid
needles in P. jenkinae have long
parallel teeth while in other species (P.
amphibiota, P. rosea and P. sima) have
short and not parallel teeth (Arslan and
Sahin, 2003 and 2004).

Table 5: List of identified Naididae species from Iran.

Species

Reference

1  Aulophorus furcatus Oken 1815
Chaetogaster diastrophus Gruithuisen 1828

3  Chaetogaster limnaei Baer 1827

4 Dero dorsalis Ferroniere 1899

5 Dero digitata Maller, 1773

6  Nais communis Piguet 1906

7 Nais pardalis Piguet 1906

8  Ophidonais serpentina Mller 1774

9  Pristina breviseta Bourne 1891

10 Stylaria lacustris Linnaeus, 1767

11 Slavina appendiculata dUdekem 1855
12 Nais variabilis Piguet 1906

13 Nais elinguis Mller 1773

14  Pristinella jenkinae Stephenson 1931

Ahmadi et al. 2012
Stephenson, 1920

Stephenson, 1920, Jabtonska and Pesic,
2014

Jabtonska and Pesi¢, 2014
Nazarhaghighi et al., 2014
Stephenson, 1920

Nazarhaghighi et al., 2014

Ardalan et al., 2011, Nazarhaghighi et al.,
2014

Jablonska and Pesi¢ 2014

Stephenson, 1920, Aliyev and Ahmadi,
2010, Ahmadi et al., 2012, Nazarhaghighi et
al., 2014

Nazarhaghighi et al., 2014
Tavol Koteri et al., 2018
Tavol Koteri et al., 2019
Current study

According to the results of this study,
P. jenkinae strongly peaked at initial
cold period (from November to May)
and dropped at the time of summer
solstice, whereas density and biomass
of this species show a significant

negative correlation (N=57, r= Pearson,
p<0.05) with water temperature (Table
3); also the peak (higher mean
numbers) appeared to be linked to the
rather instable river flow regime (the
first spate sampled) and the time of
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strong discharge fluctuations. This
temporal pattern was similar to
observation on the Kodungaiyur and
Pandinellur Swamps in cold period
from October to February (Naveed,
2012).

However higher density of P.
jenkinae from November to March
were initially sustained by asexual
reproduction (accelerated paratomy),
similar to other Naididae species
(Loden, 1981). The shifts of asexual to
sexual reproduction require cocoon
production that allows survival of the
eggs and embryos during adverse
environmental conditions and remain
throughout the year until December
(Learner et al., 1978; Loden, 1981).
Coincidence  of  active  mature
individuals of P. jenkinae in winter and
spring population release might also be
explained as  dispersal strategy.
Therefore P. jenkinae might be
classified as species intolerant of "late
spring-summer-early autumn"
conditions in  Cheshmehkilen and
Sardabrood rivers. According to
Learner et al. (1978), Paoletti and
Sambugar (1984), Juget and Lafont
(1994) and Martinez-Ansemil and
Collado (1996) spring is a key period in
the life cycle of naidid in running
waters. In the present study, dispersal
strategy was observed among sampling
months from November to May.

In the present study, P. jenkinae was
observed in both freshwater river
(salinity 0 ppt) and semi-brackish
(salinity 5-8 ppt) ecosystems indicating
that this species is to some extent
euryhaline. But it was not observed in

marine brackish ecosystem (salinity 9-
115 ppt). The limiting factor for
distribution of this species in marine
environment may be salinity intolerance
of more than 8 ppt or unwillingness to
live in fine grained silty sand substrates.
Most naidid species have clearly
adapted to a wide range of
environmental conditions (Brinkhurst
and Jamieson, 1971). The naidid
oligochaete P. jenkinae was only
observed in stations 1 (freshwater river)
and 2 (semi-brackish water), higher in
freshwater than semi-brackish water
ecosystems (N=57, t=0.99, p<0.05), in
both Cheshmehkileh and Sardabrood
rivers. While commonly found around
the world in freshwater river, tidal
freshwater and sometimes in brackish
environments (Arslan and Sahin, 2003;
Arslan et al., 2014; Cui et al., 2015).
However, P. jenkinae has been found in
river mouth-brackish water habitat
(Yildiz et al., 2007). P. jenkinae is a
cosmopolitan species, occurring
throughout the world, such as Europe,
South and North America, Africa, Asia,
New Zealand and Australia (Pinder and
Brinkhurst, 1994).
Martinovic-Vitanovic et al. (2007)
concluded that the main factors
determining Naididae distribution and
abundance are nature of substrate and
presence and type of vegetation, as
periphyton offering shelter for their
populations.  Pascar-Gluzman  and
Dimentman (1984) reported that P.
jenkinae as a euryoeic and eurythermal
species and it was collected from a
wide range of current velocities and
within a wide temperature range. Arslan
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and Sahin (2003) also reported that P.
jenkinae was collected from muddy,
sandy, gravel substratum and among
thick vegetation.

Most naidid species are grazers,
positively correlated with periphyton
(Schenkova and Helesic, 2006).
Therefore, abundance of the Naididae
depends on the amount of periphyton
(Baturina et al., 2014). Naidids occur
mainly among the filamentous algae
and aquatic vegetation (Naidu 2005),
and the absence of naidids at
Kodungaiyur swamp may therefore be
due to poor vegetation (Naveed, 2012).
Maciorowski et al. (1977) and Harman
et al. (1979) reported that P. jenkinae is
tolerant to severe pollution and have
been found in a stream degraded by
industrial effluents. Likewise, other
studies found that this species was
abundant in stony bed, muddy
substratum,  organically  enriched
streams and lakes in Turkey (Arslan
and Sahin, 2006; Camur-Elipek et al.,
2006; Akbulut et al., 2009). Arslan et
al. (2014) reported high naidid
abundance in Catoren Dam Lake,
maybe partly due to their rich littoral
vegetation.

Substrates in  both rivers at
Freshwater sampling stations (S1) were
covered with vegetation in littoral and
some central zone, but in brackish
stations substrate (S2 and S3)
vegetation cover was absent. Density
and biomass of P. jenkinae among
sampling stations was significantly
deferent (N=57, t=0.99, p<0.05), as
density and biomass of this species in

freshwater stations (S1) was higher than
brackish stations (S2 and S3, Table 2
and Fig. 4). According to the results of
above  mentioned  studies  about
dependency of naidid species to
vegetation habitats (Naidu, 2005;
Naveed, 2012; Arslan et al., 2014), the
main reason of density and biomass
increase of this species in freshwater
sampling stations was presence of
vegetation habitats and its decrease in
brackish water stations was due to
absence of this habitat. Possibly, for
this is reason, P. jenkinae showed
significant negative correlation (N=57,
r=Pearson, p<0.05) with salinity (Table
3).

Naidid are eurytolerant oligochaetes
and are numerically dominant and
common oligochaetes in rivers and
small estuaries. Beyond being the most
abundant in  Cheshmehkileh and
Sardabrood rivers, P. jenkinae was also
the most responsive organism to the
environmental differences between the
two rivers and throughout the year. The
lower abundance of P. jenkinae in
lower reaches of both estuaries was
indicative of reduced environmental
stressors in  the lower reaches.
Moreover, P. jenkinae as a swimming
naidid occurred in superficial gravely
sand sediments of Cheshmehkileh and
Sardabrood estuaries. As was expected,
the silt-clay composition of the
sediments of Cheshmehkileh and
Sardabrood estuaries were noticeably
changed during the study period
especially in July and May and silt-clay
percentages of Cheshmehkileh were
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approximately twice as the amount
found in Sardabrood. The trend of more
silts and clays in the lower reaches was
also noted by Lerberg (1997) and is
thought to be a function of particle
settling rate. Absence of detectable
patterns in temporal and spatial
measures of TOM of Cheshmehkileh
and Sardabrood estuaries, similar to
Sanger (1998), likely indicated a
relatively variable input of refractory
organic material from the uplands to the
sediments of the estuaries.

While there was no strong estuary-
to-estuary  difference  in  water
composition, there were significant
differences in the sediment silt-clay and
TOM range, and flushing rates between
Cheshmehkileh and Sardabrood
estuaries. These differences were a
function of land cover and orientation
between the two estuaries. Compared to
Sardabrood estuary, Cheshmehkileh
had a greater flushing rate, greater
salinity fluctuation over annual cycle,
which was correlated to a more stressful
environment in Cheshmehkileh estuary
with less particulate organic matter
(Fig. 8) as a food source for the
benthos. These differences are most
clearly reflected in the greater
abundance of P. jenkinae in
Cheshmehkileh estuary compared to
Sardabrood estuary. Differential
predation pressure could also be
invoked to explain the differences in the
abundance of P. jenkinae between the
estuaries, but the abundance of fishes
was greater in Cheshmehkileh estuary
than in Sardabrood during autumn and
winter (unpublished data). The greater

macrobenthic abundance in
Cheshmehkileh estuary in spite of the
marked  difference  in  predator
abundance, strongly suggests that food
supply, periphyton, and sediment
quality had a greater effect on P.
jenkinae in these rivers than predation
pressure.

References

Afshin, Y., 1994. Rivers of Iran, 1%
edition. Ministry of Energy, Jamab
Consulute Campeny, 575 P. (in
Persian).

Ahmadi, R., Mohebbi, F., Hagigi, P.,
Esmailly, L. and Salmanzadeh, R.,
2011. Macro-invertebrates in the
Wetlands of the Zarrineh Estuary at
the south of Urmia Lake (Iran).
International Journal of
Environmental Research, 5(4), 1047-
1052. DOI: 10.22059/ijer.2011.462.

Ahmadi, R., Aliyev, A., Seidgar, M.,
Bayramov, A. and Ganiji, S., 2012.
Macroinvertebrate communities'
differences on riverine parts and
reservoirs of  Zarrineh  River.
American Journal of Agricultural
and Biological Sciences, 7(1), 71-
75. DOl:
doi.org/10.3844/ajabssp.2012.71.75.

Akbulut, M., Sanver-Celik, E.,
Odabasi, D.A.,, Kaya, H., Selvi, K.,
Arslan, N. and Odabasi, S., 2009.
Seasonal distribution and
composition of benthic
macroinvertebrate communities in
Menderes Creek, Canakkale, Turkey.
Fresenius Environmental Bulletin,
18, 2136-2145. DOI:


https://dx.doi.org/10.22059/ijer.2011.462
https://doi.org/10.3844/ajabssp.2012.71.75
https://doi.org/10.3844/ajabssp.2012.71.75
https://doi.org/10.3844/ajabssp.2012.71.75
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html

[ Downloaded from mail jifro.ir on 2026-06-11 ]

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

Iranian Journal of Fisheries Sciences 20(1) 2021 123

researchgate.net/publication/259384
032.

Aliyev, A. and Ahmadi, R., 2010.
Biodiversity of benthic invertebrates
in Aras River. lranian Scientific
Fisheries Journal, 19, 131-142.
DOI: 10.22092/isfj.2017.109948.

Alves, R.G. and Lucca, J.V., 2000.
Oligochaeta (Annelida: Clitellata)
como indicador de polui¢do organica
em DOIs corregos pertencentes a
Bacia do Ribeirdo do Ouro
Araraquara  (S&  Paulo-Brasil).
Brazilian Journal of Ecology, 4(1-2),
112-117.

Alves, R.G. and Gorni, G.R., 2007.
Naididae  species  (Oligochaeta)
associated aquatic macrophytes in
two reservoirs (S&o Paulo, Brazil).
Acta  Limnologica Brasiliensia,

19(4), 407-413. DOI:
ablimno.org.br/acta/pdf/actal9 vol4
_04.pdf.

Ardalan, A.A., Mooraki, N. and
Sadeghi, M.S., 2011. Occurrence of
Ophidonais serpentina in Potamon
persicum from Jajrood River, Iran.
Iranian  Journal of  Fisheries
Sciences, 10(1), 177-180. DOIl:
http://jifro.ir/article-1-139-en.html.

Armendariz, L.C., 2000. Population
dynamics of Stylaria lacustris
(Linnaeus, 1767) (Oligochaeta,
Naididae) in Los Talas, Argentina.
Hydrobiologia, 438,  217-226.
DOl.org/10.1023/A:1004139622036.

Arslan, N.P. and Sahin, Y., 2003.
Nine new Naididae (Oligochaeta)
species for Sakarya River, Turkey.
Turkish Journal of Zoology, 27, 27-

38. DOl:
dergipark.org.tr/tr/pub/tbtkzoology/i
ssue/12655/153702.

Arslan, N.P. and Sahin, Y., 2004. First
records of  some Naididae
(Oligochaeta) species for Turkey.
Turkish Journal of Zoology, 28, 7-
18. DOl:
journals.tubitak.gov.tr/zoology/issue
s/z00-04-28-1/z00-28-1-2-0301
6.pdf.

Arslan, N. and Sahin, Y., 2006. A
preliminary study into identification
of the littoral Oligochaeta (Annelida)
and Chironomidae fauna of Lake
Kovada, a national park in Turkey.
Turkish Journal of Zoology, 30, 67-
72. DOl:
researchgate.net/publication/289026
987.

Arslan, N., Kara, D., Kokcu, C.A.
and Ruzgar, M., 2014. Aquatic
Oligochaeta (Annelida) of Dam
Lakes Catéren and Kunduzlar
(Turkey). Zoosymposia, 9, 70-76.
DOI.org/10.11646/zoosymposia.9.1.
12.

Basim, Y., Farzadkia, M.,
Jaafarzadeh, N. and Hendrickx,
T., 2012. Sludge reduction by
Lumbriculus variegatus in Ahvaz
wastewater treatment plant. Iranian
Journal of Environmental Health
Science and Engineering, 9(1), 4.
Published online, DOI:10.1186/
1735-2746-9-4.

Baturina, M., 2007. Oligochaeta of the
Pechora River basin, Russia. Acta
Hydrobiologica Sinica, 31, 36-46.


https://dx.doi.org/10.22092/isfj.2017.109948
http://jifro.ir/article-1-139-en.html
https://doi.org/10.11646/zoosymposia.9.1.12
https://doi.org/10.11646/zoosymposia.9.1.12
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html

[ Downloaded from mail jifro.ir on 2026-06-11 ]

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

124 Erfani, New report for Pristinella jenkinae geographical distribution from ...

DOl:researchgate.net/publication/29
7738553.

Baturina, M., Timm, T. and
Loskutova, O., 2014. Oligochaete
(Annelida, Clitellata) communities in
lakes of the Ural Mountains
(Russia). Zoosymposia, 9, 77-94.
DOl.org/10.11646/zoosymposia.9.1.
13.

Brinkhurst, R.O., 1971a. The aquatic
Oligochaeta known from Australia,
New Zealand, Tasmania, and the
Adjacent Islands. University of
Queensland Papers, Department of
Zoology, 111 (8), 34 P.

Brinkhurst, R.O., 1971b. A guide for
the identification of British aquatic
Oligochaeta. Freshwater Biological
Association, Scientific publication,
Ambleside, UK, 55 P.

Brinkhurst, R.O., 1986. Guide to the
freshwater  aquatic Microdrile
oligochaetes of North America.
Canadian Special Publication of
Fisheries and Aquatic Sciences, 84,
259 P.

Brinkhurst, R.O. and Jamieson,
B.G.M., 1971. Aquatic Oligochaeta
of the World. University of Toronto,
Canada, 860 P.

Brinkhurst, R.O. and Wetzel, M.J.,
1984. Aquatic Oligochaeta of the
world: supplement a catalogue of
new freshwater species, descriptions
and revisions. Canadian Technical
Report of Hydrography and Ocean
Sciences, 44, 101p, Institute of
Ocean Sciences, Sidney, British
Columbia, Canada.

Camur-Elipek, B., Arslan, N., Kirgiz,
T. and Oterler, B., 2006. Benthic

macrofauna in Tunca River and their
relationships  with  environmental
variables. Acta Hydrochimica and
Hydrobiologica, 34, 360-366.
DOI.org/10.1002/aheh.200500631.

Chapman, P.M., 2001. Utility and
relevance of aquatic oligochaetes in
ecological risk assessment.
Hydrobiologia, 463,  149-169.
DOI.org/10.1023/A:1013103708250.

Collado, R. and Schmelz, R.M., 2001.
Oligochaete distribution patterns in
two German hardwater lakes of
different trophic state. Limnologica,
31(4), 317-328.
DOIl.org/10.1016/S0075-
9511(01)80036-0.

Corbi, J.J., Jancso, MA., Trivinho-
Strixino, S. and Fragoso, E.N.,
2004. Occurrence of Oligochaeta
living on larvae of Odonata from
Ipetna (Sdo Paulo State, Brazil).
Biota Neotropica, 4(2), 1-3. DOI:
BN03304022004.

Corbi, J.J., Trivinho-Strixino, S. and
Alves, R.G., 2005. Records of
oligochaetes in freshwater sponges,
on bryozoans and on colonial
hydrozoans from Brazil. Brazilian
Journal of Biology, 65(1), 187-188.
DOI:10.1590/S1519-
69842005000100022

Cui, Y., He, X., Peng, Y. and Wang,

H., 2015. Records of Naididae and

Lumbriculidae (Clitellata) from Tibet,

China, with description of a new

species of Nais. Zootaxa, 3956(4), 513-

530. DOl:

dx.doi.org/10.11646/zootaxa.3956.4.4.


https://doi.org/10.1016/S0075-9511\(01\)80036-0
https://doi.org/10.1016/S0075-9511\(01\)80036-0
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1590%2FS1519-69842005000100022?_sg%5B0%5D=Ve5HOj5MLMG3sOKZS40hrSlge9CXjkrHEJYhqajB32h58XuNQ2l_VA9Wwc5FvtauxTm0xnOZRPmoEPO_DoWR_UjxHA.yJb819inGIY4LmiYg8w8dzC7UAE1y8VZoc0-W8CDOm04QfkaWkgwluDhxDOp2mmYfrDdrec18TFVQUpN3bgsfg
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1590%2FS1519-69842005000100022?_sg%5B0%5D=Ve5HOj5MLMG3sOKZS40hrSlge9CXjkrHEJYhqajB32h58XuNQ2l_VA9Wwc5FvtauxTm0xnOZRPmoEPO_DoWR_UjxHA.yJb819inGIY4LmiYg8w8dzC7UAE1y8VZoc0-W8CDOm04QfkaWkgwluDhxDOp2mmYfrDdrec18TFVQUpN3bgsfg
http://dx.doi.org/10.11646/zootaxa.3956.4.4
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html

[ Downloaded from mail jifro.ir on 2026-06-11 ]

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

Iranian Journal of Fisheries Sciences 20(1) 2021 125

DOE, 1996. Environmental laws and
regulations. Department of
Environment, Tehran, Iran, 1258 P.

Egglishaw, H.J.,, 1980. Benthic
invertebrates of streams on the
Alburz  Mountain Range near
Tehran, Iran. Hydrobiologia, 69(1-
2), 49-55. DOI:
doi.org/10.1007/BF00016535.

Erséus, C. and Gustarsson, L., 2002.
A proposal to regard the former
family Naididae as a subfamily
within ~ Tubificidae  (Annelida,
Clitellata). Hydrobiologia, 485, 253-
256. DOI:
doi.org/10.1023/A:1021366204441.

Gorni, G.R. and Alves, R.G., 2006.
Naididae (Annelida, Oligochaeta)
associated with Pomacea bridgesii
(Reeve) (Gastropoda Ampullaridae).
Revista Brasileira de Zoologia,
23(4), 1059-1061. DOI:
dx.doi.org/10.1590/S0101-
81752006000400011.

Gorni, G.R. and Alves, R.G., 2007.
Naididae (Annelida, Oligochaeta)
associated with briophytes in Brotas,
State of Sao Paula, Brazil. Revista
Brasileira de Zoologia, 24(2), 518-
519. DOI: doi.org/10.1590/S0101-
81752007000200036.

Harman, W.J., Loden, M.S. and
Davis, J.R., 1979. Agquatic
Oligochaeta new to North America
with some further records from
Texas. The Southwestern Naturalist,
24(3), 509-525. DOI:
doi.org/10.2307/3671306.

Jablonska, A. and PeSi¢, V., 2006.
New data on aquatic Oligochaeta of

Montenegro. 1| International
Symposium  of  Ecologists  of
Montenegro — Proceedings of the
Symposium, January 2006, 25-29.
DOl:researchgate.net/publication/25
7137958.

Jablonska, A. and Pesié¢, V., 2014.

Five species of aquatic oligochaetes
new to Iran with an updated
checklist. Oceanological and
Hydrobiological Studies, 43(1), 100-
105. DOl 10.2478/s13545-014-
0121-3.

Juget, J. and Lafont, M., 1994,

Theoretical habitat templets, species
traits, and species richness: aquatic
Oligochaetes in the upper Rhone
River and its floodplain. Freshwater
Biology, 31, 327-340. DOI:
doi.org/10.1111/5.1365-
2427.1994.tb01744 x.

Khara, H., 2016. Effect of successive

milt collection on sperm quality and
reproduction of wild and cultured
endangered Caspian Brown trout,
Salmo trutta. Iranian Journal of
Fisheries Sciences, 15(1), 31-38.
DOI: 10.22092/ijfs.2018.114510.

Krieger, K.A. and Stearns, A.M.,

2010. Atlas of the aquatic
oligochaete worms (Phylum
Annelida: Class Clitellata:
Superorder Microdriti). Recorded at
the Old Woman Creek National
Estuarine Research Reserve and
State Naure Preserve. Ohio National
Center for Water Quality Research,
Heidelberg University, Tiffin, Ohio,
USA, 32 P.


https://doi.org/10.1023/A:1021366204441
https://doi.org/10.1590/S0101-81752007000200036
https://doi.org/10.1590/S0101-81752007000200036
https://doi.org/10.2307/3671306
https://doi.org/10.1111/j.1365-2427.1994.tb01744.x
https://doi.org/10.1111/j.1365-2427.1994.tb01744.x
https://dx.doi.org/10.22092/ijfs.2018.114510
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html

[ Downloaded from mail jifro.ir on 2026-06-11 ]

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

126 Erfani, New report for Pristinella jenkinae geographical distribution from ...

Learner, M.A., Lochhead, G. and

Hughes, B.D., 1978. A review of the
biology of the British Naididae
(Oligochaeta) with emphasis on the
lotic  environment.  Freshwater
Biology, 8, 357-375. DOI:
doi.org/10.1111/j.1365-

2427.1978.tb01457 .x.

Lerberg, S., 1997. Effects of watershed

development on  macrobenthic
communities in the tidal Creeks of
the Charleston harbor estuary. M.S.
Thesis, University of Charleston,
Charleston, South Carolina, USA.

Lin, KJ. and Yo, S.P., 2008. The

effect of organic pollution on the
abundance and distribution  of
aquatic oligochaetes in an urban
water basin, Taiwan. Hydrobiologia,
596, 213-223. DOLl:
doi.org/10.1007/s10750-007-9098-X.

Liu, Y., Vermaat, J.E., Ruyter, E.D.

and De Kruji, HAM., 2004.
Modification and application of
biomonitoring. 1ISO BMWP method
of macrofauna in river pollution
evaluation in China. Acta

Scientiarum Naturalium
Universitatis Sunyatseni, 43(4), 102-
105. DOLl:

europepmc.org/article/cba/593744.

Loden, M., 1981. Reproductive

ecology of Naididae (Oligochaeta).
Hydrobiologia, 83, 115-123. DOI:
doi.org/10.1007/BF02187156.

Maciorowski, A.F., Benfield, E.F. and

Hendricks, A.C., 1977. Species
composition, distribution and
abundance of Oligochaetes in the
Kanawha River, West Virginia.

Hydrobiologia, 54, 81-91.
DOl.org/10.1007/bf00018774.

Martin, P., Martinez-Ansemil, E.,

Pinder, A., Timm, T. and Wetzel,
M.J., 2008. Global diversity of
Oligochaetous clitellates
(“Oligochaeta”; Clitellata) in
freshwater. Hydrobiologia, 198, 117-
127, DOIl: 10.1007/978-1-4020-
8259-7-14.

Martinez-Ansemil, E. and Collado,

R., 1996. Distribution patterns of
aquatic  oligochaetes  inhabiting
watercourses in the northwestern
Iberian Peninsula. Hydrobiologia,
334, 73-83. DOI:
doi.org/10.1007/BF00017355.

Martinovic-Vitanovic, V., Djikanovic,

V., Obradovic, S. and Kalafatic,
V., 2007. Composition and structure
of the Oligochaeta (Annelidae) in
benthic assemblages of the Danube
River in the Belgrade region during
May and October of 2004. Ekologia
(Bratislava), 26(2), 174-189. DOI:
researchgate.net/publication/289220
869.

Milbrink, G., 1987. Biological

characterization of sediments by
standardized tubificid bioassays.
Hydrobiologia, 155, 267-275. DOI:
doi.org/10.1007/BF00025659.

Montanholi-Martins, M.C. and

Takeda, A.M., 2001. Spatial and
temporal variations of oligochaetes
of the lvinhema River and Patos
Lake in the upper Parand River
basin, Brazil. Hydrobiologia, 463(1-
3), 197-205. DOl:
10.1023/A:1013163927814.


https://doi.org/10.1111/j.1365-2427.1978.tb01457.x
https://doi.org/10.1111/j.1365-2427.1978.tb01457.x
https://doi.org/10.1007/s10750-007-9098-x
https://doi.org/10.1007/BF02187156
https://doi.org/10.1007/BF00017355
https://doi.org/10.1007/BF00025659
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1023%2FA%3A1013163927814?_sg%5B0%5D=W_NCOE4NsZ4eLATiRqmpQCppIJxNDb_wE6GW4iWIMg8zaZBss7UwejoMBAhEjWTVVC-RtBTrZ4ABYb-yG42fuvAy0w.42GwmvEokcVeDP-3nTdRZu8L8VC_61alAMVFBe1kCOtAOlTelCYTi5J54gsabUERkPwZmNPXBYJOzBpQqyPvZQ
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html

[ Downloaded from mail jifro.ir on 2026-06-11 ]

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

Iranian Journal of Fisheries Sciences 20(1) 2021 127

Naidu, K.V., 2005. The fauna of India
and the adjacent countries-aquatic
Oligochaeta. Zoological Survey of
India, Kolkata, 315 P.

Naveed, M.l.,, 2012. Preliminary
studies on aquatic Oligochaeta in
and around Chennai, Tamil Nadu,
India. Turkish Journal of Zoology,
36(1), 25-37. DOI: 10.3906/zoo-
1002-33.

Nazarhaghighi, F., Timm, T,
Mousavi Nadoushan, R.,
Shabanipour, N., Fatemi, M.R.
and Mashinchian Moradi, A.,
2014.  Oligochaetes  (Annelida,
Clitellata) in the Anzali International

Wetland, north-western Iran.
Estonian Journal of Ecology, 63(3),
130-144. DOl:
10.3176/ec0.2014.3.02.

Paoletti, A. and Sambugar, B., 1984.
Oligochaeta of the middle Po River
(Italy), principal component analysis
of the benthic data. Hydrobiologia,
115, 145-152. DOl:
doi.org/10.1007/BF000279009.

Pascar-Gluzman, C. and Dimentman,
C., 1984. Distribution and habitat
characteristics of Naididae and
Tubificidae in the inland waters of
Israel and the Sinai Peninsula.
Hydrobiologia, 115, 197-205. DOI:
doi.org/10.1007/BF00027917.

Pinder, A.M., 2010. Tools for
identifying  selected  Australian
aquatic  oligochaetes  (Clitellata:
Annelida). TRIN (Taxonomy
Research and Information Network)
Taxonomic Guide 2. Science
Division, Department of

Environment and Conservation,
Perth, Western Australia, Australia,
49 P.

Pinder, A.M. and Brinkhurst, R.O.,
1994. A preliminary guide to the
identification of the microdrile
Oligochaeta of Australian inland
waters. Cooperative research center
for freshwater ecology, Albury, New
South Wales, Australia, 1, 144.

Pourang, N., 1996. Heavy metal
concentrations in surficial sediments
and benthic macroinvertebrates from
Anzali wetland, Iran. Hydrobiologia,
331, 53-61. DOl:
doi.org/10.1007/BF00025407.

Sanger, D.M., 1998. Physical,
chemical, and biological
environmental quality of tidal creeks
and salt marshes in South Carolina
estuaries. Ph.D. Dissertation,
University of south Carolina,
Columbia, South Carolina, USA.

Schenkova, J. and Helesic, J., 2006.
Habitat preferences of aquatic
Oligochaeta (Annelidae) in the
Rokytna River, Czech Republic - a
small highland stream.
Hydrobiologia, 564, 117-126. DOI:
10.1007/s10750-005-1713-0.

Smith, D.G,, 2001. Pennak’s
freshwater invertebrates of the
United States, Porifera to Crustacea,
4™ edition. John Wiley and Sons,
Chichester, West Sussex, UK, 664 P.

Smutna, M., Hilscherova, K,
Paskova, V. and Marsalek, B.,
2008. Biochemical parameters in
Tubifex tubifex as an integral part of
complex sediment toxicity


https://doi.org/10.1007/BF00027909
https://doi.org/10.1007/BF00027917
https://doi.org/10.1007/BF00025407
https://doi.org/10.1007/s10750-005-1713-0
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html

[ Downloaded from mail jifro.ir on 2026-06-11 ]

[ DOR: 20.1001.1.15622916.2021.20.1.18.7 ]

128 Erfani, New report for Pristinella jenkinae geographical distribution from ...

assessment. Journal of Soils and
Sediments, 8, 154-164. DOI:
10.1007/s11368-008-0005-5.

Stephenson, J., 1920. On a collection

of Oligochaeta from the lesser
known parts of India and from
eastern Persia. Memoirs of the Indian
Museum, 7(3), 191-261.

Tavol Koteri, M., Fatemi, S.M.R,,

Mousavi Nadushan, R. and
Khodabakhshi, M., 2018. First
record of Nais variabilis Piguet,
1906  (Annelida: Oligochaeta:
Naididae), and its spatial and
temporal distribution along
Cheshmeh kileh and Sardabroud
estuaries in South Caspian Sea, Iran.
Journal of Animal Environment,
10(4), 537-548. (In Persian) DOI:
aejournal.ir/article_88469.html.

Tavol Koteri, M., Fatemi, SM.R,,

Mousavi Nadushan, R. and
Khodabakhshi, M., 2019. First
record of Nais elinguis Muller, 1773
(Annelida: Oligochaeta: Naididae),
spatio-temporal  patterns of its
population density and biomass
production along two estuaries in
South Caspian Sea, Mazandaran
Province, Iran. lIranian Journal of
Fisheries Sciences, 18(4), 996-1013.
DOI: 10.22092/ijfs.2019.119157.

Timm, T. and Erséus, C., 2021. World

list of marine Oligochaeta. Pristina
Ehrenberg, 1828. Accessed through:

World Register of Marine Species at:
http://www.marinespecies.org/aphia.
php?p=taxdetails&id=475503 on
2021-01-09.

Wentworth, C.K., 1922. A scale of

grade and class terms for clastic
sediments. The Journal of Geology,
30(5), 377-392. DOl:
10.1086/622910

Wetzel, M.J., Kathman, R.D., Fend,

S. and Coates, K.A., 2000.
Taxonomy, systematic and ecology
of freshwater Oligochaeta.
Workbook prepared for North
American Benthological Society
Technical Information Workshop,
48" Annual Meeting, Keystone
Resort, CO., 120 P.

Wildsmith, M.D., Rose, T.H., Potter,

I.C., Warwick, R.M. and Clarke,
K.R., 2011. Benthic
macroinvertebrates as indicators of
environmental deterioration in a
large microtidal estuary. Marine
Pollution Bulletin, 62, 525-538.
DOI:
10.1016/j.marpolbul.2010.11.031.

Yildiz, S., Ustaoglu, M.R. and Balik,

S.,  2007. The  Oligochaeta
(Annelida) fauna of Yuvarlak stream
(Koycegiz-Turkey). Turkish Journal
of Fisheries and Aquatic Sciences, 7,
1-6. DOI:
trjfas.org/uploads/pdf_303.pdf.


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2Fs11368-008-0005-5?_sg%5B0%5D=vQwbm8o2rDIpNqvEC09f3Y3VKutLTn1kg_XOTB75xH5H-oyMbTguQzEQuovhbkIPwKn3i-mdClxfTK2vuEvrlbvsdw.Tdlbcn556Apze6eZNXiYY1pxuyIZ_l4ookVj7-gtK6XfybaE2m5u9xRcIizSBiHQ47mXB3cHweWmkBBNvT0xbQ
http://www.marinespecies.org/aphia.php?p=taxdetails&id=475503
http://www.marinespecies.org/aphia.php?p=taxdetails&id=475503
https://dor.isc.ac/dor/20.1001.1.15622916.2021.20.1.18.7
https://mail.jifro.ir/article-1-4322-en.html
http://www.tcpdf.org

