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Abstract

This study included the feeding of Clausocalanus laticeps (Farran, 1929) of crustacean zooplankton (Calanoida), by studying the structure
of the Mandible and the gut content of this previous species to determine its favorite food. 76 samples have been collected vertically in period
between March and October 2021. The samples were also accompanied with different hydrophysical and hydrochemical measurements in three
regions that differ from each other with their environmental properties. The number of members of (C. laticeps) that were studied reached
(71) individuals, of which (52) are female and (19) are male. On the other hand, studying its mandible structure, and knowing the content of
the gut of the aforementioned species helped in expanding knowledge about the conditions and strategies of feeding it under the influence
of environmental factors. The number of algae species (phytoplankton) that C. laticeps fed reached (7) species, of which (4) belong to the
Dinophyceae, (2) species to Bacillariophyceae earth, and (1) only one species to the group Cryptophyceae. The highest average number of
Dinophyceae was (1500), followed by Bacillariophyceae (420) individuals, then the group of Cryptophyceae (140) individuals.
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Introduction

Crustacean zooplankton is a Heterotrophic and is an important
component of marine ecosystems [1] through the primary role
it plays in the food web [2]. Copepods are major components of
marine food chains and operate either directly or indirectly as
food sources for most commercially important fish [3], and their
oral appendices have evolved to suit the nature and quality of their
food [4]. On the other hand, the jaw’s leg movement towards the
mouth creates a stream of water that raises the pressure inside the
mouth, which leads to water entering with food [5], and others are
equipped with a special filtration system through which it filters
the food particles entering with Water stream [6]. Copepods
generally tend to feed on a mixed diet in their natural environment,
especially in the first few layers (0-50) m [7], and the survival and
success of copepods over the years may be due to their ability to
determine prey [8], and the selection of the preferred and most
abundant food in the surrounding environment [9].

Copepodes are dominant creatures in marine zooplankton [1].
Their diets often include large proportions of Bacillariophyceae
that have Silesian structures to protect. Despite this protection,
there are many species of copepods that are capable of breaking
and shattering these structures with high efficiency even the most
supported and protected species [10]. The composition and shape
of mandible teeth at copepods also differ by species, and studies
using electron microscopy have revealed These teeth are of
complex microscopic structures that contain in their composition
silica, and this explains their ability to destroy the structures of
Bacillariophyceae [11].

Various environmental factors such as temperature, salinity,
dissolved oxygen, pH, and transparency affect marine copepods
and their nutritional activity [5], and the concentration and
distribution of food particles in the surrounding medium [12].
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The objectives of this study were:

a) feeding for C. laticeps, determine the intestinal content
of food

b) study the shape and composition of its species, under
the influence of various environmental factors

The importance of research lies through clarifying the
environmental and nutritional requirements of the studied
species, which constitutes a basic rule that facilitates the
prediction of the status of these species in terms of productivity,

as they are of economic importance and constitute a major food
for fish, crustaceans and many other marine creatures.

Materials and Methods
Study area and sample collection

The species collection processes were carried out from the
three study areas that were chosen in the coastal waters of the city
of Baniyas, which differ from each other in environmental terms,
as shown in (Figure 1).

Ve

Figure 1: Study areas in the coastal waters of the city of Baniyas.
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Sanitation area (A)

It is located opposite the Baniyas National Hospital
(35°12°09.0”"N 35°57°08.0”E), where the sewage of the hospital
and the neighborhoods of Al-Morouj flows into a unified
liquefaction line (a major sewage line), where its estuary ends in
the coastal waters of a city, and this beach is away from the second
area (the thermal station area) at a distance of 7 km.

The Thermal Station area (Estuary of hot water) (B)

This region is located opposite the electrical power station in
Baniyas (35°10°13.0”N 35°55’21.0”E). The thermal plant is 5 km
from the third clean area. The thermal water resulting from the
cooling of the station and the steam of the boilers that unite with
it is poured into marine waters.

Prince Beach Chalets area (C)

This site is characterized by its cleanliness and lack of
exposure to pollution (35°09°02.0”"N 35°55’20.0"E).

Each area is divided into three sites (stations)
Zone A. Stations : A3-A2-Al.
Zone B. Stations : B3-B2-B1.
Zone C. Stations : C3-C2-C1.

The process of collecting samples of the two species in each
site was as follows:

a)  The firstlocation: (50-0) m, (50-25) m, (25-0) m.
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b)  The second location: (100-0) m, (100-50) m, (50-25) m,
(25-0) m.

c)  The third location: (200-0) m, (200-100) m, (100-50) m,
(50-25) m, (25-0) m.

The depth varies according to the distance of each station
from the beach.

For the measurement of water parameters, temperature (t),
salinity (s), dissolved oxygen concentration, pH, and transparency
were recorded using advanced modern devices. Temperature,
salinity, and dissolved oxygen were measured with the Hanna
Instruments HI9812-5 device and the DO Meter AZ Instrument
AZ-8403. Water transparency was assessed using the Seki disk.
A statistical analysis was performed to calculate the mean and
standard deviation of these parameters using SPSS software.

Zooplankton samples were collected using a global
zooplankton collection net equipped with a 200 um mesh of the
WP2 Closing type. The net was operated with a closing device to

obtaintherequired samples. A submersiblelens with magnification

was used to study specimens of the species Clausocalanus laticeps,
which were preserved in 4% formalin. A microscopic needle was
utilized to extract the mandible for further analysis.

The study was conducted in the laboratories of Damascus
University, Syria. The intestine of the zooplankton species was
carefully removed and analyzed separately. The phytoplankton
present in the zooplankton intestine were identified by
preparing microscopic preparations and examining them under
a microscope. Phytoplankton species were classified using
taxonomic keys based on the references of Sarmach [13], Plinski
[14], and Pankow [15].

Results
Description of the species

Male: The length of the male (0.7-0.9mm) and in terms of its
overall appearance is very similar to the female. The front end of
the head was round, while the abdomen extended, and the fifth
leg of the legs had a four-legged left leg. As for the right hand, it is
atrophied (Figure 2).

Figure 2: (a) female, p5 (Fifth leg). (b) male, [27].

J

Female: The length of the female (1.1-1.2mm), the front end of
the head was round, fifth of the legs has a single branch and two
parts (Figure 2).

Feeding of C. laticeps. appeared in all study areas and stations,
and the total number of individuals studied was (64) individuals,
of which (44) are female and (20) male is distributed at different
depths, and this explains that this species has wide environmental
adaptation. Eurybiont with the values of different environmental
factors as shown in (Table 1).

Dinophyceae recorded the highest value, with an average of
1500 individuals within the gut, as shown in (Table 2), compared
to the rest of the groups. This made Dinophyceae the main food
source for the studied species, followed by Bacillariophyceae
with 420 individuals in the gut, and then Cryptophyceae with 140
individuals, as shown in (Table 2).

The results show that zooplankton exhibit generalist feeding
behavior, consuming a wide variety of phytoplankton based on
what is available in different depth zones. Dinoflagellates like
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Ceratium spp. and Ostreopsis ovata were more common in surface
waters (25-0m), while diatoms such as Chaetoceros socialis and
Skeletonema costatum dominated in deeper zones, suggesting
that zooplankton feed on different species depending on the
environmental conditions. Interestingly, species like Ceratium
contortus and Ceratium palmatus were found across all depth

of emergence of C. laticeps during the study months.

zones, indicating that zooplankton might selectively feed on these
due to their high nutritional value. The presence of Rhodomonas
salina (a type of Cryptophyceae) in the zooplankton gut also
points to feeding in areas with fluctuating nutrient conditions,

possibly suggesting local eutrophication (Table 2).
Table 1: Changes in the values of environmental factors during the period

Depths (m) 0 15 25 50 100 200
Temperature (°C) 26.28+5.48 25.01+5.34 2192 +4.45 18.46 £ 2.75 10.19 + 0.45 7.99 £1.22
Salinity % 36.80+0.8 36.95+0.76 37.43+0.56 37.85+0.39 3792 +0.35 3844 +0.3
(pH) 7.14 £ 0.22 7.27+0.13 7.39+0.17 7.53+0.19 7.61+0.20 7.96 £ 0.14
Dissolved oxygen (mg /1) 6.49 £ 0.4 6.67 £0.36 6.87 £0.38 7.20£0.18 7.41+0.10 7.00 £ 1.56
Transparency 0.00£0 7.54£1.02 17.05+8.6 19.47 £5.14 25.22+1.46 2742 +1.41
Table 2: The species of phytoplankton that formed the food of C. laticeps during the study months.
Class Total number of individuals in the gut species Depth (m)
Ostreopsis ovata + | + - + - + -
Ceratium furca + |+ |+ |+ |+ - N
Protoperidinium sp. o I S I B -
prorocentrum micans s+ -] -] - -
Dinophyceae 1500 Ceratium contortus + |+ |+ |+ |+ |+ -
Ceratium palmatus + s+ |+ |+ - -
Ceratium reflexus + |+ |+ -] -] - -
Ceratium lunula + 0+ -+ ] -]+ +
Ceratium platycorne o+ |+ |+ |+ |+ -
Coscinodiscus sp. |+ |+ |+ ] - - -
Chaetoceros socialis + |+ |+ -] -] - -
Bacillariophyceae 420 Leptocylindrus minimus |+ -+ -] - -
Skeletonema costatum + - + | - + | + +
Licmophora sp. |+ +] -] - - -
Cryptophyceae 140 Rhodomonas salina + | -+ -] -] - -
Discussion of intestinal content (Figure 3) from individuals within the

The largest presence of species was recorded in the 0-50 meter
depth layer, as reported by [16]. This finding is attributed to the
abundance of nutrients in this layer, which serves as the primary
productivity zone where phytoplankton perform photosynthesis
[17]. Factors such as marine currents, wave movement, and
significant changes in environmental conditions, combined with
the influx of nutrient-rich estuary drainage into station A1, create
an optimal environment for the studied species. Conversely,
the absence of the species at station B1 can be explained by the
presence of hot water from the cooling systems of turbines and
boilers, which create inhospitable conditions for the species.

The study corroborates findings from numerous international
studies [11,18-21], identifying C. laticeps as herbivorous [22],
with a particular preference for Dinophyceae [23,24]. Analysis

0-50 meter layer revealed a diet comprising various species,
highlighting a tendency towards mixed feeding strategies due to
the high availability of diverse food sources in this layer [25]. At
greater depths (100-200 meters), C. laticeps exhibited a dietary
shift towards a single food source, primarily Bacillariophyceae
[10], likely due to the limited presence of phytoplankton in these
low-light, nutrient-poor environments [3].

The current study further indicates that the layers with
depths of 0-50 meters, 25-50 meters, and 0-15 meters are richest
in phytoplankton species, particularly Dinophyceae, on which C.
laticeps predominantly feeds. The favorable conditions in these
layers, including the presence of light and suitable temperatures,
support phytoplankton growth, unlike the deeper layers where
lower light and temperature conditions inhibit phytoplankton
presence [23].
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Additionally, observations of the gut structure of C. laticeps
revealed a preference for Ceratium reflexus as a primary food
source. In the shallow layers, C. laticeps feeds on multiple species,
including Ceratium palmatus and Ceratium reflexus, where higher
temperatures and lower salinity prevail [17]. Occasionally, it
also consumes Skeletonema costatum, Rhodomonas salina, and
Ceratium lunula. In deeper layers, C. laticeps tends to rely on a
single species, such as Bacteriastrum furcatum Shadbolt, due to
the colder temperatures and higher salinity [25].

Environmental factors, particularly temperature and salinity,

play a significant role in influencing the feeding conditions and
strategies of C. laticeps. This study adapted to the availability
of food in the surrounding medium [17]. The diet of C. laticeps
includes large proportions of Bacillariophyceae, which possess
protective silicic structures. Despite these defenses, C. laticeps
can efficiently break and destroy these structures, including the
most protected Bacillariophyceae species [26]. This capability is
attributed to the shape of its mandible teeth, which have short,
sharp edges designed for grinding Bacillariophyceae and other
phytoplankton species (Figure 3).

e N
D1D2D3
100x
Zoom lens
Figure 3: (a) mandible structure, Mandibular Gnathobasis V: Ventral Teeth. C1-C2-C3-C4: Central Teeth. D1-D2- D3: Dorsal Tooth. (b)
general view of the gut. The illustration of the species is taken from [27].
\ J

Electron microscope studies [11,18-21] reveal that the
mandible teeth have a nanostructure containing a small amount of
amorphous silica and a significant percentage of crystalline silica
arranged in a network of micro-keratin fibers [5]. These fibers
likely play a crucial role in the feeding process [22]. The ventral
tooth (V) (Figure 3) is essential in C. laticeps and other copepods,
especially Calanoida, varying by species. The maxilla (MxI) is
crucial for holding and processing food particles, preventing
their escape, and facilitating their entry into the organism’s body
[25]. Additionally, the maxillipeds (MxP) play a significant role in
collecting and transporting food particles within the body through
their movement and interaction with water currents [17,27].

Conclusion

C. laticeps, along with other copepods, plays a crucial role
in marine food webs. These organisms form an essential link

between phytoplankton and secondary consumers, highlighting
their significance in maintaining the balance and productivity of
marine ecosystems.
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