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Abstract

Procambarus clarkii, one of the most invasive aquatic species
in the world, is present in the Mediterranean estuarine regions.
The invasion of this species in these wetlands has a multitude of
impacts, including the impact on flora. This study examines the
floristic diversity and abundance of Procambarus clarkii in this
wetland, as well as whether the presence of this aquatic species
affects the flora. The Procambarus clarkii sampling lasted three
years (2016, 2017, 2018) in the Merja zerga wetland, using fisher-
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men’s boats. Vegetation sampling was conducted during the same
Procambarus clarkii capture period to assess the abundance of
Procambarus clarkii at the same time and recover the effect of this
aquatic species on the flora. To strengthen our study a survey was
conducted among sinners to assess the impacts of Procambarus
clarkii in its living environment. The results showed that there was
a significant difference in the abundance of Procambarus clarkii
sampled over the years (2016, 2017, 2018). The floristic diversity
of the Merja zerga lagoon is very important. The effect of
Procambarus clarkii on the flora was very remarkable. Thus, the
floristic species exposed to this impact are the species of genus
Potamogéton. These results show that Procambarus clarkii can be
considered as a factor contributing to the decline of the floristic
diversity of the aquatic areas where it lives.

Introduction

The geographical location of Morocco and the presence of two
large mountain ranges, have generated a very dense hydrographic
network, giving it a very important aquatic diversity, including
wetlands.!

Moroccan wetlands are very rich, it is present a very important
hydrological functions and a high floristic biodiversity. One of the
most important wetlands on the Atlantic coast of Morocco; the
Merja Zerga; this site contains remarkable flora and fauna of inter-
national importance. This area is known by the diversity of its nat-
ural habitats? and the abundance and variability of the benthic
macrofauna.? The Merja Zerga wetland has an important socio-
economic role for the local population of more than 26,608 inhab-
itants due to fishing and tourism activities.?

The invasion of native communities by alien species is one of
the major threats to the stability of ecosystem processes and the
persistence of endemic wetland species.* Also Merja zerga is char-
acterized by the presence of other benthic species such as:
Peringia ulvae, Scrobicularia plana, Heteromastus filiformis,
Cerastoderma edule, Hediste diversicolor, Cyathura carinata and
Lekanesphaera rugicauda?

Procambarus clarkii (Girard, 1852) is an axotic species in the
south-central United States (Louisiana) and in northeastern
Mexico,? recognized for its strong capacity to adapt to different
environmental conditions.® It quickly reaches the age of maturity.
It has a great capacity to multiply.This species was introduced to
Morocco in 2008.7

The Procambarus clarkii invading rice fields and wetlands.” It
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is considered as a pest in several countries because of its excavation
activity; it causes several damages,’ and its impact particularly on
macrophyte communities.® Especially that the macrophyte commu-
nities as primary producers are particularly sensitive to biological
invasions affecting wetlands® and rivers. In European freshwater
systems, the red swamp crayfish greatly affect macrophyte cover.!?

The presence of the red swamp crayfish in the Merja zerga
wetland could have an impact on the floristic biodiversity. This
work was carried out in this area between 2016 and 2018, with the
aim of knowing the risk to the flora by monitoring the evolution of
the number of macrophyte species in the presence of the
Procambarus clarkii population, as well as updating the database
of invasive species and making this data accessible. Many other
studies have examined the impacts of crayfish invasions on macro-
phytes in Africa, Europe and the United States, but in Morocco this
study is the first, especially on Merja zerga area.

This pioneering study in this area provide an initial under-
standing of the invasive nature of this alien species, as it could cer-
tainly be valuable to researchers, policy makers, conservators and
managers of this wetland.

Materials and Methods

Site descriptions

Merja Zerga (long. 34217 N, 34052 N; lat. 6213 W; 6214 W)
(Figure 1), is the largest lagoon on the Atlantic coast of Morocco
with a surface area of 7300 ha, located in the Northwest of
Morocco.? This area is located between the cities of Kenitra and
Larache? and about 120 km north of Rabat.

The communication between this lagoon and the sea is ensured
by a long and relatively narrow channel (the “throat™) and is perma-
nently maintained by the interaction of tides and continental flows.
Its depth varies between 0 and 2 m (50 cm average depth) with the
deepest points located in the drainage channels near of the gully.

Merja Zerga is always flooded with high tides. It is supplied
by two permanent freshwater inlets: the Nador canal to the south
and the Drader River to the north. Merja Zerga is one of the first
four Moroccan wetlands to be included in the Ramsar Convention
list in 1980, because of its importance for wintering migratory
waterbirds.!!

The hydrology of this wetland is dominated by the tidal flow
that crosses the Narrows to reach the Merja Zerga wetland system;
12 it is also influenced by groundwater that emerges in several parts
of the site. The lagoon system receives drainage mainly from the
Drader River to the east and the Nador Canal to the south.!2

The western side of the Merja Zerga is occupied by sandy
soils. Within the site, intermittently flooded areas have a bottom
composed of fine sand rich in organic matter, or even sandy mud
or locally pure mud.!2

Fishing is an important traditional activity. In the lagoon, dif-
ferent fishing gear and techniques are used, including gillnets
(Chbek), beach seines (Chebka), sunken nets (Tarrah), trammel
nets (Ters) and jumps (Kania); fish traps (Kannar) and bottom
trawls (Zaouada) are also used. The fishing nets have meshes of 20
and 25 mm, with the exception of the meshes of Zaouadaw which
have meshes of 4 and 15 mm.!?

The macrofauna distribution is linked to the environmental
factors of the lagoon. Indeed, previous studies have shown that the
spatial distribution of benthic communities in the Merja Zerga
lagoon follows an upstream-downstream gradient, resulting from
the combined action of all mesological factors, in particular salin-
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ity, edaphic parameters and hydrodynamics as well as the presence
of seagrass beds.2

The salinity in Merja zerga shows a decreasing gradient from
downstream to upstream of the lagoon,'? its values varied between
34 g/L downstream 2.34 g/L upstream.? The salinity of the sampled
sites varies between 2.34 and 8.06 g/L. the salinity had no effect on
the abandonment of red swamp crayfish in our sampling sites
because is very low.

Sampling method

To collect the first information on the presence of the species,
and its correlation with aquatic vegetation, an anonymous survey
approved by the Regional Department of Water and Forests and the
Fight against Desertification North West Kenitra Morocco in col-
laboration with the University Abdelmalek Essaadi Faculty of
Science Tetouan Morocco was used.

A well-targeted survey was distributed to fishermen in this area
and two non-governmental organizations active at the local level in
the field of environment, wetlands and fisheries. A total of 124
fishermen were interviewed in Merja Zerga between April 2015
and December 2018 (one field visit per month).

100% of the fishermen questioned answered the questions in
the questionnaire on the common name of red crayfish in the study
area, the date and place of observation, its mode of displacement,
its hypothesis of introduction, its exploitation, its impact on the
fishing activity, its impact on the environment and their proposals
for its control.

Vegetation sampling

Vegetation sampling was carried out over six periods in three
years: the first in April and July 2016, the second in April and July
2017, and the last in April and July 2018.

The sampling plan consists of three transects A, B and C of vary-
ing lengths (Figure 1, Table 1). Difficulty in accessing the stations
due to the abundance of terrestrial shrubs and grasses was the cause
of this variation in length. The transect, indicated by a rope graduated
in meters, starting from the area out of the water to the flooded area.

A number of five quadrats of 1 m? were made and sampled
along of each transect randomly during the two periods (once in
April and once in July) each year. Within the quadrats, the species
was recorded along with its abundance-dominance coefficient
according to the classic Braun Blanquet scale. In each quadrat, the
number of each species was recorded along with its abundance-
dominance coefficient relative to the total number of species col-
lected across the transect.

Among the species harvested, only the macrophytes best rep-
resented in the study area were selected. Their recovery was esti-
mated using a quantitative scale derived from that of abundance-
dominance coefficients.!?

Herbariums were formed by samples of the species collected
and identified at Abdelmalek Essaadi University Faculty of
Science (Department of Botany) using several floristic determina-
tion keys.!4

The samples collected were processed by calculation of the
index of relative importance (IRp) which quantifies the abundance
of each species on the transects according to this formula.'?

IRp

IRp: represents the relative importance index of a species p on a
given transect.

Lnm: represents a section of a transect.

QMp: is the average quantity index expressed as a % of the area
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covered by a species represented in the survey to which the Braun

Blanquet abundance index +, 1, 2,3,4,5 has been assigned.
Li: represents the total length of the transect.
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The correspondence scale between the dominant abundance
coefficients and the average quantities used is that proposed by
Vandhen Berghen.!®

Figure 1. Location of the study area and sampling stations A, B and C. Map source: works of the scientific institute, Rabat, general ser.
N°7,2011, modified and translated by Saguem 2019.
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The red swamp crayfish sampling

The population of Procambarus clarkii was captured at the
same time as the vegetation samples were taken, i.e. on the same
day in April and July 2016, April and July 2017 and April and July
2018, during three periods of the day at 7 a.m., 2 p.m. and 7 p.m.

Crayfish sampling was carried out at several stations in the
study area including station A, B and C over a total area of 100 m?
using a catch per unit effort (CPUE) of 60 min, with a (3 mm) mesh
net, and an altitudinal gradient of 50-100 m. The total number of
Procambarus clarkii caught at all stations was then calculated as a
Catch Per Unit of Effort (CPUE).

The net has been put in the water for one hour without moving
it, at the same time another net of the same mesh size was tipped
five times to look for crayfish.

Statistical analysis

The recorded data required a descriptive quantitative analysis.
The Post-Hoc test used to test the degree of variation between
years and the number of Procambarus clarkii caught. The mini-
mum level of significance at which the null hypothesis was reject-
ed is 0=0.05 (Table 2).

Correlation between the number of plant species sampled and
the number of Procambarus clarkii caught within the same period
by the Pearson correlation test (Table 3).

Results and Discussion

In the Merja Zerga where the Procambarus clarkii is present
since some years ago,> the question on the impact of this species
on the habitat and native aquatic species was crucial.

Sixty-five per cent (65%) of the respondents declared that the
presence of this species in the study area has an impact on the envi-
ronment. All of them add that the red swamp crayfish damage the
soil by digging holes, affect water by transforming its quality, and
disappear some plant and animal species. Previous studies suggest
that the increasing turbidity associated with several phenomena,

Table 1. The location and length of transects.

such as turbidity caused by red swamp crayfish, leads to a shortage
of light for macrophytes. High turbidity can completely disappear
macrophytes.!’

The results of the survey distributed in 2015 and 2016 in this
area revealed that there is an impact of the presence of this species
on aquatic vegetation, which required fieldwork and inventory in
2016, 2017 and 2018 to verify, confirm this hypothesis advanced
by the anglers and found the link between crayfish and aquatic
vegetation abundance.

The total number of crayfish caught each in 2016, 2017 and
2018 and during three periods of the day summarized in this graph
(Figure 2).

The results show that crayfish were very abundant in 2016
compared to other years (Figure 2). The number of crayfish in the
study area is decreasing in 2017 and 2018, which confirms the

1400
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Figure 2. The Number of the Procambarus clarkii population
captured in Merja zerga wetland in 2016, 2017 and 2018,
Morocco.

A 10 The sides of the Drader River
B 10 Stagnant fresh water surface
C 15 lawn influenced by the contributions of the Nador Canal

Table 2. Test Post-Hoc (Tukey Test) for the number of Procambarus clarkii caught during the three years (2016, 2017, 2018)

(Significatif (P<0.05).

2016 vs 2018 65,91*
2016 vs 2017 53,83*
2017 vs 2018 12,083

*, the mean difference is significant at level 0.05.

Table 3. Correlation matrix (Pearson) for the three years (2016, 2017, 2018).

Abundance of Procambarus clarkii 1

Abundance of plant species -0,994

-0,994
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fishers’ reporting in the questionnaire on the issue of the
Procambarus clarkii use.

90% of anglers replied that before 2016, the red swamp cray-
fish was an alien species for them, that is why they didn’t use it,
but at the end of 2017, the demand for this species by anglers and
fish sellers has increased due to its effectiveness as fishing bait.

Therefore, the decrease of the red swamp crayfish population
is due to the high exploitation of this species.

The average difference is highly significant between the years
2016 and 2018 and moderately significant between the years 2016
and 2017, while there is no difference in averages between the
years 2017 and 2018.

According to the results of the survey with the anglers’, cray-
fish are very abundant in the spring season. These results used as a
basis for field trips and vegetation sampling.
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Macrophytes are an important habitat and food source for her-
bivorous birds, macroinvertebrates and fish, so the decrease in
their abundance influences the aquatic ecosystem.!® Grazing activ-
ity by the red swamp crayfish on macrophytes and burrowing
activity can affect freshwater environments, transforming from
macrophyte-dominated areas with clear waters to turbid areas
dominated by phytoplankton.!$

The results of flora observations in the field are summarized in
a table (Table 4) using the scale mentioned in (Table 5) as well as
the identification of harvested species over a three-year and
quadrat method results, showed a high variation in the abundance
of certain species (Table 4).

First, this table summarizes the results obtained on the abun-
dance of plant species through colour degradation (Table 4). There
are three colours in the table: the white colour indicates the group

Table 4. Covering plant collected in Merja Zerga wetland in 2016, 2017 and 2018, Morocco.

Juncus heterophyllus (Dufour, 1825) + 1 4
Ulva lactuca L., 1753 + 1 3
Lemna gibba L., 1753 + 1 5
Potamogeton pectinatus L. (Borner, 1912) + + 3
Potamogeton nodosus (Poir, 1816) + + 3
Potamogeton natans L., 1753 + + 4
Pistia stratiotes L., 1753 2 3 3
Zostera noltii Hornem (Hornemann, 1832) 3 4 5
Paspalidium geminatum ((Forssk.) Stapf, 1917) 2 4 5
Baldellia ranunculoides L. (Parl,, 1854) 2 3 4
Ruppia maritima L., 1753 2 2 3
Zostera marina L., 1753 2 3 4
Cyperus mundtii L., 1753 2 4 4
Callitriche stagnalis (Scop., 1772) 1 2 B
Baldellia ranunculoides L. (Parl, 1854) 1 2 3
Scirpus maritimus L. (Palla, 1905) 3 3 3
Ludwigia stolonifera (Guill. & Perr, 1964) 4 4 4
Oxycaryum cubense (Poepp. & Kunth, 1837) 3 3 3
Azolla africana (Lam., 1783) 3 3 3
Scirpus lacustris L. (Palla, 1888) 4 4 4
Mentha aquatica L, 1753 3 3 3
Nasturtium officinale (W.T. Aiton, 1812) 3 3 3
Myriophyllum spicatum L., 1753 3 3 3
Nitella sp. (C. Agardh, 1824) 3 3 3
Zostera nana (Roth, 1827) 4 4 4
Linum maritimum L., 1753 2 2 2
Salicornia europaea L., 1753 3 3 3
Phragmites australis ((Cav.) Trin. ex Steud,, 1841) 4 4 4
Reseda lutea L., 1753 3 3 3
Table 5. Dominant abundance coefficients and the average quantities scale.

5 75 to 100% 0.8

4 50 to 75% 0.6

3 25 to 50% 0.3

2 5 to 25% 0.1

1 <5% 0.02

+ very low recovery 0.002
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of species most abundant during the three years and has no remark-
able variation. The light grey colour indicates the group that under-
went a slight variation in their abundance during the three years.
On the other hand, the dark grey colour indicates the plant species
most affected and their abundance varies from year to year.

The results of monitoring the abundance of certain plant
species in the Merja zerga wetland during these three years,
showed a stable abundance of some species such as Scirpus mar-
itimus, Ludwigia stolonifera, Oxycaryum cubense, Azolla africana,
Scirpus lacustris, Mentha aquatica, Nasturtium officinale,
Myriophyllum sp., Nitella sp., Zostera nana, Linum maritimum,
Salicornia europaea, Phragmites australis, Reseda lutea. These
species appear to are not influenced by the presence of
Procambarus clarkii in the area (Table 4).

In 2016, the abundance of some species was too low as Juncus
heterophyllus, Ulva lactuca, Baldellia ranunculoides, Zostera
noltii Hornem, Callitriche stagnalis, Cyperus mundtii, Zostera
marina and Lemna gibba, but in 2017 its abundance start the
increase and continued in 2018 (Table 4).

P. pectinatus, Potamogeton nodosus Poiret, Potamogeton
natans are a submerged aquatic perennial macrophyte, rapidly
colonizes waters and resists different pressures and conditions
that are generally unsuitable for other species.!® Despite this,
these species largely affected by the presence of red swamp cray-
fish. This impact is reflected in its low abundance in 2016 and
2017, its abundance in 2018 increased but it still remains low
(Table 4).

The results of dynamics population of Procambarus clarkii
and the abundance of these plant species show that there is a sig-
nificant relationship. When crayfish abundance is high, vegetation
abundance is low and when crayfish abundance decreases, plant
species abundance increases.

This process of low abundance of these species directly linked
to the presence of red swamp crayfish in this area, especially that
the plant material is extremely frequent in crayfish stomachs par-
ticularly in adult.20-21

In Germany, several studies showed the strong density-depen-
dent link between biomass and species composition of macro-
phytes and Procambarus clarkii.** Also in North-Rhine West-
phalia, the macrophyte community in a gravel pit lake almost
entirely depleted five years after the first detection of P. clarkii.??

The variation in abundance between these species: Juncus het-
erophyllus, Ulva lactuca, Lemna gibba Potamogeton natans,
Potamogeton nodosus and Potamogeton pectinatus (Table 4) in
2017 related to Procambarus clarkii’s food preference.

A recent study examined the impact of the red swamp crayfish
on the macrophyte community of Mediterranean temporary ponds,
testing in laboratory if consumption and fragmentation of five
macrophyte species correlated in palatability tests and in a prefer-
ence test.?* The results of this study showed a high consumption of
Juncus heterophyllus by Procambarus clarkii, and it avoided con-
suming sometimes, certain species like Carex divisa and
Ranunculus peltatus. The red swamp crayfish may remove macro-
phyte species from the community sequentially, from the most to
the least preferred species.?

Another study confirmed that the red swamp crayfish strongly
inhibited the biomass of the hydrophytes Nymphoides peltata and
Potamogeton spp. bygrazing, coupled with their non-consumptive
plant clipping anduprooting, while, in contrast, Utricularia aus-
tralis was avoided by P. clarkii®* the thing that is also happening at
Merja Zerga wetland especially for Potamogeton species.

The excessive exploitation of the red swamp crayfish at the
end of 2017 favoured the first steps of the development of vegeta-
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tion cover to its original state before the appearance of this species
in this area.

This result by the Pearson correlation test, which showed a strong
negative correlation between the abundance of plant species collected
and the abundance of red swamp species caught during the same peri-
od. The red swamp crayfish may be responsible for the abundance
decline of some other plant species that are not cited in this work
because they are not presented and selected in our quadrats.

However, uncontrolled fishing activity in the Merja Zerga wet-
land, unsustainable exploitation and inadequate management of
natural resources with the presence of an exotic species classified
as invasive such as the red crayfish can lead to a serious deteriora-
tion of the biodiversity of this natural heritage.

Conclusions

The Merja Zerga wetland has a heritage value due to certain
particularities that make it a remarkable area on a global level.
Merja Zerga has a wide variety of wet habitats characterized by the
presence of different plant groups and a high floristic diversity.

The disturbances it is currently experiencing on its floristic
richness are related essentially to the presence of the red swamp
crayfish and its uncontrolled spread in the area, these disturbances
must be limited to the maximum in order to achieve sound man-
agement of this site.
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