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Abstract: Macrophytes are key components of aquatic ecosystems including wetlands that
have considerable ecological importance. The role of macrophytes is closely linked to their
structural attributes like species composition and abundance. Therefore, this study aimed to
assess macrophyte species composition, abundance and diversity of six hydrogeologically
connected wetlands in the upper Abbay River basin, Ethiopia. The studied wetlands (Gudera,
Geray, Zindib, Kurt Bahir, Infranz and Wonjeta) are found in west Gojjam administrative
zone, Amhara region, Ethiopia. Two cross-sectional surveys were conducted at the end of
September 2021 and February 2022. Quadrat sampling technique was employed to collect
macrophyte samples following protocols for sampling aquatic macrophytes in freshwater
wetlands. A total of 41 species of macrophytes belonging to 16 families were identified
across the wetlands. The wetlands were dominated by emergent macrophytes, with the
Poaceae and Cyperaceae families being particularly abundant. The physicochemical water
quality status, water level fluctuations and level of human interventions might be the reason
for the variation in the macrophytes composition, abundance and diversity across the
wetlands. The low macrophyte diversity index value and the presence of pollution-tolerant
taxa such as Pistia stratiotes and Azolla africana indicate an overall ecological degradation of
the wetlands. Therefore, this study highlights the potential role of macrophyte monitoring to
identify anthropogenic pollution. Application of appropriate land use planning and the
development of macrophyte based multimetric indices are recommended for their sustainable
management.
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1. Introduction

Macrophytes, often called hydrophytes are adapted morphologically,
anatomically and physiologically to grow in aquatic habitats [1]. They comprise
taxonomically diverse group of macroscopic plants including macro-algae (e.g.,
Chara and Nitella), liverworts, mosses, ferns (e.g., Azolla), and angiosperms i.e.,
both mono- and dicots [2,3]. They occupy different ecological niche in the aquatic
environment [4] and grouped as freely floating and those attached to the substrate
(floating-leaved, submerged and emergent) [3-7].

Macrophytes are continued to be cited as key components of fresh water
ecosystems including wetlands [1-3,5,7-12]. These studies indicated their
considerable ecological importance including sustaining oxygenation of water,
enhancing water quality and nutrient cycling, and support and nurture the
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biodiversity. They play a vital role in supporting the structure and function of aquatic
ecosystems [1,5,7,13-15]. Macrophytes are also sensitive to anthropogenic changes
and can be used as an effective indicator that reflect the ecological health status of
wetland ecosystems [1,3,8-10,15-21].

The role of macrophytes is closely related with their structural attributes like
species composition and abundance [8,12,19,22]; which, in turn, depend on various
climatic, hydrological, and land use variables [8,10,15-16,23-24]. In this regard,
several studies have been conducted worldwide on macrophyte relationship with
various environmental variables particularly water quality parameters [16, 23-31].
This is because water quality parameters are the major factors that are highly
influencing the distribution and abundance of macrophytes [31].

Despite their importance, assessment and use of macrophytes as biological
indicators of aquatic ecosystems in Ethiopia is very limited [32]. Macrophytes are
used to assess the ecological status of only few Lakes [14,33], rivers [34,35], and
wetlands [36,37], even though the country has vast wetland resources [38]. This
indicates studies on species composition and abundance of macrophytes of aquatic
ecosystems in general and wetlands in particular is highly demanded. Furthermore,
none of these studies assessed the macrophytes of the six studied wetlands: Gudera,
Geray, Zindib, Kurt Bahir, Infranze and Wonjeta. Therefore, this study aimed to
assess the macrophyte species composition, abundance and diversity of
hydrogeologically connected wetlands in the upper Abbay River basin, Ethiopia. The
outcome of the study is important in providing baseline scientific information on the
wetlands macrophytes composition that supports their management and
sustainability.

2. Materials and methods

2.1. Description of the study area and studied wetlands

The studied wetlands (Gudera, Geray, Zindib, Kurt Bahir, Infranz and Wonjeta)
are found in the upper Abbay River basin within west Gojjam administrative zone of
Ambhara region, Ethiopia (Figure 1). The region is known for its wetland potential
including Lake Tana and its associated wetlands [39] and the wetland coverage is
estimated to be around 1.4% [40]. Studies [41-43] suggested the hydrogeological
connectivity among wetlands in the Lake Tana sub-basin. The studied wetlands share
a similar landscape feature (rocky-bush land) and the locals also have indigenous
knowledge on the hydrological connectivity between Gudera-and-Geray, and Kurt
Bahir-and-Infranze wetlands (pers. communications). Geographically, they are
situated within a range of 10°30'30"-11°59'04" N latitude and 37°00'40"-37°28'45"
E longitude. The mean annual rainfall of the watersheds of the studied wetlands was
from 1250 to 1800 mm and their mean annual temperature varied from 18 °C to 25
°C. The water level of the wetlands fluctuate during the dry and wet season, in which
a higher water level is observed during the wet season in the months of July, August
and September.
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Figure 1. Location map of west Gojjam zone and the six studied wetlands.

Source: Reprinted from Fentaw et al. (2024) under CC BY license, with permission from ELSEVIER,
original copyright 2024

2.1.1. Geray wetland

Geray is an artificial reservoir primarily used for irrigation. The wetland covers
10 ha with weir crest length of 105 m, height 4 m, 106 m® of water with a potential
of irrigating 618 ha of arable land [44]. It is located near to (5 km) Finote-Selam
town (the administrative city of west Gojjam zone). The Arbaitu-Ensesa (Jabitehnan
woreda) and Shembekuma-Yidafas (Finoteselam woreda) are bordering kebeles.
Geray flows into Lah River then Birr River and finally joins Gilgel Abay river.

2.1.2. Gudera wetland

Gudera is located about 17 km from Gish-Abbay town, Sekela woreda. It is
located at a higher altitude (2344 m.a.s.l) with an estimated area of 140 ha with a
shallow depth of about 2.5 m [45]. The study area is one of the tourist attraction sites;
which has been associated with Gish Mountain (source of Gilgel Abay river) and
Abune Zerea-Buruk church [46]. The Woreda is rich in big and annual rivers,
including Lesser Abay; of which Zegez River overflows into the wetland during the
rainy season. This is important for the locals in forming fertile farmland for recession
agriculture; which is the main threat to the wetland.

2.1.3. Zindib wetland

Zindib is a palustrine type wetland located in Dil-Betigil kebele (north Mecha
woreda) some 3 km from Nada-Maryam monastery adjacent to Gilgel Abay River.



Natural Resources Conservation and Research 2024, 7(2), 9477.

Recently, a new bridge is under construction on Gilgel Abay river to connect the two
woredas (north Mecha and Dangila woreda). The total surface area coverage of the
wetland was estimated to be 28.55 ha and there is a small seasonal stream that flows
to Gilgel Abay River during the rainy season.

2.1.4. Kurt Bahir wetland

Kurt Bahir is a depressional and palustrine type of wetland [39,47]. It is located
about 3 to 5 km to the north-east direction of Merawi town (north Mecha woreda)
and 30 km south-west of Bahir Dar city. It is bordered by the Kurt-Bahir,
Midre-Genet, Tatek-Geberie and Enashenifalen villages (kebeles). The total area
coverage of the wetland was estimated to be 764 ha [48]. Surface water (during rainy
season) and groundwater are the main water sources for the wetland and there is a
small seasonal stream, which flows to Koga dam on the downstream side of the
wetland.

2.1.5. Infranz wetland

Infranz wetland is located in the southern-most tip of Lake Tana; which is
internationally recognized as an Important Bird Area (IBA) [49]. The total area of
the wetland is estimated to be 25,750 ha [50]. The wetland comprises a series of
relatively high-discharge springs. These springs sustain the Infranz river (which
drains into Lake Tana), the downstream wetlands, and serve as a significant source
of water for Bahir Dar city and nearby villages [42,50].

2.1.6. Wonjeta wetland

Wonjeta wetland is located 19 km northwest of Bahir Dar (the capital city of
Amhara regional state). It is a papyrus dominated palusterine type wetland that
receives water from springs. The area of this wetland is estimated to be 300 ha [39].

2.2. Study design

Two cross-sectional surveys were conducted at the end of September 2021
when most of the vascular plants flourish and February 2022 during which they were
fully grown and flowered [51,52].

2.3. Macrophyte sampling, collection and identification

Macrophyte samples were collected following protocols for sampling aquatic
macrophytes in freshwater wetlands [53]. Quadrat sampling technique was employed
[17]; in which a quadrat size of 1 m? [52] were placed randomly [26] within the
purposively selected sampling stations. Two sampling stations were selected based
on the preliminary evaluation of plant community variations within the wetlands [52]
and easy accessibility for sampling [14,34]. To have representative samples of each
life forms; floating, submerged and emergent [4,5,7], quadrats were laid at the open
water and littoral zones in each sampling stations as Ekpo et al. [19] employed. Thus,
the total sampling sites from all the studied wetlands were 24 quadrats. The
macrophytes within each quadrat were counted manually by hand picking [6].
Identification (and inventory of floating, submerged and emergent) of macrophytes
was done using pictorial identification guides [54—58] and the ‘plants of the world
online’ database (https://powo.science.kew.org).
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2.4. Data analysis

Taxonomic composition of the macrophytes was recorded and grouped
according to their life forms into floating, submerged, and/or emergent [4-5,7].
Ecological indices were computed which provide quantitative information on the
richness, evenness and diversity of macrophytes using PAleontological Statistics
(PAST4.13) software.

The relative frequency, relative abundance and relative density of each species
were calculated as used in the studies [33,34,59] following the following formula:

No. of quadrats in which the species occurs

F %) = x 100
requency (%) Total number of quadrats studied

Total number of indiviuals of a species in all quadrats

D it d t=
ensity/quadran Total number of quadrats studied

Total number of individuals of a species in all quadrats

Abundance/quadrant =
" /qu Total number of quadrats in which the species ocuurs

) Frequency of species A
Relative frequency = — x 100
Total frequency of all species

) ) Density of species A
Relative density = - — X 100
Total density of all species

Abundance of species A

Relative abundance =
clatve abundance = . tal abundance of all species

3. Results

Macrophyte composition, abundance and diversity

A total of 41 species of macrophytes belonging to 16 families were identified
across all the six studied wetlands. They are classified as floating, submerged and
emergent based on their life forms (Table 1).

Table 1. Relative score of macrophyte species richness across the wetlands following the procedure of Agbogidi et al.
[60]: +++ (more abundance), ++ (sparse abundance) and + (rare abundance or just present).

Taxa Wetlands

Family name Species name Geray Gudera Zindib Kurt_Bahir Infranz Wonjeta
Floating

Nymphaeaceae Nymphaea lotus L. +++ ++ +++
Azollaceae Azolla africana Desv. +++ ++ +++
Avraliaceae Hydrocotyle ranunculoides L.f. +++

Araceae Pistia stratiotes L. +++

Submerged

Ceratophyllaceae  Ceratophyllum demersum L. +++ ++ ++ +
ePotamogetonacea Potamogeton alpinus Balb. +++ +++
Characeae Chara sp. (L.) ++ ++
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Table 1. (Continued).

Taxa Wetlands
Family name Species name Geray Gudera Zindib Kurt_Bahir Infranz Wonjeta
Floating
Emergent
Murdannia bracteata(C.B.Clarke) J.K.Morton ex ++ +
Commelinaceae DY Hong
Elésss,s(lz((?pa glomerata (Willd. ex Schult. & Schult.f.) .t .t
Typhaceae Typha latifolia L. ++ ++ +
Marsileaceae Marsilea minuta L. ++
Cyperus papyrus L. + ++ + +++ +++
Cyperus digitatus Roxb. + + +4+
Cyperus alopecuroides Rottb. +++ +++ +++
Cyperus longus L. + ++ +++
Cyperus rotundus L. + ++
Cyperaceae Cyperus esculentus L. +++ +++ +++
Cyperus flavescens L. +++ + ++ +++
Cypreus macrostachyos Lam. + ++
Cypreus elegantulus Steud. + + ++
Scirpus sp. (L.) + ++ +
Schoenoplectus sp. (Rchb.) Palla + ++ + ++ ++ +
Leymus cinereus (Scribn. & Merr.)A. Léve + + +++ +++ +
Pennisetum longistylum Hochst. Ex A. Rich. + ++ ++
Sporobolus africanus (Poir.) Robyns & Tournay ++
Cynodon aethiopicus Clayton & J.R.Harlan + ++
Cynodon dactylon (L.) Pers.
Poaceae Hyparrhenia rufa(Nees) Stapf + ++
Sacciolepis africana C.E.Hubb. & Snowden +++ +++ +++
Leersia hexandra Sw. +
Echinochloa sp. (P. Beauv.) +
Eleusine indica (L.) Gaertn. +
Phalaris arundinacea L. +
Polygonaceae Polygonum glabrum Willd. +++ +++ ++ +++ +++ +4++
Acanthaceae Hygrophila auriculata(Schumach.) Heine +++ ++ ++ +4++
Leguminosae Trifolium rueppellianumFresen. + +++
Bidens laevis L. +++
Asteraceae Ageratum conyzoides L. +
Galinsoga quadriradiata Ruiz & Pav. +
Xanthium spinosum L. +
Thelypteridaceae  Cyclosorus interruptus (Willd.) H.1t& + +

The studied wetlands were dominated by emergent macrophytes (34 species)
with the highest relative density of 82.93%, followed by floating (n = 4; 9.76%) and
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submerged (n = 3; 7.32%) macrophytes. The Poaceae and Cyperaceae families had
the highest number of species (n = 11; 26.19%) and were found to be particularly
abundant, followed by Asteraceae with four species (9.52%). Comparatively, the
most frequent species was Polygonum glabrum, occurring in all the studied wetlands
except Zindib. It was more abundant, more frequent and covered most of the area of
the studied wetlands.

Nymphaea lotus, Azolla africana, Pistia stratiotesand Hydrocotyle
ranunculoides are floating macrophytes identified in the present study (Table 1). The
relative abundance of Nymphaea lotus was 1.28%, 1.27% and 1.23% (at Geray,
Infranz and Kurt Bahir, respectively) (Annex 1). Similarly, the relative abundance of
Azolla africana was 34.0%, 44.35%, 44.69% and 59.65% at Gudera, Geray, Infranz
and Wonjeta, respectively. Hydrocotyle ranunculoides 17.91% (at Geray) and Pistia
stratiotes17.2% (at Gudera) were the other floating macrophytes identified.
Ceratophyllum demersum (from Geray, Gudera, and Kurt Bahir wetlands),
Potamogeton alpines (from Zindib and Infranz wetlands) and Chara spp. (from
Geray and Kurt Bahir wetlands) are submerged macrophytes identified in the present
study.

The studied wetlands vary in macrophytes species abundance, diversity and
evenness (Table 2). In comparison, highest number of species (24 species) was
recorded at Kurt Bahir wetland with higher Shannon-Weiner index value (H’ =2.8).
However, high macrophyte abundance was recorded from Wonjeta wetland (n = 804)
but with the lowest Shannon-Weiner index value (H” = 1.5). The Shannon diversity
index (H”) of macrophytes of the wetlands followed the order as: Kurt Bahir (2.8) >
Zindib (2.2) > Gudera (2.1) > Infranz (2.0) > Geray (1.6) > Wonjeta (1.5). Likewise,
the evenness index revealed higher at Kurt Bahir (E = 0.9) and lower at Wonjeta (E
=0.6).

Table 2. Spatial variation in macrophyte taxa, abundance and diversity indices in the
six studied wetlands.

Biotic indices Geray Gudera Zindib K Bahir Infranz Wonjeta
Species diversity 12 15 17 24 16 13
Abundance 588 378 176 347 399 804
Shannon-Weiner index (H”) 1.6 2.1 2.2 2.8 2 15
Evenness (E) 0.6 0.8 0.8 0.9 0.7 0.6

4. Discussion

Our results revealed that the studied wetlands were highly dominated by
emergent macrophytes, which could be due to their high tolerance for water-level
fluctuation [4,14,26,61-63]. It is also an indication of water-level decline [8,64] as
well as the encroachment of littoral vegetation [6,64]. Because of excessive
abstraction of water mainly for small-scale irrigation, the water level of the studied
wetlands has been declining (per. obs.). There is also high seasonal variation in water
level in the wetlands, which is attributed to seasonal rainfall. An increasing trend in
anthropogenic activities like intensive agriculture (recession and irrigation) and
siltation in the wetlands could also further aggravate the condition. According to
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Ghosh and Biswas [6], accumulation of silt from the catchment promotes the
encroachment of littoral vegetation by reducing the core area of the aquatic
ecosystem. Previous studies in the country have also shown that the littoral zone of
Lake Ziway [14], Ketar river in Ziway catchment [34], Infranz wetland [50] in the
Lake Tana area, south-western littoral zone of Lake Tana [33], and selected wetlands
in Lake Tana [65] were dominated by emergent macrophytes.

The Poaceae and Cyperaceae families had the highest number of species and
were found to be particularly abundant, followed by Asteraceae (Table 1). The
dominance of these families suggests that the environmental characteristic favors
these species. These emergent macrophytes are highly resistance to harsh
environmental conditions like water-level fluctuations, high trophic conditions, high
rainfall and temperature, and poor lighting conditions [4,12] which might accounted
for their dominance in our studied wetlands. The dominance of these macrophytes in
varying degree is also reported from other wetlands of Ethiopia including wetlands
in: Jimma highlands [52], Kafa Zone [51], Lake Tana area [33,50,65]and from Ketar
river in Ziway catchment [34] and Cheleleka wetland in central Rift valley of
Ethiopia [37].

Based on Cavalcanti and Larrazabal apud [66], Shannon-Wiener diversity index
considered as high when the calculated value is >3.0, medium when it is between 2.0
and 3.0, low between 1.0 and 2.0 and very low when it is less than 1.0. The diversity
values of Shannon-Wiener’s diversity index (range: H’ = 2.8—1.5) varied from
medium to low. The low diversity values of Geray and Wonjeta (Table 2) indicate
the communities with lower species richness and evenness. It also implied the
studied wetlands to be degraded [16] and had high anthropogenic activities [6],
mainly associated with farming and overgrazing. The relatively low evenness value
(0.6) and highest abundance (n = 804) of macrophytes of Wonjeta wetland indicated
the wetland was dominated by few species. It was dominated by Azolla africana and
Polygonum glabrum with a relative abundance of 59.7 % and 10.5 %, respectively.
Similarly, Geray wetland was dominated by Azolla africana and Hydrocotyle
ranunculoides. Anthropogenic activities like drainage, overgrazing, cultivation and
pollution affect wetland-dependent species [51]. These wetland disturbances can
reduce species diversity by removing disturbance-sensitive species and/or the
dominance by few strong competitors [39,52]. Wetlands of the present study are also
highly impacted by mainly agriculture (irrigation and recession) and grazing. Studies
[39,51,52] also indicated the species richness was reported as low in agriculture
impacted rural wetlands.

In comparison, a better diversity value (medium value: H> = 2.0-3.0) was
obtained from Infranz, Gudera, Zindib and Kurt Bahir wetlands. However, they are
highly disturbed due to the high external loading of sediments from their degraded
catchments in addition to the intensive agricultural activities (irrigation and recession)
and grazing pressure. Disturbance might increases species diversity by creating
microhabitats suitable for other colonizer species [67]; until disturbance becomes so
severe that only a few species are able to adapt to the adverse conditions [16].
Similar result was reported by Moges et al. [52] in that the mean diversity of
agriculture impacted wetlands was higher than urban impacted and forested wetland
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types. Disturbed (mainly cultivated) wetlands have more macrophyte diversity
compared to the undisturbed (uncultivated) natural wetlands [39, 52, 68-70].

Free floating macrophytes were shared the second highest abundance in which
Nymphaea lotus, Azolla africana, Hydrocotyle ranunculoides and Pistia stratiotes
were identified in most of the studied wetlands. They are usually dominant when
nutrient levels in the water are sufficiently high; and thus used as an indicator of
organic pollution [6,10,29]. Therefore, they are regarded as pollution tolerant species
and used as a biological indicator for eutrophication. The main source of pollution is
due to runoff from agricultural fields in the rainy season carrying inorganic fertilizers,
toxic pesticides and other chemicals enter in to these wetlands. Eutrophication causes
native species of macrophytes to decline and gets replaced by invasive and
stress-tolerant species [29]. The major impact of invasive species includes the
replacement of native species that can lead potential extinction, changing food webs,
and modifying the system biogeochemistry [3]. The occurrence of Pistia stratiotes
and Azolla africana alone were a clear indication of organic pollution and invasion
of alien species [3,71]. According to Holmes and Whittonapud Chibsa et al. [34],
they are considered as among the most problematic invasive floating species. They
are also well known for invading new habitats within a short period of time under
high nutrient loading [14]. The abundance of free floating macrophytes (mainly
Azolla nilotica and Pistia stratiotes) was also reported by Chibsa et al. [34] from
Ketar River in Ziway catchment.

Submerged aquatic vegetations are indicators of water quality and nutrient level
of the water, and it exists where there is a better water quality condition [21].
According to Dar et al. [8], low water level and the turbidity of water have a greater
impact on the extent of colonization of submerged aquatic plants. The absence of
open water due to dense mats of floating macrophytes (Azolla africana) in Wonjeta
wetland; and the higher turbidity and fluctuation in water level (mainly due to
recession agriculture) in Gudera wetland are among the limiting factors of the
diversity and abundance of submerged macrophytes. The restricted distribution of
submerged macrophytes with the absence of open water due to dense mats of
floating macrophytes is also reported by Saluja and Garg [16] from Lake Bhindawas.
According to Ademola et al. [72] the abundance and species composition of
macrophytes are greatly influenced by eutrophication. Relatively, the higher
abundance in other wetlands could be the excess nutrients, which can leads to
eutrophication and results in bloom of submerged macrophyte [60].

5. Conclusion and recommendations

The study describes macrophyte composition, abundance and diversity across
six hydrogeologically connected wetlands found in the upper Abbay River basin,
Ethiopia. The studied wetlands were dominated by emergent macrophytes indicating
water level fluctuation and reduction as well as the encroachment of littoral zone. In
addition, the observed differences in diversity and abundance of macrophytes could
also be attributed to the nutrient status of the wetlands and level of human activities
such as farming. The low and medium macrophyte diversity value indicates an
overall ecological degradation, which might be due to the poor water quality status
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