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Abstract

Freshwater organisms in the Okavango Delta and Lake Ngami (Botswana) provide direct and indirect benefits to people and
the economy of the region. However, their existence could be potentially threatened by human activities (primarily, upstream
water abstraction and planned hydropower structures) coupled with climate change. For their protection, it is essential to
know their distribution, ecology, and status of the ecosystems that they inhabit. Publications that record taxa from the Delta
at species level are scarce, particularly aquatic macroinvertebrates. Identifying organisms to species level can provide more
accurate information for environmental monitoring and conservation programmes but requires significant training and
expertise. Here, we present a comprehensive taxonomical review of 2204 freshwater species from the Okavango Delta and
Lake Ngami, with additional 355 species found in other areas of Botswana that are likely to be present in the study region.
We also compare the diversity of the Okavango Delta and Lake Ngami with two other tropical wetlands: the Pantanal (Bra-
zil) and the Kakadu Region (Australia). We show that biodiversity in the Okavango Delta and Lake Ngami is higher than
in previous estimates, with recorded species richness dominated by phytoplankton and macroinvertebrates. Most species
are widespread across the system and southern Africa. The resulting database includes new records (Bryozoa, Porifera),
information on species conservation status, habitat, ecology, distribution in continental Africa, site details and taxonomical
notes. This will be an essential resource for researchers, conservation managers, policy makers and consultants investigating
freshwater biodiversity in tropical wetlands in the region.

Keywords Biodiversity - Okavango Delta - Conservation - Wetland - Taxonomy

Introduction

The Okavango Delta, located in northern Botswana, is one
of Africa’s largest inland wetlands (Keddy et al. 2009) and
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megafauna (personal observation). Without more detailed
knowledge of the freshwater biodiversity of the Okavango
Delta, particularly at species level, it would be difficult to
accurately know the ecological conditions of its waters and
the severity of human impacts. The latter are currently low
and localised, e.g. water pollution by boats and in the prox-
imity of tourist lodges and human settlements (Mosepele
and Mosepele 2021; Mogobe et al. 2018, 2019), but might
be of greater importance if agricultural and tourist activities
increase along the catchment.

It was not until the second half of the twentieth cen-
tury that researchers started to study freshwater diversity
of the Okavango Delta in more depth, focusing mainly on
fish (Merron 1991,1993; Merron and Bruton 1995), plants
(Ellery and Ellery 1997) and certain macroinvertebrate
groups, including beetles (Bilardo and Rocchi 1987), drag-
onflies (Pinhey 1976), molluscs (Appleton 1979) and nema-
todes (Heyns and Coomans 1991). In the present century, the
knowledge of aquatic diversity in the region has improved
substantially, with more details about the processes that
determine the distribution of macroinvertebrates (Dallas and
Mosepele 2007, 2020; Davidson et al. 2012), fish (Mosepele
et al. 2009) birds (Francis et al. 2021) and algae (Marazzi
2014, 2023). At species level, the composition and dynam-
ics have been described in a comprehensive assessment by
Appleton et al. (2003) and the reviews by Ramberg et al.
(2006) and Mosepele and Mosepele (2021). Further works
also contributed to fill the gaps on understudied taxa, includ-
ing aquatic mites (Vidrine et al. 2006, 2007; Viets 1980;
Smit 2012), zooplankton (Hoberg et al. 2002; Lindholm and
Hessen 2007a, b; Siziba et al. 2011), diatoms (Mackay et al.
2012) and fish parasites (Van As and Van As 2015).

Nevertheless, despite a considerable number of studies,
information at species level continues to be limited and
patchy, especially for bacteria (Cronberg et al. 1995, 1996),
parasites (Ramberg et al. 2006) and macroinvertebrates.
The latter have generally been identified to family or mor-
phospecies level in several studies (Dallas and Mosepele
2007, 2020; Davidson et al. 2012) (with exceptions for par-
ticular taxa). Among macroinvertebrates, Chironomidae,
Ostracoda, Ephemeroptera and Trichoptera are particularly
understudied because of their taxonomic difficulty and the
lack of experts in African fauna.

Freshwater biodiversity continues to decline globally
and rapidly, and at a faster rate than in terrestrial ecosys-
tems (Albert et al. 2020; Reid et al. 2019). Wetlands are
among the most impacted systems, with less than one fifth
of the world’s preindustrial total remaining (Albert et al.
2020). This decline can be exacerbated by a range of fac-
tors, especially climate change, which in the Okavango
Delta is predicted to shorten the length of the rainy sea-
son and increase the frequency and duration of droughts
(Akinyemi and Abiodun 2019). If this is coupled with
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an increase in water abstraction and the construction of
hydropower structures upstream of the Delta, biodiversity
in the Okavango Delta will be under considerable threat
(Wolski and Murray-Hudson 2007). We argue that studies
at species level in the region will help to disentangle the
responses of aquatic organisms to these impacts, and the
biotic and abiotic conditions determining their distribu-
tion, which can be very species-specific in some groups,
e.g. Chironomidae. The combination of taxonomical and
molecular data at species level could also be used in the
identification of new vectors of human and cattle diseases
(as shown in several studies of mosquito populations in
Botswana: Buxton et al. 2019, 2021) and identification
of new species by specialists (or existent species by non-
specialists). Finally, this species-level information—if
well applied—could contribute to a better protection
of local diversity (Mace 2004) through its inclusion in
management and conservation programmes. It can also
complement the existing Okavango Assessment System
(OKASS), modified from the South African Scoring Sys-
tem (SASS) by Dallas and Mosepele (2007) for the Oka-
vango Delta, which is being implemented by the Okavango
Research Institute on a regular basis (Kemosedile et al.
2020).

As rates of freshwater biodiversity loss in tropical
wetlands are not known with certainty, because species
inventories are incomplete (Dudgeon et al. 2009), we
have compiled a comprehensive dataset with all the fresh-
water species recorded in the literature in the Okavango
Delta and Lake Ngami. We have also considered appro-
priate to use this dataset to update the review by Junk
et al. (2006a), by comparing the diversity of the Okavango
Delta (and Lake Ngami) with two other tropical systems
subject to wet-dry cycles: the Pantanal (in Brazil) and
the Kakadu Region (northern Australia). We also look at
common traits that freshwater organisms share in these
three dynamic systems to contend with those dry and wet
periods.

The aims of this study, based on a systematic review of
a wide range of biodiversity resources, are to provide: (1) a
comprehensive list of freshwater organisms inhabiting the
Okavango Delta and Lake Ngami, with information about
their conservation status, habitat, ecology, distribution in
Africa, site details and taxonomical notes (available on
Zenodo: https://doi.org/10.5281/zenodo.8290159); (2) an
overview of the taxonomic composition in the Delta-Lake
Ngami of the nine groups considered: amphibians, birds,
fish, macroinvertebrates, macrophytes, mammals, phyto-
plankton, reptiles and zooplankton; (3) an updated com-
parison among the biodiversity of the Delta-Lake Ngami,
the Pantanal and the Kakadu Region; (4) information on the
conservation status of the freshwater species that have been
recorded in the Delta and Lake Ngami.


https://doi.org/10.5281/zenodo.8290159
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Material and methods
Study region

The Okavango Delta (Fig. 1) is the largest wetland in
southern Africa, which fluctuates in size from 6000-8000
km? during the dry season to > 15,000 km? in the wet sea-
son (Alonso and Nordin 2003), with a total size, including
islands and areas flooded historically (e.g. Lake Ngami,
Mababe Depression) of 28,000 km? (Junk et al. 2006a;
Ramberg et al. 2006). It expands and recedes depending
primarily on the pulses of water (flood pulses) received
from the Angolan mountains and secondarily on the inputs
from local rain. The hydrological gradient in the Delta
creates high heterogeneity of habitats: channels (rivers),
floodplains, lagoons, ponds and pools. These are inhabited
by many species, including endangered and emblematic
mammals (the African Wild Dog, Black Rhino and Afri-
can Savanna Elephant) and birds, like the Wattled Crane.
The Delta is protected under the UNESCO World Heritage

Fig. 1 Map of the Okavango

(2014) and Ramsar Sites Information Service 2.0 (2021)
programmes (Appleton et al. 2003; Ramberg et al. 2006).
Lake Ngami is an integral part of the Delta and an impor-
tant breeding site for birds, with 69 freshwater bird species
recorded in 2005 (Harebottle et al. 2006) and > 58,000 indi-
viduals when it flooded in 2004 (Hancock et al. 2007). It is
intermittently connected to the Delta through the Kunyere
and Nhabe Rivers and has an average fluctuating size of
327.6 km? and depth of 3.5 m (Kurugundla et al. 2018).

In the present study, we compare the biodiversity of the
Delta and Lake Ngami (in terms of number of taxa) with
two other similar systems found in a similar latitude: the
Pantanal (in Brazil) and Kakadu (in northern Australia). The
Pantanal is well studied, and also subject to a predictable
monomodal flood pulse (as the Okavango Delta), with areas
that regularly flood and dry, albeit it is six times larger than
the Okavango Delta, with a total area about 160,000 km?
(Junk et al. 2006b). The wetlands of the Kakadu Region
are east of the city of Darwin in northern Australia. They
include a higher variety of habitats, with intertidal mud-
flats, mangroves, hypersaline flats, freshwater floodplains
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and streams, covering an area of approximately 28,000 km?
(this comprises the Kakadu National Park and land within
the western portion of Arnhem Land, part of the catchment
of the East Alligator River). They are also subject to wet-dry
cycles influenced by the monsoon (Finlayson et al. 2006).

Data compilation

Freshwater species recorded in the Okavango Delta
and Lake Ngami

To establish which organisms should be included in this
review, we followed the definition of freshwater species by
Darwall et al. (2009): “those which depend upon freshwater
habitats for any critical part of their life cycle” e.g. amphib-
ians (egg and tadpole stage). We also included animals that
spend a significant part of their lives in water or near it, for
feeding, reproduction, etc., such as some freshwater birds,
aquatic and semiaquatic mammals and reptiles. In total, we
considered nine groups: amphibians, birds, fishes, macroin-
vertebrates, macrophytes, mammals, phytoplankton, reptiles
and zooplankton.

Determining which plants are aquatic or semiaquatic in
the Okavango Delta is difficult, as many are herbaceous that
inhabit floodplains or grasslands that can be flooded at cer-
tain times of the year, being totally or partially submerged
in water. We considered the following definition of macro-
phyte: “growing in or near water”. We extracted those spe-
cies from Ellery (2003) that belonged to the following nine
categories: aquatic tree, aquatic creeper, emergent aquatic,
free-floating aquatic, floating-leaved aquatic, floating-
stemmed aquatic, aquatic shrub, submerged aquatic and her-
baceous wetland plant. We also included species from Ellery
(2003) found in rainwater pans, margins of lakes, rivers and
streams (excluding trees and shrubs with more terrestrial
character) and confirmed their habitat and ecology based
on Hyde et al. (2023), WFO (2023) and POWO (2023). All
the ferns (Pteridophytes) described in Vega Hernandez and
Caudales (2001) were also included. We also added all the
species in the section “aquatic plants” in Ellery and Ellery
(1997) and those recorded in permanent water as well as
their locations in the Delta.

All species names and location details were collected
from four main sources: (1) scientific publications and ref-
erence books, either printed versions and/or uploaded on the
following databases: Google Scholar, Scopus, Web of Sci-
ence, ProQuest and Biodiversity Heritage Library; (2) refer-
ence lists from identified articles and books; (3) data from
museum collections and research institutions uploaded to
the Global Biodiversity Information Facility (GBIF 2021);
(4) research-grade observations from iNaturalist (2022) and
Naturgucker.de (2021) uploaded to GBIF (although we tried
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to prioritise data from research institutions and museum col-
lections when possible).

The latest taxonomical classification of each group was
checked and updated from a wide range of references (see
Supplementary material 1). When specific sources could not
be found, this information was retrieved from Encyclopaedia
of Life (EOL 2021).

Comparison with similar systems

The number of freshwater taxa recorded in the Pantanal and
Kakadu was extracted from: Alho et al. (2011a, Table 1);
De-La-Monica-Freire and Heckman (1996); Finlayson
et al. (1989, 2006); Junk et al. (20064, b); Pott et al. (2011).
References for each group are available in Table 9 in the
Results section. We applied some modifications to certain
groups (see next section: data analysis).

Within phytoplankton there are species of Cyanobacteria
(Cyanobacteriota sensu Oren et al. 2022).

For macrophytes present in Kakadu, we extracted those
species classified as aquatic (A) and semiaquatic (A/T) from
the appendix by Finlayson et al. (1989) and calculated the
number of species and percentage per family, checking the
latest taxonomic classification on POWO (2023). Authority
names were extracted from Cowie et al. (2000) as Finlayson
et al. (1989) did not include them. It is important to note
that, although the study by Finlayson et al. (1989) is one
of the most comprehensive done in the Kakadu Region (an
area of about 28,000 kmz), it only covers the floodplain of
Magela Creek (220 km?), a tributary of the East Alligator
River.

We determined those aquatic or semiaquatic mammals
(spending most of their lives in or near water) by search-
ing their habitat and ecology on the IUCN website (IUCN
2023). We excluded bats (considered by Junk et al. 2006a
and Finlayson et al. 2006); generalist animals that do not
spend most of their time in floodplains or riparian habitats
(on the ground close to water), but in a variety of them, like
the Bush Dog (Speothos venaticus) or the Crab-eating Fox
(Procyon cancrivorus); arboreal animals such as the opos-
sums: Marmosa murina, M. constantiae, M. demerarae and
Marmosops noctivagus (included as semi-aquatic by Alho
et al. 2011a); animals that are mostly confined to margins of
floodplains, such as dingoes, wallabies and the nabarlek in
the Kakadu Region (Cowie et al. 2000). We did not include
the following introduced animals: feral pig (Sus scrofa),
horse (Equus caballus), donkey (Equus africanus) and cat-
tle (Bos taurus), as they are terrestrial (although they may
spend a considerable time in floodplains).

Finding criteria to classify animals and plants as aquatic
or semiaquatic was challenging, and we suggest that the
freshwater community needs to develop a more robust defi-
nition of what constitutes a ‘freshwater species’.
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Fig.2 World map showing the location of the three tropical wetlands considered in this review

Conservation status, habitat, ecology and distribution
in Africa, location, coordinates

Information about the conservation status, habitat, ecology
and distribution in Africa was collected from the [IUCN Red
List of Threatened Species website (IUCN 2023) and com-
plemented with reference books (Butchard, 2016; Griffiths
et al. 2015 and others in the reference section). Distribution,
habitat and ecology of macrophytes in Africa were collected
from POWO (2023) and WFO (2023). Location names were
checked and corrected using MapCarta (OpenStreetMap
contributors 2022), Google Maps (2021) and specific maps
from the sources of this review (including Appleton et al.
2003; Hart 1997; Mendelsohn et al. 2010; Merron, 1991
and others). All site coordinates were converted to degrees,
minutes and seconds using the Decimal Degrees to Degrees,
Minutes, Seconds conversion tool by RapidTables (2020).

Maps in Figs. 1 and 2 were made using ArcGIS 10.8 Esri
Inc.

Data analysis

Freshwater species recorded in the Okavango Delta
and Lake Ngami

In the calculations of the total number of species per
group, the following were excluded: (1) those listed as
“potentially present” in the dataset, which are found in
other parts of Botswana but not in the Okavango Delta (see
section on “potentially present” species further down); (2)

those whose taxonomical name is dubious or unresolved,
e.g. the diatom Eolimna minima (Grunow) Lange-Bertalot,
nom. illeg., 1999; (3) species not identified further than
genus by the authors (recorded as sp. or spp.). Single sub-
species, formae and varieties were considered as species
in the calculations (e.g. Sesbania bispinosa var. bispinosa
included as S. bispinosa), or in the case of several present,
grouped as a single species (e.g. Gomphocarpus frutico-
sus subsp. fruticosus and Gomphocarpus fruticosus subsp.
rostratus grouped as a single G. fruticosus).

Comparison with similar systems

For a comparison of the number of aquatic invertebrates
among wetlands Junk et al. (2006a) considered micro-
crustaceans (Copepoda, Cladocera), rotifers and molluscs
(Gastropoda and Bivalvia). In this study we grouped
Copepoda, Cladocera and Rotifera into the category “Zoo-
plankton”, together with ciliates, amoebas, gastrotrichs
and testaceans. For the macroinvertebrates, we grouped
all organisms > 1 mm; this includes molluscs (Gastropoda,
Bivalvia), Oligochaeta and Ostracoda. This criterion was
also applied for data from the Kakadu Region extracted
from Finlayson et al. (2006). Among amphibians, we only
considered those species that breed in aquatic environ-
ments. For aquatic birds, we followed the definition by
Junk et al. (2006b): “those birds, that feed almost exclu-
sively by diving, swimming or wading, or that feed on
shores or mudflats in the vicinity of water”.

@ Springer
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Results

Species distribution in the Okavango Delta and Lake
Ngami

Based on the sources used in this review, a total of 2204
freshwater species have been recorded in the Okavango
Delta and Lake Ngami. The groups with the highest num-
ber of species are phytoplankton (753 species) and mac-
roinvertebrates (482 species) (Fig. 3 below).

Most species are widespread across the Delta and
southern Africa, but some have only been recorded in the
Delta so far (e.g. several species of mites and parasites),
and there are three confirmed endemics: the desmid Cos-
marium pseudosulcatum var. okavangicum D.B. William-
son and L. Marazzi, 2013, the diatom Eunotia okawan-
goi Cholnoky, 1966 and the ostracod Sarscypridopsis
harundineti Szwarc, Martens & Namiotko, 2021. Much
further research is needed to map the distribution of many
such species in the African continent and determine their
degree of endemicity.

Species richness per group in the Okavango Delta
and Lake Ngami

In this section we present the species richness and percent-
age of each family within each group considered in this
review (Fig. 3). For some we only show the three families
with the highest species richness. All the complete tables
can be found in supplementary file 2.

Number of species per group
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Phytoplankton (Algae)

Dominated by green algae of the desmid families Desmidi-
aceae (247 species) and Closteriaceae (31 species), followed
by diatoms of the family Eunotiaceae (28 species) (Table 1).

Zooplankton

Dominated by rotifers. The families with the highest rich-
ness are the rotifer families Lecanidae (46 species) and
Lepadellidae (25 species), followed by water fleas of the
family Chydoridae (23 species) (Table 2).

Macrophytes

Within aquatic plants, sedges (Cyperaceae) and grasses
(Poaceae) dominate, with 93 and 71 species respectively,
followed by sunflowers (Asteraceae) with 26 species. The
most common growth forms are grasses, sedges and reeds
(58.7%), followed by emergent, free-floating creepers
(34.3%). Submerged species represent 7% of the total num-
ber of species (Table 3).

Macroinvertebrates

The macroinvertebrates are a very heterogeneous group
comprised of species from very different phyla. In the
study areas, richness is dominated by Odonata (96 species),

Table 1 Number of recorded freshwater phytoplankton species in the
Okavango Delta and Lake Ngami and percentage in each family (only
the 3 families with the highest richness are shown)

Family Number of species Percentage
Desmidiaceae 247 32.8%
Closteriaceae 31 4.1%
Eunotiaceae 28 3.7%

Total recorded 753 100%

Table2 Number of recorded freshwater zooplankton species in the
Okavango Delta and Lake Ngami and percentage in each family (only
the 3 families with the highest richness are shown)

Family Number of species Percentage
Lecanidae 46 17.4%
Lepadellidae 25 9.4%
Chydoridae 23 8.7%

Total recorded 265 100%
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Table 3 Number of recorded macrophyte species in the Okavango
Delta and Lake Ngami and percentage in each family (only the 3 fam-
ilies with the highest richness are shown)

Table 4 Number of recorded freshwater fish species in the Okavango
Delta and Lake Ngami and percentage in each family (only the 3 fam-
ilies with the highest richness are shown)

Family Number of species Percentage Family Number of species Percentage
Cyperaceae 93 23.1% Cichlidae 24 24%
Poaceae 71 17.7% Cyprinidae 19 19%
Asteraceae 26 6.5% Mormyridae 10 10%

Total recorded 402 100% Total recorded 100 100%

Diptera (83 species) and Coleoptera (68 species) (Fig. 4
below).

Fish

Dominated by cichlids (Cichlidae) and minnows and
carps (Cyprinidae), with 24 and 19 species respectively,
followed by freshwater elephantfish (Mormyridae) with
10 species (Table 4).

Amphibians

Grassland frogs (Ptychadenidae) and true toads (Bufo-
nidae) are the families with the highest number of species,
with 9 and 8 species respectively (Table 5).

Fig.4 Number and percentage
of freshwater macroinvertebrate
species per group found in
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Table5 Number of recorded freshwater amphibian species in the
Okavango Delta and Lake Ngami and percentage in each family (all
families shown)

Family Number of species Percentage
Ptychadenidae 9 23.7%
Bufonidae 8 21.1%
Pyxicephalidae 6 15.8%
Hyperoliidae 5 13.2%
Phrynobatrachidae 3 7.9%
Pipidae 3 7.9%
Hemisotidae 2 5.3%
Microhylidae 1 2.6%
Rhacophoridae 1 2.6%
Total 38 100%
Reptiles

Dominated by freshwater snakes (Colubridae) and terra-
pins (Pelomedusidae), with 5 and 4 species respectively
(Table 6).
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Table 6 Number of recorded freshwater reptile species in the Oka-
vango Delta and Lake Ngami and percentage in each family (all fami-
lies shown)

Family Number of species Percentage
Colubridae 5 41.7%
Pelomedusidae 4 33.3%
Crocodylidae 1 8.3%
Pythonidae 1 8.3%
Varanidae 1 8.3%

Total 12 100%

Table7 Number of recorded freshwater mammal species in the
Okavango Delta and Lake Ngami and percentage in each family (all
shown)

Family Number of species Percentage
Bovidae 4 36.4%
Mustelidae 2 18.2%
Herpestidae 1 9.1%
Hippopotamidae 1 9.1%
Muridae 1 9.1%
Soricidae 1 9.1%
Thryonomyidae 1 9.1%

Total 11 100%

Table 8 Number of waterbird species recorded in the Okavango Delta
and Lake Ngami and percentage in each family (only the 5 families
with the highest richness are shown)

Family Number of species Percentage
Ardeidae 18 12.8%
Scolopacidae 15 10.6%
Anatidae 14 9.9%
Rallidae 13 9.2%
Charadriidae 12 8.5%

Total recorded 141 100%
Mammals

Aquatic mammal species are dominated by ruminants (Bovi-
dae) and otters (Mustelidae), with 4 and 2 species respec-
tively (Table 7).

Birds

Dominated by herons (Ardeidae) and sandpipers (Scolopaci-
dae), with 18 and 15 species respectively (Table 8).
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Comparison with similar systems: the Pantanal
and the Kakadu Region

As seen in Table 9 below, the number of freshwater species
recorded in the Okavango Delta is considerable higher than
in the Pantanal and the Kakadu Region, although this com-
parison must be taken with caution (see discussion).

Conservation status

The conservation status of many species in the Delta and
Lake Ngami has not been assessed (see discussion). Of
those assessed, the majority are of least concern, with the
exceptions in the table below. There are 10 near threatened
species, 9 vulnerable, 2 endangered and 1 critically endan-
gered, the Yellow-belly bream (Serranochromis robustus)
(Table 10).

Discussion

In the present study we found that freshwater biodiversity in
the Okavango Delta is higher than previously thought, with
some 2204 freshwater species recorded in the literature. Junk
et al. (2006a) and Ramberg et al. (2006) estimated less than
a thousand species, although, as stated by them, available
data for accurate comparisons were insufficient at the time of
both publications. Some groups are very likely to be grossly
underestimated, and there is a considerable difference in
size between the systems (the Kakadu Region: ~ 28,000
km? sensu Finlayson et al. 2006; the Pantanal:~ 160,000
km? according to Junk et al. 2006b; the Okavango Delta:

~ 28,000 km? according to Ramberg et al. 2006). In addi-
tion, many studies have focused only on specific areas, such
as the Magela floodplain in the Kakadu Region (Finlayson
et al. 1989, 2006) or the Pantanal of Poconé (De-Lamonica-
Freire and Heckman 1996; Do Prado et al. 1994; Hardoim
and Heckman 1996; Heckman, 1998). Finally, the criteria
to determine what species can be considered aquatic and
semiaquatic vary between studies.

Freshwater organisms in the Okavango Delta and con-
nected Lake Ngami are adapted to constant change, i.e.
floods and droughts, due to the seasonality of the local pre-
cipitation and the flood pulse, that is ultimately the main
force shaping their composition and dynamics (David-
son et al. 2012; Mosepele and Mosepele 2021). In such a
dynamic environment, we found that (recorded) richness is
dominated by phytoplankton, macroinvertebrates and, to a
lesser extent, macrophytes. In the Kakadu, phytoplankton
dominates, followed by macroinvertebrates and zooplank-
ton (Table 9, above). The Pantanal has a high richness of
zooplankton and phytoplankton species, followed by macro-
phytes. It is remarkable that most amphibians in the Pantanal
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Tablg 9 Number of freshwater Group Pantanal Kakadu Okavango Delta
species per taxonomical group
recorded in the Pantanal, Phytoplankton (algae, including blue-green algae) 337k 690¢ 7531
the Kakadu Region and the Zooplankton (excluding Ostracoda) 736 2894 2657
Okavango Delta .
Macrophytes 2802 3P 402
Macroinvertebrates (including Ostracoda, Bivalves and 80*f 5124 4827
Snails)
Fishes 263 44 (62)%* 100%
Amphibians 2f 264 38
Reptiles (aquatic, semiaquatic) 12f gedhi 121
Mammals (aquatic, semiaquatic) 12* 7eh 1
Birds (waterbirds) 641 994 1411
Total 1786 1787 2204

?From Alho et al. (2011a, b)

"From Appendix in Finlayson et al. (1989) (includes aquatic and semiaquatic)

‘From Cowie et al. (2000)
dFrom Finlayson et al. (2006)
°From Junk et al. (2006a)
fErom Junk et al. (2006b)
€From Pott et al. (2011)
"Erom Press et al. (1995)
iIFrom Shine (1986)

From this review

*Underestimated

Table 10 Near threatened, vulnerable, endangered and critically endangered species in the Okavango Delta and Lake Ngami

Group Order Family Species Conservation status
Birds Charadriiformes Glareolidae Glareola nordmanni Near threatened
Birds Charadriiformes Scolopacidae Calidris ferruginea Near threatened
Birds Charadriiformes Scolopacidae Numenius arquata Near threatened
Birds Ciconiiformes Ciconiidae Ciconia episcopus Near threatened
Macroinvertebrates Odonata Aeshnidae Anax bangweuluensis Near threatened
Macroinvertebrates Odonata Libellulidae Trithemis aequalis Near threatened
Macroinvertebrates Odonata Libellulidae Trithemis brydeni Near threatened
Mammals Artiodactyla Bovidae Kobus leche Near threatened
Mammals Carnivora Mustelidae Aonyx capensis Near threatened
Mammals Carnivora Mustelidae Hydrictis maculicollis Near threatened
Birds Gruiformes Gruidae Grus carunculata Vulnerable
Birds Pelecaniformes Ardeidae Egretta vinaceigula Vulnerable
Fish Cichliformes Cichlidae Oreochromis andersonii Vulnerable

Fish Cichliformes Cichlidae Oreochromis macrochir Vulnerable

Fish Cichliformes Cichlidae Oreochromis mossambicus Vulnerable

Fish Siluriformes Clariidae Clarias submarginatus Vulnerable
Macrophytes Asterales Asteraceae Ethulia conyzoides subsp. conyzoides Vulnerable
Mammals Artiodactyla Hippopotamidae Hippopotamus amphibius Vulnerable
Zooplankton Calanoida Diaptomidae Tropodiaptomus kissi Vulnerable
Birds Gruiformes Gruidae Balearica regulorum Endangered
Macrophytes Caryophyllales Droseraceae Aldrovanda vesiculosa Endangered
Fish Cichliformes Cichlidae Serranochromis robustus Critically endangered
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are terrestrial or arboreal, and only two can be considered
aquatic or semiaquatic (Lysapsus limellus and Pseudis par-
adoxa) (Junk et al. 2006b). Phytoplankton, macroinverte-
brates and zooplankton thrive when nutrients accumulated
on the floodplains are mobilised by the flood pulse, thereby
supporting fish populations and higher trophic levels in a
cascade effect (Davidson et al. 2012; Mackay et al. 2012;
Marazzi 2014; Siziba et al. 2011). They also benefit from
the presence of macrophytes, which offer surface (where
periphyton can grow) and nutrients (when they decay)
(Mazebedi 2019).

Species composition and dynamics per group
in the Okavango Delta and Lake Ngami

Bacteria is a group that is rarely studied in tropical wet-
lands. The only information available in the Delta other than
Cyanobacteria is a list of 34 species of public health inter-
est, included in two publications by Cronberg et al. (1995,
1996), who sampled in the central section (Jao/Boro River)
and the Kwando/Linyanti/Chobe region. Many species on
that list belong to the family Enterobacteriaceae and are
pathogenic or opportunistic pathogens, affecting fish (e.g.
Listonella anguillarum), plants (e.g. Dickeya chrysanthemi,
Pseudomonas asplenii), humans and cattle (e.g. Brucella
melitensis, Escherichia coli, Enterobacter spp.). Since the
focus of those studies was not on recording species diver-
sity, we decided not to include the results in our evaluations.
Moreover, the actual number of species in the Delta is likely
to be of the order of tens of thousands and include many
undescribed taxa.

Most of the 753 phytoplankton species known to occur
in the Okavango Delta and Lake Ngami are benthic or peri-
phytic, and the highest diversity occurs in seasonally flooded
areas, where there is higher heterogeneity of habitats and
water depth, in contrast to the permanently flooded area
known as Panhandle (Fig. 1). There is also a zonation by
size, with larger species (e.g. Eunotia pectinalis, Synedra
spp.) being more common in the Panhandle, and smaller
species in distal regions (e.g. Boro and Santandibe). This
might be explained by nutrient concentration and flood dis-
turbance, which interrupts algal succession in lower reaches
and favours smaller algae with faster nutrient uptake (e.g.
Cosmarium spp., Monoraphidium arcuatum, Scenedesmus
spp.), while in the Panhandle, bigger diatoms might com-
pete better for the lack of nutrients (Marazzi 2014). Taxon
richness, diversity and biomass are lower during the flood-
ing phase, as there is a dilution effect (Marazzi 2014). The
family Desmidiaceae is the most species rich (247 species,
32.8%), followed by the Closteriaceae (31 species, 4.1%).
Some species of desmids (Cosmarium spp., Staurastrum
spp.) have developed morphological adaptations that allow
them to withstand drought for several months, such as small
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surface/volume ratio, thick cell walls and mucilage secretion
(see étastn)’/ 2008).

Zooplankton richness in the Delta is dominated by rotifers
(families Lecanidae and Lepadellidae) and water fleas (Chy-
doridae), but at different stages of the flood. Rotifers (espe-
cially Brachionus calyciflorus and Asplanchna sieboldii)
can survive in waters with high temperature (as high as
40°C) and high turbidity during drought, as long as oxygen
and salinity are not extreme (Crome and Carpenter 1988).
These are the dominant taxa across the Delta (Cronberg et al.
1996). Water fleas usually appear in higher numbers during
the filling phase (Lake 2011) or high-water phase (peak)
(Crome and Carpenter 1988; Siziba et al. 2011). They avoid
fish predation by feeding on epiphytic algae accumulated
among macrophytes, which also offer refuge (Siziba et al.
2011). Zooplankton species in the Okavango Delta can
withstand droughts for years in the sediments by remaining
dormant or producing egg banks, and increase in popula-
tion sizes in very short time when the flood arrives. These
booms are facilitated by very short generation times and the
availability of nutrients derived from animal dung (Siziba
et al. 2013). Rare species (e.g. Asplanchnopus multiceps,
Epiphanes senta, Sinantherina sp.) may appear when dry
areas are inundated very occasionally (once in decades)
(West 2016). Several authors have found that the highest
diversity and biomass of zooplankton occurs in seasonal
floodplains (Lindholm et al. 2009; Ramberg et al. 2006;
Siziba et al. 2013), while channels (rivers) have low spe-
cies richness and abundance, which can be attributed to fish
predation (Cronberg et al. 1996). As a defence mechanism
against fish, some cladocerans (e.g. Daphnia laevis) may
undergo cyclomorphosis, with changes such an increase in
tail length (Lindholm 2002).

Most of the known 402 macrophyte species in the Delta
belong to the families Cyperaceae (sedges) and Poaceae
(grasses). There is an increase in local species richness
(alpha diversity) from the Upper Panhandle to the lower
reaches of the delta, with the greatest number recorded in
the southwest of the Moremi Game Reserve, where there
is high habitat heterogeneity and unique species in iso-
lated pools (Ellery and Tacheba 2003). The distribution is
determined by six factors: (1) the hydrological regime, (2)
nutrient and sediment supply, (3) sediment deposition, (4)
type of substratum, (5) salinity and (6) activity of ecosystem
engineers (Ellery and Tacheba, 2003; Murray-Hudson et al.,
2014). Again, the flood pulse is the main force shaping plant
diversity, and, as the length of the hydroperiod increases,
plant communities change from open woodland to aquatic
communities and vice versa (Murray-Hudson et al. 2014).

Within the macroinvertebrates, the orders Odonata, Dip-
tera and Coleoptera have the highest number of species (96,
83 and 68 respectively). These three groups have multiple
adaptations to drought, and their adult stages can fly out of
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drying pools or pans in the search of persisting waterbodies
(Lake 2011). In the case of Libellulidae, the richest Odonata
family in the Delta, some species can produce a new genera-
tion in temporary pools and fly very long distances, such as
Pantala flavescens (Suhling and Martens 2007). Beetles of
the genera Rhantus and Eretes have been seen migrating
from drying ponds and might even have the ability to com-
municate the signal among individuals (Lytle et al. 2008).
Other adaptations in Diptera (e.g. Aedes) and Odonata (e.g.
most Lestes and some Sympetrum) are egg diapause and
having several generations per year, e.g. Trithemis monardi
(Kipping 2010; Pachka et al. 2016; Suhling and Martens
2007). Macroinvertebrate species richness is relatively uni-
form across the Delta, probably because of low oxygen con-
ditions in some sites and predation pressure by opportunistic
fishes (Alonso and Nordin 2003). Richness (at species level)
is higher in isolated and ephemeral pools in Moremi Game
Reserve and Chief’s Island areas (Alonso and Nordin 2003).
The actual number of macroinvertebrate species in the Delta
might be in excess of 800, with around 100 species of Chi-
ronomidae (non-biting midges) alone (personal observation).

The number of fish species is difficult to estimate because
of the unresolved taxonomic status of some taxa (e.g. Micro-
panchax spp.) but may well be over 100. Furthermore, in
recent publications by Braganca et al. (2020, 2021), south-
ern African species of the genus Lacustricola have been
regrouped, using morphometric, meristic and osteological
characters. These revisions, combined with DNA-based
studies, are urgently needed to complete the taxonomy of
freshwater fishes in Southern Africa (Chakona et al. 2022),
which was estimated to be about 90% resolved by Skelton
(1996). In the Delta and Lake Ngami Cichlidae (Cichlids)
and Cyprinidae (Minnows and Carps) are the families with
the highest number of species. Catfish (Order Siluriformes)
are also very abundant. The cichlids are midwater slow
swimmers with laterally compressed bodies and broad fins,
which makes them agile predators, both in open waters and
among vegetation. They have a flexible diet, from being
mainly piscivorous, to insectivorous or detritivores, which
is clearly an advantage in a dynamic system (Ramberg et al.
2006). Minnows and carp have a fusiform body with short
dorsal and anal fins that allow them to manoeuvre at high
speeds; they are all predators on the upper layer of open
water (Ramberg et al. 2006). Overall, there is a low biomass
of fish in the Delta, perhaps due to the general low concen-
tration of nutrients in the water (Hogberg et al. 2002). Their
distribution is influenced by the permanence of water and
the flow rate (Merron 1991; Ramberg et al. 2006).

Most of the amphibians require both aquatic and ter-
restrial habitats for their life cycle, and in the Delta, only
three are fully aquatic (Xenopus laevis, X. muelleri and X.
petersii). Their diversity is influenced by habitat availability,
which is maximum in the periphery of the Delta (Le Roux

2010). Bufonidae (True toads) and Ptychadenidae (Grass-
land frogs) are the families with the highest number of spe-
cies; many are well adapted to changeable environments and
can breed in temporary waters, such as pans and rain pools
(e.g. Poyntonophrynus kavangensis, Sclerophrys garmani,
Sclerophrys poweri, Ptychadena mossambica, Ptychadena
anchietae) (Butchart 2016). There are two types of breed-
ing strategies: continuous and explosive. In the former, the
flood pulse triggers a second breeding peak, while inhibiting
reproduction in the latter, for which rainfall acts as a cue
(Le Roux 2010). Both types of breeders have widespread
distribution across the Delta.

The reptiles are all able to exploit both freshwater and
terrestrial habitats. Snakes of the family Colubridae and ter-
rapins (Pelomedusidae) have the highest number of species.
With the exception of Crotaphopeltis barotseensis, a largely
aquatic snake (Rasmussen 1997), the rest of species are sem-
iaquatic, feeding mainly on frogs, although some also on fish
(e.g. Limnophis bangweolicus and Natriciteres olivacea).
Terrapins are well adapted to changing environments, such
as temporary pans, as they can bury themselves and enter
into a torpid state. Their diet is varied, feeding generally on
frogs, aquatic insects and molluscs, but Pelomedusa sub-
rufa and Pelusios rhodesianus feed on aquatic plants as well
(Butchart 2016).

Within aquatic or semiaquatic mammals (those that spend
most of their lives in or near water), ruminants (Bovidae)
and otters (Mustelidae) have the highest number of species.
Bovids in the Delta have modified hooves that allow them
to move through mud; Tragelaphus spekii and Kobus leche
are also good swimmers, being able to exploit different
habitats. They are selective grazers on grasses, being com-
mon on floodplains (Butchart 2016). Cattle (Bos faurus) and
donkeys (Equus africanus) can spend a considerable time
grazing in floodplains and it is common to see cows wading
in water feeding on aquatic plants (personal observation),
but we have not included them, as they are predominantly
terrestrial. The two species of otters (Aonyx capensis and
Hydrictis maculicollis) are predominantly aquatic, and thus
more common in the permanently flooded Panhandle and
permanent lagoons and channels across the Delta. Their diet
is mainly piscivorous, but they can also feed on frogs and
crabs (Butchart 2016; Griffiths et al. 2015).

Densities of birds are generally low in the Delta, except
in areas where nutrients or fish accumulate, as in the Tha-
malakane River, lagoons (e.g. Xakanaxa, Gadikwe), drying
pools and the Lake Ngami when it floods (Hancock et al.
2007). Breeding colonies are associated with high frequency
of inundation (once every 5 years at least) and the pres-
ence of riparian woodland, such as Water figs (Ficus ver-
ruculosus) and reeds (Phragmites australis), which favour
roosting (Francis et al. 2021; Hancock et al. 2007). Ardei-
dae (herons) and Scolopacidae (sandpipers) are the families
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with the highest number of species. They generally have
an omnivorous and opportunistic diet, feeding on aquatic
and terrestrial prey and even seeds (e.g. Ardea spp., Calid-
ris spp., Numenius spp.). The Okavango Delta supports the
largest concentration of Wattled cranes (Grus carunculata)
in the world, 75-80% of the world’s estimated Slaty egrets
(Egretta vinaceigula) and the largest colonies of Marabou
storks (Leptoptilos crumenifer) and Yellow-billed storks
(Mycteria ibis) in southern Africa. The endangered Grey-
crowned crane (Balearica regulorum) is occasionally pre-
sent (Hancock et al. 2007).

Conservation status and endemic species
in the Okavango Delta and Lake Ngami

According to the report by Darwall et al. (2009), the levels
of threat to the freshwater fauna in southern Africa are low,
with 7% of the species classified as endangered. However,
this needs to be updated, since the data to assess the con-
servation status of many taxa are insufficient. For instance,
in the Delta and Lake Ngami, none of the phytoplankton
species, only a single species of zooplankton (out of 261
recorded), 123 species of aquatic macroinvertebrates (out of
477) and 108 macrophytes (out of 178) have been assessed
globally. The conservation status of fish and amphibians is
better known, with 85 fish (out of 100) and 37 amphibians
(out of 38) being assessed.

The Delta is a crucial refuge and breeding site for the
cichlid Serranochromis robustus, a piscivorous fish that is
critically endangered because of heavy fishing and habitat
destruction (IUCN 2023), the endangered Grey-crowned
crane (Balearica regulorum) and the Waterwheel plant
(Aldrovanda vesiculosa). Van Rensburg (2001) found
specimens of the endangered snail Lobogenes michaelis in
Guma Lagoon channel, but we think that they should be re-
examined by experts because of its taxonomical difficulty.
Therefore, we included the species as “potentially present”
in the dataset.

Although previous reviews reported no endemics (Ram-
berg et al. 2006), we found two confirmed endemic spe-
cies of algae from the Delta in the literature: Cosmarium
pseudosulcatum var. okavangicum D.B. Williamson and L.
Marazzi, 2013, and Eunotia okawangoi Cholnoky, 1966.
This number will certainly increase in the future as the
knowledge on the taxonomy and distribution of understudied
groups of algae and other organisms improves. For instance,
several mites of the genus Arrenurus described by Viets
(1980) and Smit (2012) and Unionicola botswaniana by
Vidrine et al. (2006) have only been recorded in the Delta,
but they might be present in other African countries as well.
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“Potentially present” species: connections
between the Delta and other systems in Botswana

Most of the species listed as “potentially present” on the
database (available on Zenodo) have been found in the
Chobe-Kwando-Linyanti system and the Makgadikgadi
Pans. Due to dispersal traits mentioned above (e.g. flying
insects, etc.), wind and animals acting as dispersal agents,
and similarity of conditions between the Delta and the
Chobe-Kwando-Linyanti system, it seems very likely that
many of those species might be found in the Delta as well.
In fact, Cronberg et al. (1995) observed that plankton assem-
blages in the Okavango Delta were similar to the Kwando-
Linyanti-Chobe system.

There are three key reasons why species observed in the
Kwando-Linyanti-Chobe area and Makgadikgadi Pans are
likely to be found in the Delta. First, the Delta is connected
to the Kwando-Linyanti system (although very occasion-
ally) through the Selinda Spillway in the northeast, ulti-
mately reaching the Zambezi basin (Van As and Van As
2015). This channel was dry for 3 decades, but it has been
flowing again since 2009. Second, dust, which is very likely
originated in the Makgadikgadi Pans, can be transported by
the predominant easterly winds and deposited on tree-cov-
ered islands in the seasonal floodplains of the Delta (Hum-
phries et al. 2020). This dust may contain resistant forms
of aquatic organisms (e.g. spores, bryozoan statoblasts,
cladoceran resting eggs), and diatoms (Kristiansen 1996).
Third, animals migrating from the Makgadikgadi Pans to
the Okavango Delta might act as dispersal vectors of many
aquatic species, such as waterfowl (as seen in other regions:
Coesel and Duque 1988; Reynolds and Cumming 2015)
and zebras, which have recently been tracked following an
ancient migratory route between the two systems (Bartlam-
Brooks et al. 2011). Elephants, warthogs and rhinos might
also be involved (Vanschoenwinkel et al. 2011) but future
studies should address this question.

Comparison with similar systems: the Pantanal
and the Kakadu Region

In their review, Junk et al. (2006a) compared the overall
species diversity of seven wetlands, including freshwater,
terrestrial and sometimes even marine species, e.g. fishes
in the Everglades. Because species data were insufficient at
the time of that publication, numbers of some groups were
grossly underestimated, and new studies have been published
since then. In this section we try to give an updated compari-
son, limited to aquatic (freshwater) and semiaquatic species
in three tropical wetlands of the southern hemisphere: the
Pantanal, the Kakadu Region, and the Okavango Delta and
Lake Ngami.
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The information about bacteria (other than Cyanobacte-
ria) present in the three tropical wetlands considered in this
review is scarce. They were not mentioned by Junk et al.
(2006a), Ramberg et al. (2006) or Finlayson et al. (2006).
In the Pantanal, Silva Nunes et al. (2001) carried out a pre-
liminary analysis of the abundance of planktonic bacteria
on the main rivers of the Upper Paraguay River Basin (pla-
teau and Pantanal plains), finding an average of 278 x 10*
ml~!, although the number of species was not determined.
In Kakadu National Park, Nelson et al. (2016) found 16691
OTUs in floodplain soils subject to inundation, which there-
fore could be considered semi-aquatic, although not plank-
tonic and not strictly freshwater, as there was salt intrusion
in the system. As previously mentioned, from the Okavango
Delta there is only one list of 34 species published by Cron-
berg et al. (1995, 1996). From the reduced number of stud-
ies, we can conclude that there is a big gap in the knowledge
of bacteria populations in tropical wetlands.

In the Pantanal, 337 species of phytoplankton have been
identified (Junk et al. 2006b) compared to the Kakadu
Region (690) (Finlayson et al. 2006) and the Delta (753);
this seems an underestimation. The family Desmidiaceae
(Phylum Charophyta) is the most species rich of the three
systems (Do Prado et al. 1994; Finlayson et al. 2006; Junk
et al. 2006b; Marazzi 2014), especially during high water, as
they are capable of surviving in this nutrient-depleted phase
(Do Prado et al. 1994). Marazzi (2014) estimated that 66%
of the algal species (of a total of 496) and 72% of the genera
thought to exist in the Okavango Delta were found in his
study, thus the number of 755 species found in this review
might be very close to the actual number of extant species.

There is a high diversity of zooplankton in the Pantanal,
with 736 species recorded and a dominance of testate amoe-
bae and rotifers (Junk et al. 2006b). This high number may
be an indication that the group might be understudied in
both the Kakadu Region (with 289 species) (Finlayson et al.
2006) and the Delta (where 265 species have been recorded).
Interestingly, rotifers represent a high percentage in the three
systems (Finlayson et al. 2006; Junk et al. 2006b), while
sarcodines and ciliates are less numerous, particularly cili-
ates, which are outnumbered by testaceans (Hardoim et al.
1996; Junk et al. 2006). This could be due to water tempera-
ture tolerance, as rotifers are able to survive in habitats with
temperatures that can reach or even exceed 40 °C (such as
shallow pools during the dry season), while ciliates are not
well adapted. Many taxa can withstand periodic dryness as
cysts below the sediment surface and reappear quickly after
the first rains or floods (Hardoim et al. 1996).

The number of macrophytes in the Kakadu Region is dif-
ficult to estimate because of its vast area. As explained in
the methodology, most studies have focused on the Magela
floodplain (Finlayson et al. 1989, 2006). We extracted a total
of 83 aquatic and semi-aquatic species from Finlayson et al.

(1989), but numbers vary considerably between studies; for
instance, Junk et al. (2006a) reported 75 species. Poaceae
(grasses) is the family with the highest number of species
in the Magela floodplain, followed by Cyperaceae; this is
also the case in the Pantanal (Do Prado et al. 1994; Junk
et al. 2006b; Pott et al. 2011). Many plants in this family are
rhizomatous and therefore can reproduce both sexually and
vegetatively, which is advantageous in environments with
water-level fluctuations (Cowie et al. 2000). In the Okavango
Delta, Junk et al. (2006a) estimated around 350 species; fol-
lowing our criteria, we found 402 aquatic and semiaquatic
species, with Cyperaceae (sedges) being the most species-
rich family, followed by Poaceae. Some taxa in Cyperaceae
have underground storage organs that allow them to persist
during the dry season and a well-developed aerenchyma that
facilitates gas exchange and provides buoyancy (Cowie et al.
2000).

Eighty species of macroinvertebrates (excluding zoo-
plankton, see methodology) have been described in the
Pantanal, which compared with the Kakadu Region (512)
and the Delta (482) seems grossly underrepresented. There-
fore, this number is expected to increase as more taxonomic
studies are being undertaken. Among insects, chironomids
(Diptera: Chironomidae) are the most diverse in the Panta-
nal and the Kakadu Region (122 species) (Finlayson et al.
2006; Junk et al. 2006). This might be also the case in the
Okavango Delta, pending the publication of a preliminary
checklist of chironomids by the correspondent author, which
might have around 100 species (personal observation). For
now, dragonflies are the most species-rich in the Okavango
Delta, with 96 species recorded. Generally, the invertebrate
taxa found in the three systems have two types of life cycle:
they either produce a single generation per year (e.g. Por-
ifera) or multiple generations interrupted by resting stages
(e.g. several beetle species within the genus Berosus). Some
species in the families Belostomatidae, Hydrophilidae and
Dytiscidae spend the dry season as adults within the sedi-
ment (aestivation), or migrating to waterbodies that have not
dried up, mating with the onset of the first rains (Heckman
1998). Many others produce drought-resistant forms, such
as statoblasts (Bryozoa), gemmulae (Porifera) or persistent
eggs (some species of Chironomidae).

Regarding fish, in the Pantanal, the most species-rich
families are Characidae (Order Characiformes, 76 species,
28.9%) and Loricariidae (Order Siluriformes, 36 species,
13.7%). According to Finlayson et al. (2006), 62 species
of fish have been recorded in freshwaters in the Kakadu
Region, of which 44 are entirely freshwater, 4 reproduce in
estuarine or marine waters and 14 are marine or estuarine
that enter non-tidal freshwaters. The families Eleotrididae
(8 species, 12.9%) and Terapontidae (6 species, 9.7%) have
the highest number of species, both within the Order Per-
ciformes (Finlayson et al., 2006). In the Delta, Cichlidae
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(Order Perciformes, 24 species, 24%) and Cyprinidae (Order
Cypriniformes, 19 species, 19%) are the richest. Many fishes
in the Pantanal and the Delta are omnivorous and r-strate-
gists (Junk et al. 2006b), while in the Kakadu Region, there
is a broad range of feeding strategies depending on the loca-
tion within the catchment, from herbivores/detritivores to
omnivores and predators. Many species also exhibit some
form of parental care (Finlayson et al. 2006). In all systems,
fishes actively move between habitats (nurseries, corridors,
and floodplains) when these are re-connected by the flood
pulse during the wet season. They have also adapted their
life cycle to the flood pulse, with many species spawning at
the beginning of the wet season. High natural fish mortalities
(“fish kills”) are common in the three systems when the first
flows bring high concentrations of organic matter and stir the
sediments, depleting the oxygen in the water, although some
species have developed specific adaptations to anoxia (Fin-
layson et al. 2006; Junk et al. 2006b; Ramberg et al. 2006).

There is a poor diversity of aquatic or semiaquatic
amphibian species in the Pantanal, with only two species
(Lysapsus limellus and Pseudis paradoxa), as the majority
are terrestrial or arboreal (Junk et al. 2006b). By contrast,
in the Kakadu wetlands there are 26 species of amphibians
in 4 families, including the invasive Cane toad (Finlayson
et al. 2006). In the Okavango Delta, there are 38 freshwater
species distributed in 9 families, and no invasive species
have been recorded.

Junk et al. (2006b) reported 12 aquatic or semiaquatic
reptiles from the Pantanal, the same number as in the Oka-
vango Delta, but in the former, there is a higher variety of
snakes (65 species). The Kakadu wetlands have a higher
diversity of reptiles, with 19 aquatic and semi-aquatic spe-
cies recorded. Some inhabit estuarine habitats, but can also
migrate long distances upstream, e.g. Crocodylus porosus
(IUCN 2023). There is one fully aquatic snake (Acrochordus
arafurae), six species of freshwater turtles and two species
of crocodile: the Estuarine or Saltwater crocodile (Croco-
dylus porosus) and the Freshwater crocodile (Crocodylus
Jjohnstoni) (Finlayson et al. 2006; Press et al. 1995).

The most updated study of mammals in the Pantanal was
published by Alho et al. (2011a), who recorded 174 spe-
cies, of which we considered 12 as predominantly aquatic or
semiaquatic (Table S14 in Supplementary material 1). These
include three species of rats, two species of water opossum,
two species of otter, the Capybara, the Marsh deer, the Crab-
eating racoon, the South American tapir and the introduced
Water buffalo (Bubalus bubalis) (Alho et al. 2011b). The
lowest number of aquatic or semiaquatic mammals is found
in Kakadu, with seven species: four rodents, two species of
dasyiurids (Finlayson et al. 2006) and the Water Buffalo,
which is also introduced to this system (Woodward et al.
2011). We did not consider bats. In the Okavango Delta,
there are 11 species, of which only the hippopotamus and
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2 species of otter spend most of their lives in water, while
others, such as the Water mongoose, Water and Cane rats
and Swamp musk shrew, live predominantly in riparian habi-
tats (Butchart 2016; Junk et al. 2006a). In addition, several
domestic stock species that may use the floodplains but are
predominantly terrestrial have been introduced to the three
systems (and therefore not considered in the comparison).
Cattle (Bos taurus) and horses (Equs caballus) are present
in the three systems, while the Wild boar (Sus scrofa) can
be found in the Pantanal and the Kakadu Region (Alho et al.
2011b; Finlayson et al. 2006; Woodward et al. 2011). Don-
keys are common in the Okavango Delta (personal observa-
tion) and the Kakadu Region (Woodward et al. 2011). In
the latter, camels (Camelus dromedarius) and goats (Capra
hircus) have also been introduced (Woodward et al. 2011).

The total number of waterbirds in the Pantanal (“aquatic
species” sensu Junk et al. 2006b) is 64, but unfortunately,
the detailed list with the most abundant families is not avail-
able, as calculations by Junk et al. (2006b) were based on
an unpublished study by Petermann. They reported the
order Ciconiiformes as the most species rich. In the Kakadu
Region, Finlayson et al. (2006) recorded 99 species of
waterbirds (107 species in Kakadu National Park accord-
ing to Junk et al. 2006a and 92 according to BMT WMB
2010). The family Scolopacidae (order Charadriiformes)
is the richest, which in the Delta is the second richest. In
the Delta we found 141 waterbird species, with the family
Ardeidae (Order Pelecaniformes) being the richest, followed
by Scolopacidae (Charadriiformes). As mentioned above,
members of this family have an omnivorous and opportun-
istic diet.

Regarding endemic species, the Kakadu Region has the
highest number, since there is a unique family of shrimps
(Kakaducarididae) with one genus (Leptopalaemon: 5 spe-
cies) and a genus of isopod (Eophreatoicus: 28 species) only
found in Kakadu National Park and western Arnhem land,
as well as one species of fish (Pingalla midgleyi) and two
species of amphibians (Litoria personata and Uperoleia
arenicola). Furthermore, a few species are only found in
northern Australia (Finlayson et al. 2006; IUCN, 2023). In
the Pantanal, very few endemics occur, and according to
Pott et al. (2011) only the peanut Arachis vallsii Krapov.
and W.C.Greg. can be considered aquatic, although there
are a few very rare plant species or with very restricted dis-
tribution as well. In the Okavango Delta only two species of
algae are confirmed endemics (Cosmarium pseudosulcatum
var. okavangicum and Eunotia okawangoi).
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Conclusions and future research

This study compiled the current knowledge at species level
in the Okavango Delta and Lake Ngami; future research
should focus on understudied groups: bacteria, parasites,
Chironomidae, Ephemeroptera, Nematoda, Oligochaeta,
Trichoptera and specific taxa within Crustacea (Anostraca,
Notostraca, Ostracoda and the former Conchostraca). The
flood pulse is the main force shaping the composition of all
groups of freshwater organisms in the three wetland sys-
tems compared in this review, which have developed a broad
array of adaptations to live in a challenging environment
with constant water level fluctuations and physicochemical
changes. Common traits to deal with water changes found
across taxa are the following: omnivorous diet (feeding on
aquatic or terrestrial prey), resistance forms (spores, cysts,
etc.), short generation times and/or several generations per
year. Despite the geographical distance, the three systems
share a considerable number of taxa within the main groups
considered, as many species have cosmopolitan or circum-
tropical distribution (De-La-Monica-Freire and Heckman
1996; Hardoim and Heckman 1996; Heckman 1998). How-
ever, there are also some endangered and rare or restricted-
distribution species, which contribute to the value of these
systems for biodiversity and conservation. Maintaining the
natural flow regime that creates the heterogeneity of habitats
in the Okavango Delta is key for many groups of plants and
animals and should be a priority in the management of the
system. Any future developments within or upstream of the
Delta must be considered with caution to preserve its deli-
cate balance and pristine nature.
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