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1. INTRODUCTION

1.1 Objectives.

The Southern Africa Regional Environmental Programd SAREP) major goal is to
conserve and ensure the sustainable use of biological resources within the Cubango-
Okavango River Basin. This catchment falls within the national boundaries of Angola,
Namibia and Botswana and the fish fauna has been fairly well researched within
Namibia and Botswana. In Angola, however, the fish diversity and distribution is poorly
known. The purpose of this survey was to obtain baseline data on the fauna, the status
of fisheries and gain some understanding of potential impacts on these within the
Angolan section of the system.

The survey was a collaborative effort between SAREP and the Angolan Ministry of
Environmentds I nstitute of Biodiversity
of Fish Research. The survey was undertaken by specialists from the following
organizations with the assistance of Angolan counterparts from the stated Ministries:

1 Paul Skelton & Roger Bills (fishes) - The Sothern African Institute for Aquatic
Biodiversity (SAIAB), Grahamstown, SA;

1 Werner Conradie (amphibians & reptiles) - Port Elizabeth Museum (PEM),
Bayworld, SA; and

1 Jens Kipping (dragonflies) - Leipzig Museum, Germany.

1.2 Tor for the fish specialists.

1 Take part in the May 2012 expedition to South East Angola and conduct fish
biodiversity surveys.

1 Work together with members of the SAREP and INIP teams to help with skills
training during the expedition where feasible/appropriate.

1 Produce a report on the expedition results to include the following.
o A list of fish species collected during the May 2012 expedition
0 Bar-code results from genetic samples
o Identify and provide notes on species/groups of special interest

o Make recommendations on future research, conservation and resource
use issues

o Aid in planning future trips/work through consultation with SAREP

and



2. DESCRIPTION OF THE REGION
2.1 Study area.

The Okavango system in Angola is split into a number of essentially north-south

draining rivers of which the major tributaries are the Cubango, Longa-Cuito and

Cuando. These tributaries themselves are large rivers and are fed by numerous

substantial streams and rivers. Neighbouring catchments are the Kunene (to the west),

a coastal catchment the Qeve (to the north-west), the Kwanza (to the north) and upper

Zambezi tributaries (to the east in Zambia). The upper-most tributaries in the north are

found along the road between Chinguar (126336 3262 08 D80 E) and Kw
236 0668 260 E) at around 1800m ASL.

Our surveys started at Menongue (1463 9 6 3cd 1 8 Yandprofressed north to
Huambo (1264 6 6 0 04 3 8 GahdeadEgnd west to Cuito-Canavale (1561 06 02 0
S196096 5aadCueh)(14¢3 906 176 38 Hréspectizely (see map below).
The magnitude of waters sampled ranged from large rivers through to streams, road-
side ditches to non-flowing wetlands. In areas around Menongue, Cuchi and Huambo
rivers and streams were rocky and typically fast flowing. East of Menongue across to
Cuito-Canavale the nature of rivers was very different and much more similar to the
southern Okavango systems being sandy substrates with swampy margins and
abundant aquatic macrophytes. The rivers, streams and wetlands were predominantly
part of the Okavango River System. Two exceptions were a site each in the coastal
Qeve River (north of Huambo) and the Kunene River headwater in Huambo.

Figure 1. Spatial extent of the study area.




The Angola highlands represent a poorly know part of the Okavango system and a
potentially fascinating region as the environment is very different from that of the lower
altitude and gradient system in Namibia and Botswana. In physical character the
western Okavango tributaries are similar to many streams in the upper Zambezi in
north-western Zambia.

Most of the sites surveyed had little to moderate human impacts recently. Presumably
there have been greater impacts during the conflict period but much would seem to
have recovered. Fishing activities, some sand mining, clothes and car washing and
cattle watering were the main activities observed.

2.2. Earlier ichthyological explorations.

The earliest collection of fishes from the Okavango reported in the scientific literature
was by the French author Castelnau in 1861. The origins of this collection are
somewhat vague ( Barnard 1948 records that it

0 pparateu r sang whilst part of the collection only survives in the Paris Museum
(MNHN), its provenance is from Lake Ngami at the southern end of the Delta reaches
in Botswana. Several prominent species derive from this earliest collection i Mormyrus
lacerda, Hydrocynus vittatus, Hepsetus cuvieri, Clarias ngamensis, Oreochromis
andersonii, and Serranochromis thumbergi, and several others whose names are
unfortunately replaced through taxonomic uncertainty and protocol. George Boulenger
(1911) working at the British Museum (Natural History) in London reported on a
collection also from the Delta region and Lake Ngami made by Mr. RB Woosnam
(Barnard, 1948). The comprehensive catalogues of African freshwater fishes in the
BMNH published by Boulenger (1909-1916) and in the SAM by Gilchrist & Thompson
(1913-1915) included species from the Okavango, again drawn from the southern
reaches in Botswana. Nichols & Boulton (1927) described three species from
collections drawn from the Cunene and upper Quanza Rivers, made by the Vernay
Angola Expedition mounted by the American Museum of Natural History in New York.
Fowler (1930) described species from the upper Quanza, and in 1935 described the
fishes taken in the Delta reaches by the Vernay-Lang Expedition (Fowler, 1935).
Pellegrin (1936) described the fishes collected by the Swiss Expeditions of 1928-29
and 1932-33 and deposited in the MNHN (Paris) and the Museum at La Chaux de
Fonds in Switzerland. The names of several of the species described by Pellegrin as
new have been placed in synonymy but may well on re-inspection and review be
resurrected. Trewavas (1936) described several new fish species collected by the
British scientist Dr Karl Jordan during an expedition to Namibia (SWA) and Angola in
1935. The Angolan species were from the Cunene River and certain coastal systems
with headwaters in the highlands close to the source of both the Cunene and the
Okavango. Several of these species appear to be found in our collections, either in the
Okavango system or the Cunene or the Cueve. Barnard (1948) described a collection
made in 1939 at Rundu in Namibia and advanced the taxonomy of species extensively
but without providing any new descriptions. The most significant work after WWII
concerned a German project in the late 1950s with the collection lodged in the
Hamburg Museum (Ladiges 1964) and the classic overview presented by Poll (1967)
of the fishes of Angola. Several lesser collections were made but not publicly
described by Grahams Bell-Cross in 1965 (collection deposited in the BMNH, London)
and Mike Penrith (State Museum Windhoek) in the early 1970s. The State Museum
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Windhoek collections have been used by Penrith (1973) and Greenwood (1984) to
describe new species from the Okavango and Cunene rivers. Further collections in
Angola itself were disrupted by the three decade long civil conflict (1975-2005)

During this extended time, fish surveys with collections and fisheries investigations
either in the Delta reaches in Botswana or along the Okavango River on the Namibian
shore were made by several different parties from South Africa, including Jubb &
Gaigher (1971), Skelton (et al. 1985) and Dr G Merron and colleagues from the JLB
Smith Institute of Ichthyology (now SAIAB) in Grahamstown. In addition there has been
a flurry of fisheries and ichthyological research in Namibia that embraces the Kavango
reaches of the Okavango River and the Cunene River since the turn of the millennium
(e.g. Hay et al. 1996, 1998, 1999, 2000, Kramer et al. 2003, 2007, 2011, 2012) and
also a revival of interest and research on biodiversity in Angola itself, including this
project. The present state of taxonomy of many species is decidedly uncertain as a
result of renewed attention and investigation using new technologies (DNA molecular
analysis, electric discharge analysis) and new samples.

3. METHODS

3.1 Sampling areas and sites.

Sampling sites within the broader region were chosen in consultation with the entire
scientific and logistical team. Attempts were made to sample a range of different water
bodies e.g. larger rivers through to small streams, swamps and isolated pools. Even at
sites this principle was adopted with multiple microhabitats being sampled where
possible e.g. riffles, runs, pools, marginal vegetation, marginal waters. Important
additional factors were ease of access and security. Sites sampled are shown on the
map below (Figure 2 and Tablel) and some sites are shown in Figure 3.

Figure 2. A map showing the sampling sites during the SAREP Angolan (Okavango)
field trip (6-26" May 2012).




Table 1. Collection sites for the SAREP Angolan (Okavango) field trip (6-26™ May

2012).
Site Site name Coordinate River
number South East
RB12-
Ang01 Kabumbe lodge dam margin 14° 40'32.2" 17°44'09.9" Cuebe
Ang02  Square Ponglesia - Cubango, Menongue 14°56'22.9" 17°43'07.7" Cuebe
Ang03  Stream/seepage - 5km south of Menongue 14° 44' 46"  17°40'06.4" Cuebe
Ang04  Flood plain below Soba Matias 14° 26'20.8" 17°48'53.7" Cuebe
Ang06  Small dambo stream, Soba Mathias 14° 15'25.4" 17° 46'42.7" Cuebe
Ang07  Cacuchi bridge near Mambue 13°35'39.6" 16°52'49.8" Cachuchi
Ang08  Small stream near Chungueia village, Bie' 13°41'37.3" 17°03'40.5" Cacuchi
Ang09 Cacuchi tributary (culvert), Mumbue, Bie' 13°16'46.7" 14° 44'46.1" Cacuchi
Angl0 Pool in roadside ditch, Bie' 12°52'20.7" 16°46'02.7" Cacuchi
Angll East of Bailundo town north of Huambo 12°12'11.3" 15°35'42.5" Qeve
Angl2  Stream near Halo camp site 12° 44'14.4" 15° 49'05.0" Cunene
Angl3  Cubango falls, agricultural station, Huambo  12° 40' 16.6" 16° 06'41.2" Cubango
Angl6 Cutato river at bridge 12° 34' 20" 16° 23'49" Cubango
Angl7  Just south of Chitembo 13°31'41.1" 16°45'31.4" Cacuchi
Angl8 Satchijamba, Cuele River near Menongue 13.71337° 17.08962°  Cacuchi
Angl9 Luassingua River, 55 km east Menongue 14° 35'24.2" 18°10'14.4" Cuito
Ang20  Cuito Canavale bridge 15°10'16.4" 19°11'39.3" Cuito
Ang21  Sand pits near C-C bridge 15°10'5.8" 19°11'51.8" Cuito
Ang22  Confluence of Cuito and Canavale rivers 15°08'19.1" 19°11'31.4" Cuito
Ang23  Canavale river just above C-C confluence 15°08'08.5" 19°11'44.6" Cuito
Ang24  Washing site west of Halo trust camp, C-C 15°05'12.7" 19°08'55.4" Cuito
Ang25 Longa bridge on the C-C road 14° 36'22.6" 18°28'02.2" Cuito
Ang26  Low level road bridge, Cuchi town 14° 38'58.9" 16°54'23.7" Cubango
Ang27  Cuchi tributary stream/swamp 14° 39'07.4" 16°54'13.3" Cuchi
Ang28  First stream east of Cuchi 14° 39' 10" 16° 55'57"  Cuchi
Ang29  Stream on road Cuchi i Menongue 14° 39'58.4" 16°58'42.3" Cuchi
Ang31 Main road between Cuchi and Menongue 14° 42'07.8" 17°22'39.9" Cacuchi
Ang32  Kaisosi lodge, Rundu outskirts 17°52'25.3" 19°49'52.9" Okavango
Ang33 Popa 18°07'18.2" 21°35'00.2" Okavango
Ang34  Toteng bridge
Ang35 Thamalakane river at back packers bridge 19° 56'38.8" 23°29'225" Thamalakane
Ang37  Rundu downstream of Water affairs 17°54'28.3" 19°45'51.3" Okavango




Figure 3. Selected collection sites during the SAREP Angolan (Okavango) field trip (6-
26" May 2012).

RB12-Ang02 Quebe River | RB12-Ang07 Cacuchi River at main
downstream from Menongue 9-5-2012. | road bridges 11-5-2012.

RB12-Angll Qeve River near | RB12-Angl3 Cubango source stream
Bailundo town north of Huambo 14-5- | S-E of Huambo 15-5-2012.
2012.

RB12-Ang23 Cuanavale River 19-05- | RB12-Ang25 Longa River 20-5-2012.
2012.




3.2 Fish capture equipment and methods.
Fish were captured using the following equipment.

a 12 Volt DC back-pack electric-fisher (Samus 725G)
a 6m minnow seine net (4mm mesh) with a central bag
fyke nets (single trap)

baited traps

a variety of dip-nets.

- == =4 -—a -a -2

purchase from fishermen, or pick-up remains from riverside.

Figure 4. Fish capture methods.

Electric-fishing at the Cubango source.  Seine netting on the Luancingwa River.

Capture methods. Usually multiple methods were used at sites and ideally overnight
collections allowed most of the methods to be employed. Almost all methods are
selective and result in slightly different species being collected. In some instances
equipment was used together e.g. seine nets with electric-fishing. Fishing
effectiveness was enhanced by placing the seine net across the stream channel and
electric-fishing downst r eam t owar ehe t Whhrée sve Wesetable to fish
overnight fyke nets and traps were used and were very effective. Placement of these is
important and they were set on smooth substrates out of currents, traps were always
baited with either kitchen waste of dead fishes.

The numbers of fish collected at most sites were relatively few and given our uncertain
field identifications we decided to preserve most specimens collected. Fishes were
fixed in 10% formalin in the field by placing directly into formalin and transported back
to Grahamstown in ziplock bags in drums. In the laboratory fixed specimens were
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transferred through an ethanol wash series (10%, 50% and 70%) to a final
concentration of 70% ethanol at which time they could be easily worked with.

In the field select specimens were also sampled for genetic material, usually a piece of
muscle was removed and more rarely a fin clip taken. This tissue was placed into a
2ml Ependorf tube with 95% ethanol. The tube is pre-labeled and the numbers were
cross referenced with the voucher specimens on our data sheets. Select individuals
were also photographed in the field to record live colouration. Small fish were placed
into a white porcelain dish, immersed in clean water and photographed on high F-stop
settings using flash. Larger fishes we simply photographed on appropriate
backgrounds and lighting on camera auto-settings.

3.3 Site data collected.

Basic details of collection sites were recorded on data sheets together with information
concerning specimen sampling (genetic samples) and photographs. It is important to
be able to link tissues and photographs with the specimens they originate from. An
example of a data sheet is given in Figure 5 below. These data are transferred into the
SAIAB database when specimens are formally catalogued into the SAIAB collections.
On cataloguing, data and specimens become available to the general public through
the SAIAB loan system (http://saiab.ac.za/loans/index.asp).

Figure 5. Data record sheets.
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3.4 In the laboratory.

Collections are returned to SAIAB in 10% formalin. After two to three weeks of fixation
these are then washed through a series of ethanol concentrations up to 70% ethanol
which is the final storage preservative. This takes about a week and after this process
fishes can be safely handled and sorted. Sorting involves sorting specimens into
obvious species groups based on morphological characters and colouration patterns.
Once done they are then keyed out and identified, counted and measured ready for
cataloguing. These data gathered in the laboratory are added to the original field data
sheets which thus evolve over time. As the cataloguing is completed the catalogue
numbers are also added to data sheets. At this stage it is likely that species hames will
change from those allocated in the field based on examination of literature, keys and
better examinations.

Tissues for genetic examination had their ethanol replaced with new 95% ethanol and
were placed into -80C freezers for long-term storage. Some 300 specimens out of
approximately 600 were sent off for bar-coding and some of the results are given
below in relevant sections.



4. RESULTS

4.1 Fish catch data - introduction.

The following section deals with species of interest and complex groups depending on
the level of diversity within the group. Some photos and parts of the bar-code trees are
given to illustrate diversity and enhance discussions of taxonomic issues. After some
general comments the groups are dealt with in phylogenetic order starting with the
Family Mormyridae (snout fishes).

Barcode and morphological comparisons have been made with specimens from the
Kunene, the upper Zambezi in Zambia, the Zambian Congo systems and across to
Malawi in order to highlight the Angolan Okavango fishes in a broader regional context.

For this expedition the majority of collections were made in the upper Okavango
system with a single site each being in the Qeve (a coastal system north of Huambo)
and the Kunene (in Huambo). The Qeve in particular appears to have a distinct fauna
with most of the species differing significantly from those of the neighbouring
Okavango. Partly because of newly recognized diversity within the Angolan Okavango
and partly because our sampling crossed over into two other catchments the species
count is considerably higher than for the previously known Okavango system (Skelton
et al. 1985, 2001).

A summary of the fishes captured at the 37 sampling sites during the Angolan
expedition is given in Table 2. This gives details of the numbers of each species
caught, the number of sites at which they were caught, mean and catch ranges and
size ranges. Full catch details are given in Appendix 1 and are also available through
the SAIAB web-site (www.saiab.ac.za). Not all species have been identified to species
level and some certainly are undescribed and new to science. Additional surveys,
more material, more analyses and time are probably required to make a better
assessment of the biodiversity of this region. The composition of families (number of
genera and species) are given in Table 3.

Table 2. Fish collections summary for Angolan (Okavango) field trip (6-26™ May 2012).

Species name Total Composition Number
count Range of sites
Amphilius sp. 1 0.5 1
Amphilius uranoscopus 92 0.9-16.3 (5.4) 9
Aplocheilichthys cf. hutereaui 1 1.9 1
Aplocheilichthys cf. johnstoni 2 3.3 1
Aplocheilichthys cf. johnstoni 'mesh’ 3 1.6 1
Aplocheilichthys cf. johnstonii, side-stripe 21 6.3-8.5 (7.4) 2
Aplocheilichthys johnstoni 226 1.9-65.0 (22.9) 11
Aplocheilichthys cf. katangae 69 0.9-97.0 (20.4) 7
Aplocheilichthys sp. pygmy 97 8.3-81.0 (37.6) 3
Barbus afrovernayi 45 2.9-13.1 (8.7) 3
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Barbus barnardi

Barbus barotseensis
Barbus bifrenatus

Barbus brevidorsalis
Barbus eutaenia

Barbus eutaenia 'red eye'
Barbus eutaenia 'sharp nose'
Barbus eutaenia 'thin line'
Barbus fasciolatus
Barbus haasianus
Barbus kerstenii

Barbus kessleri

Barbus lineomaculatus
Barbus mocoensis
Barbus multilineatus
Barbus paludinosus
Barbus poechii

Barbus radiatus

Barbus sp.

Barbus sp. 'geve’

Barbus sp. 'geve 2'
Barbus tangandensis
Barbus thamalakaneneis
Barbus trimaculatus
Barbus unitaeniatus
Barbus viviparus
Brycinus lateralis

Chetia sp.

Chiloglanis fasciatus
Chiloglanis sp. 1
Chiloglanis sp. 2
Chiloglanis sp. 'kunene’
Clarias cf. liocephalus
Clarias ngamensis
Clarias stappersii

Clarias theodorae
Cyphomyrus cubangoensis
Hemichromis elongatus
Hemigrammocharax machadoi
Hemigrammocharax multifasciatus
Hepsetus cuvieri
Hippopotamyrus ansorgii
Hippopotamyrus sp. 1
Hippopotamyrus sp. 2
Hydrocynus vittatus
Labeo cylindricus

11

81

233

207
190

14
121
17
60

67

96

28
10
134
37
16
55
100

103

1.4-11.6 (6.5)
0.8-3.1 (1.3)
0.5-46.2 (9.10
0.6-5.9 (2.1)
1.2-58.2 (12.9)
2.0
1.3-25.1 (10.7)
3.1-72.2 (19.4)
0.6-2.1 (1.3)
0.6-28.6 (14.6)
0.4-3.8 (1.4)
0.4-94.1 (22.5)
1.2-8.8 (4.5)
2.3-9.4 (5.8)
13.2
0.8-7.9 (2.7)
0.9-5.7 (3.3)
1.7-42.9 (14.4)
2.7
1.0
13.7
0.5-5.2 (2.9)
0.4-78.7 (14.5)
0.8-4.5 (2.7)
3.1-30.0 (16.5)
0.8-53.8 (11.1)
1.0-54.5 (19.6)
1.7
1.8-8.1 (5.3)
13.7
5.4
6.4
0.1-1.5 (0.8)
5.1
0.8-1.7 (1.3)
0.1-1.0 (0.5)
0.6-7.9 (3.5)
0.5-18.0 (4.7)
1.1-5.0 (3.0)
1.9-18.6 (6.1)
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2.4
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0.6-7.9 (3.4)
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Labeo sp. 'pointed head, no red eye'

Labeobarbus codringtonii
Labeobarbus sp. 'geve'
Marcusenius altisambesi
Mastacembelus sp. 'cuele’
Mastacembelus frenatus
Mastacembelus sp. 'geve’
Micralestes acutidens
Micralestes argyrotaenia
Micralestes cf. argyrotaenia
Microctenopoma intermedium
Mormyrus lacerda
Nannocharax macropterus
Opsaridium zambezense
Oreochromis andersonii
Oreochromis macrochir
Parakneria fortuita
Parauchenoglanis ngamensis
Petrocephalus sp. 'black spots'
Petrocephalus sp. ‘cunene’
Petrocephalus sp. 'light’
Petrocephalus sp. 'geve'
Pharyngochromis acuticeps
Pollimyrus castelnaui
Pseudocrenilabrus philander
Rhabdalestes maunensis
Sargochromis sp.

Schilbe intermedius
Serranochromis angusticeps
Serranochromis cf. thumbergi
Serranochromis cf. macrocephalus
Serranochromis robustus
Serranochromis sp. 'red spotted'
Serranochromis sp.
Synodontis leopardinus
Synodontis macrostigma
Synodontis nigromaculatus
Synodontis sp. 1

Synodontis sp. 2

Synodontis thamalakanensis
Synodontis vanderwaali
Synodontis woosnami
Thoracochromis cf. buysi
Thoracochromis sp.

Tilapia rendalli

Tilapia ruweti

36

28

11
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14
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Tilapia sparrmanii 122 0.4-71.4 (11.6) 17

Zaireichthys sp. 12 1.7-3.9 (2.8) 2
Zaireichthys sp. 'brown’ 4 3.8 1
Zaireichthys sp. 'brown blotch' 7 4.1 1
Zaireichthys sp. 'long barbels, pallid’ 5 4.7 1

Table 3. The composition of fish families from the Angolan (Okavango) field trip.

Family Genera Species
Alestiidae 4 6
Amphiliidae 2 6
Anabantidae 1 1
Cichlidae 9 18
Clariidae 1 4
Claroteidae 1 1
Cyprinidae 4 31
Distichodontidae 2 3
Hepsetidae 1 1
Kneriidae 1 1
Mastacembelidae 1 3
Mochokidae 2 12
Mormyridae 6 11
Poeciliidae 1 7
Schilbeidae 1 1
Total 37 107
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4. 2 Species and 6groupbd account s.

Mormyridae i electric fishes, elephant snout fishes

The current taxonomy of the mormyridae in the Okavango and Zambezi systems is
complex and unsettled. Recent work by Kramer and co-workers (Kramer & van der
Bank 2011, Kramer et al. 2003, 2012) has indicated much greater diversity than was
originally recognised. This expedition® collections appear to have at least two,
possibly four species of Petrocephalus, one Mormyrus, one Cyphomyrus, three
Hippopotamyrus, a Pollimyrus and one Marcusenius. Based on external morphology,
colour, and barcoding most of these appear to be distinct from similar forms from the
neighbouring upper Zambezi tributaries in Zambia.

Cyphomyrus cubangoensis (Pellegrin, 1936) specimens have been shown by Kramer
& van der Bank (2011) to be distinct from those of the upper Zambezi in Zambia.

Hippopotamyrus sp. from the Kunene is distinct from other rivers and this agrees with
previous Kunene samples from lower in that system identified and described by
Kramer & Swartz (2010) as Hippopotamyrus longilateralis. Hippopotamyrus specimens
from site 17, Chitembo (Cacuchi sub-system) appear to be a little different from the
remaining samples from this system (sites 2, 7 & 9) and require more detailed
examination in the light of possibly being H. szaboi which is present in the Upper
Zambezi. We d i d Higpbpotamgruscahthe Qeve coastal system but if present
the species might well be expected to be unique to that system.

Figure 6. Barcode results for southern African Hippopotamyrus (upper) and
Petrocephalus (lower), recent Angolan collections in blue.

Hippopotamymus discorhynelms| ANGEW032-12[EB12-A104/Angola Bie
Hippopotamymus discorhynelms| ANGEW031-12[RB12-A377|Angola Bie
Hippopotamymus discorhymehnsZAFW037-11[1I11-141Zambia Northem|
Hippopotamymus discorhynclms|ZAFW032-11[BWL11-A010|Zambia Northem|
rh-l-.-lﬂrl:usenius sp.|SAFWE41-09|SAIAB TT062-568|ZambiaFAQ-01

Marcusenius sp [SAFWE42-09(SATAB T7290-323[ZambiaFAO-01

|. Marcusenius sp.|SAFW322-08[SATAB T7062|Zambia|
Marcusenius sp.|[SAFW323-08[SAIAB T7290|Zambia
Hippopotamyrus ANGFW139-12[RB12-A756|Angola Bie
— Hippopotanyrus sp. |[ANGFW012-12[RB12-A015|Angola Cuando Cubangp
Hippopotanymus ANGFW090-12[EB12-A201|Angola Bie
Hippopotanmymus ANGEFW138-12[REB12-A279|Angola Bie
Hippopotanmyms sp | ANGEFW033-12[FB12-A «h-.—t_*]_‘-]a Bie
Hippopotamyms ansorgni|SAFWO016-06/SATAB AQDB5MNamibia Kunene[FAQ-01
Hippopotamymus ansorgii|SAFWO041-06[SAIAR A279MNamibia Knnene[FAQ-01
Hippopotamymus ansorgii| ANGEW123-12[RB12-A258|Angela Huambeo
Hippopotamyms ansorgii| ANGEW122-12[FB12-A284|Angela Huambe
IHJ]:I]JG]JG[‘EJIT‘.W% EJJ:.GIEI|"'4-L'5|_F W039-11|Th11-034 Malawa
Hippopotanryrus ansorguMMAFWO23-11TM11-012 Malaws
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Petrocephalus| ANGFW036-12[EB12-A078|Angola Cuande Cubango
Petrocephalus catostoma[ZAFW070-12[EE11-D173|Zambia North-Westem
Petrocephalus| ANGFW047-12[RB12-A144|Angola Bie
Petrocephalus| ANGEFW144-12[RB12-A253|Angzola Bie
Petrocephalus| ANGEW162-12[FB12-A490/Angola. Cuando Cubango
Petrocephalus catostoma catostoma ANGEFW025-12[FB12-A070Angola. Cuando Cubango
Petrocephalus| ANGEWO092-12[EB12-A208/Angola Huambo
Petrocephalus ANGEW098-12[FB12-A219|Angola Huambo
Petrocephalus catostomalSAFWM0-065ATAB A2T7Namibia KineneFAQ-01
Petrocephalus| ANGEFW121-12|EB12-A385/Angola Huambo
Petrocephalus catostoma MAFWOTT-11[TM11-152Malawi
Petrocephalus catostomaMAFWO053-11[TM11-143Malaw
Petrocephalus catostomaWMAFW035-11[TM11-026Malawa|
Petrocephalus catostomaAFW062-11[THM11-099 Malaw|
Petrocephalus catostomaMAFWO73-11[TM11-117Malawi

Our collections include at least two distinct species of Petrocephalus, which is in tune
with Kramer et al. (2012) who recognised Petrocephalus okavangoensis and P.
magnitrunci from the Delta reaches of the system. From the original description P.
okavangoensis has a head with a fairly acute or angular profile, and a dark spot below
the base of the dorsal fin and 37-38 lateral series scales (12 caudal peduncle scale
rows), whereas P. magnitrunci has an obtuse rounded head, is intensely brown without
markings and has 39-41 lateral series scales and 11-12 caudal peduncle scale rows.
One of our species has distinct dark markings on the dorsal and anal fins while the
other is light golden in colour without such markings. Further work is necessary to
identify the species.

Figure 7. Mormyridae collected during the Angolan (Okavango) field trip (6-26™ May
2012).

Cyphomyrus cubangoensis RB12-Ang07 Cacuchi River at bridge 5596b.jpg
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Hippopotamyrus longilateralis (ansorgii 'kunene’) RB12-Ang12 Halo camp stream
5862b.jpg

-

Mormyrus lacerda RB12-Ang07 Cacuchi bridge traps 5541b.jpg
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Petrocephalus sp. 'black point' RB12-Ang02 5385b.jpg
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Petrocephalus sp. RB12-Ang11 14-5-2012 Qeve River 5744b.jpg

Kneriidae i shell-ears

Interestingly no Kneria were collected during the survey despite sampling in several
suitable habitats. Although these have never been recorded from the Okavango
system previously they were thought to have been a possibility in headwater areas.
Kneria are abundant in adjacent upper Zambezi tributaries in Zambia and an isolated
population of a different species also occurs in Kunene tributaries.

A small number of Parakneria fortuita were collected from the Cacuchi River near the
main road bridge (site RB12-Ang07) and these represent a significant find. All the
specimens were collected with electric-fishing in rocky areas downstream of very large
rocks and in a small side-channel to the main current. They are probably more
abundant than our catches indicate as they are fast open water swimmers and are
likely to easily evade electric fishing gear once disturbed.

Parakneria fortuita was described from the Cutato River near Chitembo (Penrith 1973)
and have, up till now, been known only from the type locality. The habitat described by
Penrith is remarkably similar to where we collected specimens. The collection site at
the Cacuchi River was a slow channel running through a jumble of large rocks (see
below).

Parakneria were also recently collected in northern Zambia and thought to be a new
species. However, superficial external examination of all material and barcode results
suggests the two populations are in fact the same species. It seems likely that there
are other populations between these known widely separated sites and perhaps their
low abundance coupled with the difficulty in collecting them is a factor in their absence
from previous collections. Ideally barcode results require additional samples to give a
broader understanding to the group. There are species of Parakneria in the Buzi River
in central Mozambique and in the southern Congo systems close to the Angolan
border.

18



Figure 8. Barcode results, collection site, recent and type specimens of kneriids.

|Enmia maydelliSAFW023-06/SAIAB A146Namibia Kunene[FAQ-01

Kneria maydelli SAFW030-06/SAIAB A23)Namibia Kunene[FAO-01

IEnmia maydelliiSAFW029-06/SAIAB A219Namibia Kunene[FAQ-01

— Kneria maydelliSAFW024-06/SAIAB A 147Namibia Kunene[FAO-01
ParaknerialZ AFW068-12/RB11-D178|Zambia North- Western|

LIPamknmia fortwtal ANGEW057-12[RB12-A388|Angola Biel
Paraknenia fortuital ANGEW036-12[EB12-A373|Angola Bie|

Parakneria fortuita RB12-Ang07 Cacuchi River at main road bridge (Angola) 5559b.jpg

Parakneria n. sp. RB11-Kall17 Kasanjiku River, upper Zambezi (Zambia) 4309b.jpg

Parakneria n. sp. RB10-E020 Chisolo River, upper Zambezi (Zambia) 6-11-2010
0409b.jpg
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RB12-Ang07 Cacuchi River just below the main road bridge 11-5-2012 5512.jpg

Cyprinidae i barbs and minnows, barred minnows and yellowfishes.

Cyprinids were numerically the dominant fishes at most sites sampled with four genera

and 31 species being represented in our catches. The diversity is high and seemingly

quite distinctive for the region. Many of the typical Okavango minnows were either
absent or rare from the western sector (Cubango, Cuchi branches) of the Angolan area
surveyed. Some species that are common in the downstream Okavango Delta reaches
started occurring in the rivers connected to the Cuito as we moved south (down-
stream) and east of Menong u e . Exampl es of t h e sBarbug d e |
fasciolatus, B. multilineatus, B. thamalakanensis, B. afrovernayi.
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The species most common in the upper sections of the western rocky rivers are not
known from the Okavango Delta and examples are: Barbus trimaculatus, Barbus
mocoensis, Barbus kessleri, B. brevidorsalis, B. lineomaculatus and B. kerstenii. Whilst
B. trimaculatus has previously been identified from the upper reaches by a number of
workers including Fowler, 1935, Pellegrin, 1936, Barnard, 1948, and Ladiges (1964)
this identification has been down-played against the recognition of B. poechii in the
system (see Skelton et al. 1985). However field observations undoubtedly support the
recognition of B. trimaculatus and not B. poechii in the western sectors at least, and
the opportunity to delve deeper into the taxonomy is available through genetic analysis
of these samples.

There are points of interest with many of the species/groups and much additional

research is required to determine the identities of all the fauna. Of special interest are

the barbs in whatisloosel y ter med teet aemulatéi | grneewp.usT
typically small and brightly coloured minnows with serrated dorsal spines and there

appear to be several new species within our collections from Angolan Okavango

waters and wider upper Zambezi fauna.

Figure 9. Barcode results for the small barbus, serrated spipe 6 mul t i eunhaanuaod
complex for southern Africa (recent Angolan samples blue highlighted).

l Barbus multilineatns|ZAFW027-11|ACEP00-1571 [Zambia ]
Barbus kersteniiMAFW139-12[DT10-A323 MalawiFukum
Barbus kerstenii MAFW0OTS-11/TM11-153Malawi|
Barbus kerstenuiMAFW102-11/TM11-216Malawi|
Barbus kersteniMAFWO026-11/TM11-013 Malawi|
Barbus| ANGEW026-12[RB12-A099|Angola Cuando Cubango|cf. eutaenia- sharp nose- red fin
Barbus eutaenia ANGFW147-12[RB12-A295|Angola Bie|sharp nose
Barbus seymouriMAFW133-11[DT10-A318Malawi|
Barbus eutaenia ANGFW067-12[FB12-A371|Angola Bie
Barbus eutaenia ANGFW062-12[FB12-A217]|Angola Bie
Barbus eutaenia ANGFW137-12[RB12-A289]Angola Bie
Barbus entaenial ANGFW113-12[RB12-A359 Angola Huambo
Barbus eutaenia| ANGFW119-12[FB12-A393| Angola Huambo
Barbus eutaenia MAFWOTS5-11/TA11-133 Malawi|
Barbus eutaeniaMAFW056-11TAM11-080Malawi|
Barbus eutaenia MAFW036-11TW11-027 Malawi|
a Barbus eutaenia MAFW051-11TM11-140Malawi|
I3 arbus] ANGEW018-17|FB12-A089|Angola Cuando Cubango(redeye

Barbus{ZAFW067-12[FB11-D084|Zambia North-Westem
Barbus eutaemal ANGEW117/-12|FB12-A3/8|Angola Huambo
Barbus sp |[ZAFW013-11[MI11-195/Zambia Northem|cf. entaenia
Barbus sp |[ZAFW004-11[MI11-185[Zambia Northem|cf. entaenia
Barbus|ZAFW066-12[FB11-D061|Zambia North-Western
Barbus eutaemial ZAFW069-12[RB11-D162|Zambia North-Western
Barbus| ANGEW140-12[RB12-A281|Angola Bie
Barbus kesslen| ANGEW130-12[FB12-A290| Angola Huambao
_EBa:L'-ua kesslen| ANGFW104-12[RB12-A230|Angola Huambao
Barbus kesslen| ANGFW113-12[RB12-A320| Angola Huambo
Barbus eutaema ANGFW031-12[EB12-A056)Angola Cuando Cubange|incomplete sequence
Barbus| ANGFW091-12[RB12-A221|Angola Bie
Barbus| ANGEFW030-12[RB12-A058|Angola Cuando Cubango|cf. kessleri
Barbus brevidorsalis| ANGFW148-12[RB12-A293|Angola Bie|small specimen
Barbus mocoensis| ANGEW1355-12[FB12-A396| Angolalsmall specimen
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Figure 10. Some of the cyprinid diversity dominated by the small minnows (Barbus).

Barbus cf. eutaenia 6t h i
5481b.jpg

n | -Ang@7q

Barbus cf. eutaenia

6062b.jpg

RB12-Ang23

Barbus multilineatus RB12-Ang25 Longa
River 6140b.jpg

Barbus cf. eutaenia bright orange fins
RB12-Ang02 5388b.jpg

Barbus cf. eutaenia 'sharp’ RB12-Ang23
6060b.jpg

Barbus afrovernayi RB12-Ang22 Cuito-
Cuanavale confluence 6102b.jpg

Barbus radiatus RB12-Ang22 Cuito-
Cuanavale confluence 6087b.jpg

dorsolineatus

cf.

Barbus RB12-Ang03
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5417b.jpg

Barbus mocoensis

5738b.jpg

RB12-Angl1l

Barbus sp. RB12-Ang03 5416b.jpg

RB12-
confluence

thamalakanensis

Barbus cf.
Ang22  Cuito-Cuanavale
6100b.jpg

Barbus bifrenatus RB12-Ang22 Cuito-
Cuanavale confluence 6098b.jpg

Barbus trimaculats RB12-Ang07
Cacuchi bridge PHS 0512 04 059b.jpg

Barbus paludinosus RB12-Ang07 Cacuchi
bridge PHS 0512 04 034b.jpg

Barbus cf. barotseensis RB12-Ang22
Cuito-Cuanavale confluence 6092b.jpg

Barbus sp. 'silver’ Qeve R. RB12-Angll
5695b.JPG

Opsariduim zambezense RB12-Angl3
5824b.jpg

Labeo spp. i Mudfishes

Labeo were reasonably common in rocky habitats with over 90, mostly mature
specimens being collected at 7 sites. In the field these were identified as Labeo
cylindricus but then during laboratory examinations it was clear that there were in fact
two morphologically distinct species. This was later confirmed with bar-code results.
The two species occur in the same habitats /sites and we were distinguishing them
based on paired fin sizes, and the width of the head and mouth size. In the genetic
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analysis the one is clustering with Labeo ansorgii an endemic of the neighbouring
Cunene River and also would seem to have representatives as far east as Malawi.

Figure 11. Barcode results for Labeo specimens and Labeo cylindricus RB12-Ang07
Cacuchi River at bridge 5487b.jpg.

Labeo cylindncus MAFW006-11[MAT 11-167Malaw|
Labeo cylndnens|ZAFW076-12[FB11-D043|Zambia North-Westem
Labeo cylndncus| ANGEW020-12[FB12-A007|Angola Cuando Cubango
Labeo cylndncus| ANGEW060-12[EB12-A3568|Angola Biered eye
Labeo|ANGEWO073-12[RB12-A222| Angola Biejpointed head- no red eye
Labeo cylindncus ANGEW143-12[FB12-A283|Angola Bie|
Labeo cylindncus| ANGEW059-12|RB12-A128|Angola Biejred eye
Labeo|ANGEW072-12[RB12-A238|Angola Biejpointed head- no red eye
Labeo cylindncus/ ANGFW153-12|FB12-A383|Angola
Labeo cylndrncusMAFWO007-11MAT.11-140Malaw|
Labeo cylindncus| ANGEWO058-12|RB12-A145|Angola Biejred eye
Labeo cylndncus MAFW005-11MAT11-004Malawa|

Labeo ansorgu|SAFWO018-06[SATAB A092Namubia Kunene[FAO-01

Labeo ansorgn|SAFWO012-06(SAIAB A076Namubia Kunene[FAQ-01
Labeo ansorgu|SAFW035-06[SAIAB A259Namubia Kunene[FAO-01

Labeo|ANGEFW0T71-12[RB12-A227|Angola Biefpointed head- no red eye

Alestiidae 1 tigerfish and robbers

All four species of the family Alestiidae known from the Okavango were sampled, but
three of these (Hydrocynus vittatus, Brycinus lateralis and Rhabdalestes maunensis)
were not common in the collections, being more-or-less restricted to the Cuito branch.
In addition based on colouration it appears that there might be differences between the
western upper-reach populations of Micralestes, with orange tinted fins and the
eastern Cuito population that displayed a distinct greenish hue and yellowish fins.
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Figure 12. Alestiidae specimens collected during the Angolan (Okavango) field trip.

Rhabdalestes maunensis RB12-Ang21

Hydrocynus vittatus RB12-Ang20 Cuito | Cuito pools 7015b.jpg
River at C-C bridge 5976b

Brycinus lateralis RB12-Ang22  Cuito- | \yierajestes acutidens RB12-Ang20 Cuito
Cuanavale confluence 6096b River at C-C bridge 5961b

Distichodontidae 1 dwairf citharines

These small citharines, superficially similar to minnows, are characterized by having
oral teeth, lacking barbels on the mouth, usually having a small adipose fin and having
ctenoid scales. They are also usually patterned with striking bars or stripes. They were
rather uncommon particularly in the western region of the Cubango and its tributaries
and no specimens were collected in the Qeve or Kunene. From our collections there
appears to be a split in the Nannocharax between the eastern sandy Okavango Rivers
and the western rocky Cubango tributaries. We have few photos or DNA samples from
these collections and this is a gap which needs to be rectified next trip. In contrast
there does not seem to be the same structuring in Hemigrammocharax although this
needs to checked during future trips with additional sampling. Nannocharax are bottom
dwellers/foragers and perhaps less migratory although they do move up rivers and are
all caught in fishing baskets. Hemigrammocharax are open water species foraging on
drift and certainly migrate up systems actively in the summer floods.
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Figure 13. Barcode results and specimens of Hemigrammocharax and Nannocharax
collected during the Angolan (Okavango) field trip.

Hemjg'ran.;muc]mm:-; multifasciatus ANGFW0E1-12[RBE12-A126/Angola Bie

Hemigrammocharax nmltifasciatus ANGFW001-12[EB12-A033|Angola. Cuando Cubango

Hemigrammocharax sp [ZAFW006-11[MI11-179Zambia Northem|cf. nmltifasciatus

[ Wamnnocharax macropterus| ANGEFW164-12/FB12-A312|Angola Cuando Cubango

| pNamocharax macropterasl ANGEW029-12[RB12-A077|Angola Cuando Cubang
"Wannocharax macropterus] ANGEW027-12|RB12-A074|Angola Cuando Cubang

Hemigrammocharax multifasciatus RB12-
Hemigrammocharax multifasciatus RB12- | Ang01 Kabumbe lodge dam 5359c.jpg
Ang20 Cuito PHS Oka_0512_12 112

Hemmigrammocharax machadoi RB12- | Nannocharax macropterus RB12-Angl9
Ang20 Cuito River at CC 5969b.jpg Cuito PHS 0512_14 131b.jpg

Hepsetidae 1 African pike

This is a widespread and common species within the lower Okavango systems and the
Zambezian floodplains. It was rarely seen during the May expedition probably due to

the lack of suitable habitat types sampled and our methods of fishing. The species is a

lurking ambush predator found in marginal swamps and lagoons of large floodplain
rivers. We collected the species anMathaaw it
sites and around Cuito-Canavale sites. It was not abundant and it is either out-
competed in this upper region by tigerfish or simply prefers more marshy habitats. Both

are likely susceptible to overfishing with gill nets as they are easily caught with this

gear at night and dusk.
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Figure 14. Hepsetus cuvieri RB12-Ang21 Cuito River sand pits PHS 0512 13 003b.jpg
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Poeciliidae i Topminnows

The known species from the Okavango delta are Aplocheilichthys johnstoni, A.
katangae, A. hutereaui and an undescribed species Aplocheilichthys s p . Opygmy 6.
are abundant in suitable habitats of the delta and each species appears to have clear
habitat preferences. Unexpectedly Aplocheilichthys were rare during the May 2012
Angolan survey. They were not collected at all sites and generally when they were
collected they were not abundant. The species/forms encountered were also different
from those known from lower parts of the system. Aplocheilichthys hutereaui was
absent, Aplocheilichthys sp. @pygmyéwas collected at only 1-2 swampy floodplain sites
(typical habitat). The two most common species were similar to A. johnstoni and A.
katangae but both seemed to differ in colour patterns to specimens from the Okavango
delta.

Not all bar-code results are back yet but results so far plus our morphological
examinations indicate there is greater diversity than previously recognized within the
Okavango system. New species include the known, undescribed Aplocheilichthys sp.
6pygmy 6 a n Aplotheilehthyskatamgae-like species and one A. johnstoni-like
species. Additional collections of these with more careful field examination and
targeted genetic sampling will help to hone our determinations within this group.
Interestingly there appear to be considerable genetic differences between
morphologically similar groups across the broader Zambezian region indicating a
complex of species.
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Figure 15. Barcode results and specimens of Aplocheilichthys collected.

Aplocheilichthys johnstoni RB12-Ang20 Cuito River PHS 0512 12 059b.jpg

Aplocheilichthys cf. johnstoni 'side-stripe’ Liucingua R. RB12-Ang19 6146¢.JPG

Aplocheilichthys cf. katangae RB12-Ang08 5575c.jpg
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Aplocheilichthys katangae RB12-Ang25 Longa River 20-5-2012 6142b.jpg

Aplocheilichthys/ZAFW(74-12[RB11-D091|Zambia North-Western
rAplocheilichthys sp |JANGFW(34-12[RB12-A067|Angola Cuando Cubango[pyzmy
— Aplocheihichthys sp. |[ANGEW035-12[RB12-A084|Angola Cuando Cubango{pygmy
Hypsopanchax jubbiZAFW071-12[RB11-D155|Zambia North-Western
Aplocheilichthys| ANGFW156-12RB12-A451|Angola Cuando Cubango
Aplochetlichthys sp ZAFW003-11[MI11-196/Zambia Northernlef. jolmstor
Aplochetlichthys johnstomMAFW113-11TM11-262Malawi|
Aplocheilichthys johnstomMAFW068-11TM11-116Malawi|
Aplocheilichthys johnstomMAFW042-11TM11-045Malawi|
Aplocheilichthys macrurus|SAFW008-06/SAIAB AQ67Namubia Kimene[FAQ-01
Aplocheilichthys macrurus|SAFW007-06/SAIAB A066[Nambia KuneneFAO-01
Aplocheilichthys macrurus|SAFW033-06/SAIAB A342 Namibia Kinene[FAO-01
Aplochetlichthys macrurus|SAFW032-06/SAIAB A341 Namibia Kimene[FAQ-01
I_I-Aplocheilifhﬂlj;s sp|ZAFW002-11|ACEP09-1502|Zambia Northem|cf. huterean
Aplocheilichthys sp [ZAFW024-11MWL11-A018|Zambia Northemn
I-Aplor:heilichﬂlj;s sp. ZAFW021-11MWL11-A003|Zambia Northern
Aplocheilichthys katangae| ANGFW163-12[FB12-A3530{Angola Cuando Cubango
Aplocheilichthys katangael ANGFW086-12[FB12-A105/Angola Bie
Aplocheilichthys sp. JANGFW070-12[RB12-A122|Angola Bie
Aplocheilichthys sp. /ANGFW045-12[RB12-A111|Angola Bie
Aplocheilichthys| ANGFW141-12[RB12-A275|Angola Bielcf. katangae
Aplocheilichthys| ANGFW142-12[RB12-A288|Angola Bielcf. katangae

Claroteidae i _grunters

This small predatory catfish was not collected in high numbers (18 specimens from 6
sites). Although superficially similar to squeaker catfishes grunters can be
distinguished by their unbranched barbels, the positioning of the nostrils on the upper
lip, upper jaw teeth in a single tooth pad and spots roughly arranged into a series of
vertical bars. Morphologically specimens appear to be the same as those found in
lower reaches of the Okavango system although additional samples are awaiting
genetic analysis. Specimens were typically caught electric fishing, in traps and fyke
nets all around weed beds and marginal cover.
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Figure 16. Parauchenoglanis ngamensis RB12-Ang19 Cuito PHS 0512_14 115b.jpg

Amphiliidae i mountain and torrent catfishes and sand catlets

Amphiliids are represented by two distinct genera in southern Africa, Amphilius
mountain or torrent catfishes and Zaireichthys sand catlets. Amphilius are
characterized by their compressed body form, fan-like pectoral and pelvic fins, the lack
of fin spines and their colour patterns typically vary considerably between populations.
Zaireichthys are typically small (less than 5cm SL), their fins are proportionately
smaller and they have barbed spines, their colour patterns are also variable between
populations/species. Amphilius habitats are complex rocky riffles and waterfalls,
Zaireichthys are found in sand substrates and weed-beds in flowing waters but not as
fast as with Amphilius.

Amphilius were abundant in the western rivers with 93 specimens being collected at 10
sites. We observed differences in Amphilius populations between our sampling sites
during the Angolan 2012 expedition. Interestingly the Okavango populations are
coming out as genetically homogenous despite these pattern differences. The coastal
Qeve River population north of Huambo is clearly distinct though, and is of a
completely different lineage to the Okavango species (Amphilius uranoscopus
complex), more closely allied to and possibly the same as Amphilius lentiginosus.

Zaireichthys sand catlets were rarely collected (28 specimens, between 2-4 species at
4 sites). The barcode results are rather odd indicating a very wide split and the results
need to be re-examined. Certainly it would appear that there are at least two species
and these need to be compared with new taxonomic descriptions (Eccles et al. 2011).
More material is certainly required.
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Figure 17. Barcode results and specimens of Amphilius and Zaireichthys spp.
collected.

RB12-A248 Amphiliuss p. O6geved from the Qeve Rive
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Amphilius) ANGFW097-12/RB12-A248| Angola Huambol
- Amphilius natalensisMAFW030-11TM11-021 Malawil
] ! Amphilius natalensisMAFW031-11/TM11-022Malawi)
———— Amphilius uranoscopus/SAFW304-08[SATAB 76666- 374|Zambia|
Amphilius uranoscopusMAFW101-11[TM11-208Malawil
Amphilius uranoscopus MAFW035-11[TM11-068 Malawil
Amphilins uranoscopusMAFW032-11TM11-023 Malawi|
Amphilius uranoscopus MAFW103-11[TM11-219Malawil
Amphilins uranoscopusMAFW040-11TM11-040Malawi|
Amphilius uranoscopusMAFW033-11[TM11-024Malawil
Amphilius uranoscopusMAFW043-11[TM11-048Malawil
Amphilius uranoscopus MAFW083-11[TM11-166Malawil
- Amphilius uranoscopusMAFW047-11/TM11-063Malawil
= Amphilius uranoscopusMAFW037-11[TM11-083Malawil
Amphilius uranoscopusMAFW125-11/DT10-A341 Malawi|
Amphilius uranoscopus MAFW126-11/DT10-A307Malawil
Amphilius uranoscopusMAFW130-11/DT10-A133[Malawi]
Amphilius uranoscopus|SAFW307-08|SAIAB 78363 208Malawi|
Amphilius uranoscopus] ANGFW152-12[RB12-A286/Angola|
Amphilius uranoscopus/ ANGFW129-12[RB12-A294|Angola Huambo|
Amphilius uranoscopus/ANGFW014-12/RB12-A037|Angola Cuando Cubango|
Amphilius uranoscopus| ANGFW088-12[RB12-A209|Angola Bie]
Amphilius uranoscopuslANGFW075-12[RB12-A121|Angola Bie]

Zaireichthys sp. dark granular Luancingwa RB12-Ang19 6168b.jpg

Zaireichthys sp. palid Luancingwa RB12-Ang19 6165b.jpg
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Mochokidae i squeakers and suckermouth catfishes

Mochokid catfishes in southern Africa are represented by two distinctly different genera
which both have strong sharp spines in their pectoral and dorsal fins and complex
tooth patterns. Synodontis or squeaker catfishes are usually larger river species often
found in main channels and in complex habitats, they have complex branched barbels
around the mouth, they are usually strikingly patterned and as their common name
suggests they make squeaking sounds when disturbed. Chiloglanis or suckermouth
catfishes are usually smaller than squeakers, their mouths are in the form of suction
discs allowing them to hold fast onto rock in fast flows, their barbels are simple and not
branched and although pigmentation is quite variable it is usually cryptic allowing
animals to blend in with substrates.

Squeaker catfishes (Synodontis spp.) from the upper Zambezian region are extremely
difficult to identify 7 a situation that has been obvious for several decades. We are
beginning to interrogate this clade using genetic methods and it appears that the
radiation has evolved recently. Morphological variation is considerable and seemingly
species external pigmentation and colour patterns and morphological feature ranges
overlap which makes character based keys difficult to construct. As a first impression
our collections in Angola revealed a lower level of diversity than in the Okavango River
in Namibia and in the delta in Botswana. Given that the radiation probably occurred in
the larger Magkadigadi Lake (now centered around the Okavango Delta) t hi s
entirely surprising. This pattern is shared with other peripheral Zambezian systems.
Barcode results suggest there are two species present in the upper river reaches
which correspond to our concepts of S. nigromaculatus and S. macrostigma.
Synodontis macrostigma showed particularly high colour pattern variation ranging from
almost unspotted through spots to large lines (see below images). A third species
similar to S. thamalakanensis was sampled near Rundu and morphological
examinations suggest that S. woosnami is also present in our samples although we
di dnot -cgde tresultsafar that species. The situation clearly requires further
attention and probably more genetic and morphological sampling on the next trip to
sort out to a reasonable level.

Figure 18. Barcode results and specimens of Synodontis spp. collected.

Syndontis  nigromaculatus RB12-Ang07

Cacuchi bridge PHS 0512_05-6 119b.jpg 6194b.jpg

Synodontis sp. juvenile RB12-Ang26
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Synodontis cf. macrostigma RB12-Ang25
Longa River 6135b.jpg

Synodontis cf. macrostigma RBlZ-Anng
Luacingwa River 6170b.jpg

Synodontis cf. macrostigma ventral head
RB12-Ang25 Longa River 6138b.jpg

Synodontis cf. macrostigma RB12-Ang32
Okavango River, Rundu 6237b.jpg

thamalakanensis RB12-

Synodontis  cf.
Ang20 Cuito bridge 5954b.jpg

Synodontis cf. thamalakanensis RB12-
Ang20 Cuito Bridge 5957c.jpg

Synodontis| ANGFW034-12[RB12-A397|Angola Bie

Synodontis ANGFW055-12/RB12-A384/Anzola Bie

Synodontis sp |ANGFWO076-12RB12-A103|Angola Bie|

Synodontis nigromaculatal ANGEW183-12[RB12-A040Namibia|

Synodontis nigromaculatus/SAFW122-08/SATAB 77068-1|Zambia Northem)|

Synodontis macrostigmal ANGEFW167-12[RB12-A489|Angola Cuando Cubango|
Synodontis sp [SAFW129-
Synodontis ANGFW011-12/RB12-A012/Angola Cuando Cubangol

Synodontis ANGFW186-1
Synodonis ANGEW184-1
Synodonfis ANGFW185-1

Synodontisl ANGFW188-12[RB12-A034Nanubaal
Synodontis| ANGFW189-12[RB12-A013[Nanubial
Synodontis thamalakanensis| ANGFW187-12[FB12-A017[Namubia
Synodontis/ANGFW190-12[FB12-A043[Nanubia|

08|SAIAB 78444 2Namubial

2[RB12-A031Namubial
2[RB12-A035Namubal
2[RB12-A018Namubial

34



Suckermouth catfishes (Chiloglanis spp.).

Chiloglanis were common in most areas where fast flowing rocky habitats occurred.
The current taxonomy recognizes a single widespread species C. fasciatus throughout
the upper Zambezi systems. The group however exhibits considerable morphological
variation in body forms, fin and spine sizes and colour patterns all indicating that there
are in fact several more species in the system. Genetic results from the May expedition
confirms this for the upper Okavango and neighbouring systems. From the cladogram
below there seem to be five or more species with two being present at site 7 (Cacuchi
River bridge) and two different species at site 11 (Qeve River):

il
il

A379 (site 12) = Top Halo Camp i Kunene

Al34 (site 7) & A008 (site 2) = Qebe near Menongue and Cacuchi north of
Menongue i sister in this cladogram to Malawi specimens i probably this
represents the common form in the lower Okavango River and what is widely
considered as C. fasciatus.

A220 (site 11) Qeve River

A240 (site 11) = both from the coastal Qeve i seems like two species present
in samples need to check specimens as | think they were lumped under one
species.

A299 & A277 (site 13) = Cubango headwater falls, A102 (site 7) = Cacuchi at
bridge, D066 (a site in the upper Kabompo River in Zambia), A262 & A257 (site
13) = Cubango falls. There is some structuring even within this cluster and
certainly there are several colour patterns (see below) and morphological
variation.

The level of differentiation between clades in the Angolan Okavango and neighbouring
systems is considerably greater than in either the Quanza or in Malawi. In some
instances two species are present at sites and this will require us to re-examine
samples based on our bar-code results.

Figure 19. Barcode results and specimens of Chiloglanis spp. collected.

Chiloglanis sp. 'geve' lateral view RB12-Angll Qeve River
5743b.jpg
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Chiloglanis sp. ‘cubango gold' lateral view RB12-Ang13 Cubango
source 5848b.jpg

Chiloglanis sp. ‘cubango dark’ lateral view RB12-Ang13 Cubango
source 5842b.jpg

Chiloglanis sp. 'cubango dark' lateral view RB12-Ang07 Cacuchi
River 5469b.jpg

ASARLEE
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Chiloglanis . RB11-Kal2l West Lumwana River, Zambia
4358b.jpg

If'hilu:gla.m'-'.- fasciatus| ANGFW126-12[RB12-A379| Angola Huambo)
lChilogla.n:is sp. [MAFW110-11|TM11-201 Malawi|sp. “Shire®
Chiloglanis sp MAFW041-11|TM11-041Malawi|
Chiloglanis fasciatus| ANGFW078-12[RB12-A134|Angola Bie
Chiloglanis fasciatus| ANGFW0135-12[RB12-A008| Angola Cuando Cubango
Chiloglanis fasciatus| ANGFW099-12[RB12-A240|Angola Huambo
— Chiloglanis| ANGFW095-12|RB12-A220|Angola Huambo
EChj]oglaﬂis sp. MAFWO016-11MAT 11-001Malawi|Chiloglanis sp. “Bua’
Chiloglanis sp. MAFW015-11MAT 11-096Malawi/Chiloglanis sp. “Bua®
rChj]c-g]aﬂis sp. MAFWI105-11]TM11-223 Malawi|
Chiloglanis sp MAFW108-11|TM11-236Malawi|
Chiloglanis| ANGEFW132-12]RB12-A299| Angola Huambo
Chiloglanis| ANGEFW131-12[RB12-A277|Angola Huambo
Chiloglanis fasciatms| ANGFW077-12[EB12-A102|Angola Bie
Chiloglanis| ZAFWOT72-12|EB11-D066| Zambia North-Western
Chiloglanis| ANGFW133-12|EB12-A262|Angola Huambo
Chiloglanis| ANGFW134-12|FB12-A257|Anpgola Huambo
Chiloglanis sp [MAFW097-11|TM11-194/Malawi|
I- Chiloglanis sp MAFW104-11|TM11-221 Malawi|
Chiloglanis sp MAFA074-11|TH11-132Malawi|
Chiloglanis sp MAFW0T76-11|TM11-135Malawi|
Chiloglanis sp MAFW029-11|TM11-019Malawi|
Chiloglanis sp MAFW054-11|TM11-067Malawi|
Chiloglanis sp MAFW061-11|TM11-095Malawi|

Clariidae i airbreathing catfishes

Clarias catfishes are one of the characteristic and dominant groups in the lower
Okavango systems and form a major portion of artisanal fisheries catches. There are
four species in the lower river, all are common but the most common is the largest
species Clarias gariepinus. Remarkably during our Angolan survey Clarias were rare
and C. gariepinus was absent from our own catches although we saw a few in

fishermends catches. This cert ariOkalapgo fasna a

in Angola as clariids are top predators and have a major impact on fish communities.

Clarias we caught were known upper Zambezian species but more typical of smaller
sub-systems and higher altitudes, most commonly caught was C. liocephalus
characterized by its small adult size and high-lighted fin pattern. The barcode results
suggest a split between what is recognized as C. stappersii between the
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Zambezi/Okavango and the Cunene systems. Interestingly the Qeve River which for

most other groups has a unique fauna has C. liocephalus which clusters with upper
Zambezia/Okavango specimens.

Figure 20. Clarias specimens and barcode results.

Clarias theodorae RB12-Ang07 Cacuchi River at bridge 5641b.jpg

Clarias liocephalus RB12-Ang07 Cacuchi River at bridge 5595b.jpg

Clarias stappersii RB12-Ang18 Cuchi River - rabbit bridge PHS 0512 11 030b.jpg
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Clanas ngamensis|ZAFWO45-11[MI11-142|Zambia Northermn)|
Clarias ngamensis| ANGFW041-12[FB12-A057| Angola Cuando Cubango
Clarias ganepinus|SAFW015-06/SAIAB A079Namubia Kimene[FAO-01
Clarias ganiepimus[SAFW001-06[SAIAB A001Namubia HardapFAO-01
Clanas ganepims|SAFW044-06/SAIAB A306Nanubia Kimene[FAQ-01
Clarias ganepinus/MAFW034-11/TM11-025Malawi|
Clarias ganepimusMAFW018-11MAL11-072Malawa
Clanas ganepmusMAFW017-11MAL11-049Malawn
— r— Clanas[ ANGEFW100-12|FB12-A224|Angola Huambo|cf. iocephalus
L Clanias liocephalus/ ANGFW079-12|RB12-A123|Angola Bie
Clanias stappersi|ZAFW009-11[MWL11-A015/Zambia Northem|
Clanias stappersil|ZAFW016-11[MI11-148/Zambia Northern|
Clarias stappersif] ANGFW022-12[EB12-A059/Angola. Cuande Cubango
Clarias| ANGFW125-12[RB12-A3335|Angola Huambo
Clanias stappersii|SAFW017-06/SAIAB A088Namubia KuneneFAO-01
Clarias stappersii|SAFW006-06/SAIAB A062Nanubia KuneneFAQ-01
Clanas theodorae ANGFWOT4-12[FB12-A214|Angola Bie
l[i:la.rjas theodorae|ZAFW040-11|ACEP09-1519|Zambia Northern|

|C']an'a5 ngamensis|ZAFW031-11 |['i—"H1 1-028|£ambia Morthem

Clanas theodoraeMAFW116-11|Th11-272[Malawi|
Clarias theodorae|ZAFW041-11[MI11-192|Zambia Northemn|

Cichlidae i cichlids, bream

As with clariids, the cichlid assemblage is a characteristic and dominant feature of the
lower river and delta and similarly cichlids were remarkably rare and less diverse in the
Angolan upper catchments. Barcode results need to be examined with care as the

cichlid o6flockd is recently evolved (Joyce

gene is probably a poor marker for examining their diversity. Despite their low diversity
and numbers there were a few species of taxonomic interest which we have struggled
to identify with certainty and these may be new species. We encountered one clearly
di stinct &errambchmmiospeciesardy at the Cacuchi Bridge site which we
consider to be a new species at this stage. The Thoracochromis collected in the upper
Kunene catchment in Huambo was also morphologically and genetically distinct from
T. buysi and T. albolabris, the species known from that system. The Psuedocrenilabrus
philander exhibited a distinct colour pattern and colouration being deep red, something
not seen in the lower river. Pseudocrenilabrus are highly variable between populations
and at this stage we are uncertain about the significance of this feature.
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Figure 21. Cichlid diversity in the upper Okavango in Angola with barcode results.

Oreochromis macrochir RB12-A029 Qbe
River, Menongue PHS 0512 02 035

Pharyngochromis  acuticeps
Qebe River, Menongue 5391b

RB12-Ang02

Pseudocrenilabrus philander
6071b.jpg

RB12-Ang23

Sargochromis sp. Canavale R. RB12-Ang23
6067b

Serranochromis angusticeps RB12-Ang20
5967b.jpg

Serranochromis sp. 6 r e d
5444b sp. RB12-Ang07 5444b

RB12ANG07

RB12-Ang01

robustus

Serranochromis
5364b
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Tilapia sparrmanii RB12-Ang25 Longa River
PHS 0512_14 084b

Thoracochromis cf. buysi RB12-Ang09
Upper Cunene at Huambo 13-5-2012 5794b
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= Thoracochromis| ANGFW106-12|RB12-A246/Angola Huambo
Serranochromis robustus(MAFW113-11/TM11-268Malawijuvenile
Serranochromis robustusMAFWI133-11(DT10-A200Malaw
Serranochromis macrocephalus|SAFW011-06(SAIAB A075Namibia Kunene/FAO-01
Serranochromis altus[NAFW009-12|SATAB MAT 11-048 Namibia|
Serranochromis alins[NAFW015-12|SAIAB MAT 11-067Namibia
Serranochromis angusticepsNAFW014-12|SATAB MAT11-107Nanubia
Serranochromis altus[NAFW006-12|SAIAB MAT 11-100Namibia|
Serranochromis angusticeps| ZAFW039-11[MI11-163|Zambia Northern|
= Semranochromis macrocephalns| ANGFW040-12|RB12-A055|Angola Coando Cubango|
— Pharyngochromis acuticeps NAFW010-12|SATAB MAT 11-046[Namibial

— Pharyngochromis[NAFW016-12|SATAB MAT 11-033[Namibia

Sargochromis codringtonii|NAFWO018-12|SATAB MAT 11-175Namibia
Pharyngochromus[NAFW017-12|SATAB MAT 11-037[Nanubia
Sargochromis giardiNAFWO011-12|SATAB MAT 11-078Namibia
Pharyngochromis acuticepsNAFW013-12|SATAB MAT 11-128[Namibia
Sargochromis carlottaeINAFW004-12/SATAB MAT 11-196 Namibia
SargochromisNAFWO012-12|SATAB MAT 11-114/Namibia|“dusky’
SargochromisNAFWO020-12|SATAB MAT 11-092Namibia|“dusky’
Pharyngochromis acuficeps| ANGEFW161-12|RB12-A467|Angola. Cuando Cubango
Sargochromis giardiNATWO005-12|SATAB MAT 11-161|Namibia
Serranochromus| ANGFW136-12|FB12-A260|Angola Bie
Serranochromis macrocephalus ANGFW044-12[RB12-A150|Angola Bie
Serranochromis macrocephalus| ANGEFW043-12[RB12-A110|Angola Bie
Serranochromis sp |ANGFW066-12[RB12-A130|Angola Bie|
haryngochromus ANGFW150-12|RB12-A272|Angola Bie
Pharyngochromis acuticeps| ANGFW135-12]EB12-A376|Angola Huambo|
Pharyngochronus acuticeps| ANGFWO009-12[RB12-A003|Angola Cuando Cubango
Serranochronus sp. |ANGFW004-12[RB12-A0253|Angola Cuando Cubango
Serranochromus sp.|ZAFW044-11MI11-189|Zambia Nerthern|cf robustus
Serranochromis sp.|[ZAFW012-11MI11-180|Zambia Northern|
Serranochromis sp. |ANGFW003-12[RB12-A027|Angola Cuando Cubangolcf. thunbergi
Serranochromus sp.|[ZAFW043-11MWL11-A011|Zambia Northern|cf. robustus
Serranochromis robustos robustus] ANGEFW017-12|RB12-A042|Angola Cuando Cubango
|| jThoracochromis buysi| SAFWO021-06/SAIAB A100Nanubia KuneneFAO-01

Thoracochromis buysi SAFW004-06(SAIAB A053Nambia KuneneFAO-01
Thoracochronus buysi SAFW045-06(SAIAB A310Nanubia KuneneFAO-01

Thoracochromis buysi SAFW046-06(SATAB A311Namibia EnneneFAO-01
Sargochromis| ANGFW124-12[FB12-A374|Angola Huambo|cf. viviparus
Thoracochromms| ANGFW115-12[RB12-A400|Angola Huambo|cf. buoysi
Orthochromis machader SAFWO051-06/SAIAB A340Namibia Kunene[FAO-01
Thoracochromis albolabris| SAFWO010-06/SAIAB A074/Namibia Knnene|FAQ-01
Theracochromis albolabnsSAFW020-06/SAIAB A099Namibia KuneneFAO-01
Thoracochronus albolabns SAFWO027-06/SAIAB Al17§Namibia KuneneFAO-01
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Mastacembelidae i spiny eels

Mastacembelid eels are widespread through the upper Zambezi region. Currently two
species are recognised, M. frenatus and M. vanderwaali. We did not collect M.
vanderwaali and so all our specimens, following the current taxonomy are assigned to
M. frenatus. However, the taxonomy of the genus has been actively researched during
the last few years and the diversity appears to be much higher than the current
taxonomy would suggest. Firstly, M. frenatus was described from the northern part of
Lake Tanganyika and thus it seems unlikely to be the correct name for species in the
Zambezian region. Secondly, several species have been previously described and
synonymised with M. frenatus and these are possibly more appropriate names. Further
taxonomic work is needed.

Mastacembelus frenatus, Boulenger G.A. 1901. Northern end of Lake Tanganyika,
Burundi. Holotype (unique): BMNH 1906.9.6.161.

Mastacembelus mellandi, Boulenger G.A. 1914. Solwezi River, tributary of
Chifulowa River, Zambia. Holotype (unique): BMNH 1914.9.21.13.

Mastacembelus mutombotombo, Pellegrin J. 1936. Cubango [Okavango] River
near Vila da Ponte, Angola. Holotype (unique): MNHN 1936-0157.

Mastacembelus thompsoni, Boulenger G.A. 1918.Sesheke, Zambia. Holotype
(unique): SAM 14542 [now at SAIAB].

Interestingly Pellegrin (1936) described the species from the upper Okavango as M.
mutombotombo and all local people during the May expedition referred to eels by the
|l ocal name Omut ombotombobo.

The specimens we have collected vary considerably in colour patterns which are
difficult to interpret. There are few other good external characters to help with species
determinations as scales are minute and fin spines numerous and deeply embedded.
From our examinations so far (based on bar-code results and colour patterns) there
seems to be three species/groupsi n t he expeditiondés col |

1 A211 & A381 i both from the coastal Qeve River system (site 11) and
genetically very different to the Okavango specimens.

ectio

1 A278 i Cuela (site 18, upper Cacuchi ) 71 Gwampyb sahdy br i dg

headwater river - unpatterned and a little different genetically.

1 A387 (site 17, Chitembo stream), A147 (site 7, Cacuchi bridge), A245 (site 9,
Mumbue tributary) i all Cacuchi sub-system
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Figure 22. Mastacembelid eel specimens and barcode results.

Mastacembelus frenatus RB12-Ang07 Cacuchi River (Okavango system) 5603b.jpg

Mastacembelus sp. RB12-Ang17 Chitambo (Okavango system) 5886b.jpg

Mastacembelus sp. RB12-A211 and A381 Qeve River near Huambo (coastal system)
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Mastacembelus frenatus| ANGFW069-12[FB12-A147|Angola Bie
Mastacembelus sp |ANGFWO027-12[FB12-A245/Angola Bie

— Mastacembelus frenatus| ANGFW151-12[FB12-A278|Angola

— Mastacembelus shiranus MAFW013-11MAL11-073[Malaw

Mastacembelus shiranms WMAFW014-11 MAT11-074Malawn

- Mastacembelus shiranus MAFW118-11TM11-280Malaw|

Mastacembelus frenatus| ANGFW101-12[FB12-A211|Angola Huambo

Mastacembelus frenatus| ANGFW102-12[FB12-A381|Angola Huambo

_[lfa-mtemhelu: ANGEFWI149-12RB12-A387|Angola Bie

Anabantidae i climbing perches or labyrinth fishes

Anabantids are small percoid fishes typically occurring in floodplain swamps and
possessing accessory air-breathing organs to deal with the low oxygen levels in these
environments. During the May Angola (Okavango) expedition we rarely sampled
suitable swampy habitats and consequently collected very few specimens and only
one species of anabantid. We collected a few specimens of Microctenopoma
intermedium at a single site and none of the larger Ctenopoma multispine. The only
site where M. intermedium was recorded was the grassy margins of the Canavale
River. They were collected using a D-net which was raked through marginal flooded
grasses and overhanging root stocks in the bank. The group is probably more typical
of the southern and eastern rivers of the Angolan sector of the Okavango system.

Figure 23. Microctenopoma intermedium RB12-Ang23 Canavale River 6075b.jpg
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4.3 Artisanal fisheries.

We observed relatively few, low-intensity fishing activities during the survey. However
they were widespread and during the dry season would probably increase in intensity
as other sources of food decline. Increased pressure on local fisheries resources due
to population growth and easier access to rivers could result in over-fishing and
depleting local fish populations in the future. This could be exacerbated by varied
habitat degradation and pollution. We suggest a dedicated programme is needed to
examine the current fishery and develop a long-term fisheries management plan
ideally this should be trans-boundary in scope.

Aquaculture and dam fisheries. With the construction of dams and the growth of urban
populations the likelihood of both enhancing dam fisheries with introduced stocks and
aquaculture projects is high. Neighbouring regions have suffered from the impacts of
alien introductions for aquaculture purposes. We strongly recommend the use of
locally caught indigenous species in all aquaculture projects and dam fisheries.
Obvious candidates would be Oreochromis andersonii and O. macrochir collected from
the system.

Figure 24. Artisanal fisheries activities observed during the May 2012 expedition.

ishing baskets 1 typically used by groups | Hook and line fishermen 1 usually young
of women to scoop fish up boys use this method

i ' - TS = |
Fish weir 7 this had open (non-valved) | Valved fish trap i typically this will be set
constriction traps in and was in use. in a well-constructed un-passable fence
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4.4 General observations and concerns.

Diseased Fish

A low incidence of fish infected with Epizootic Ulcerative Syndrome (EUS), was
observed. The infection, which is caused by an alien fungus (Aphanomyces invadans),
creates large ulcers on the body and discourages people from consuming them. The
fungus appears to be unselective infecting all fish species and age classes and
presumably will have a significant impact on recruitment rates and fisheries stocks.
This is the first known record of the outbreak in Angolan waters. The species found to
be infected were: Labeo cylindricus and Barbus cf. thamalakanensis both collected at
Site RB12-Ang26, Cuchi Bridge at Cuchi.

Figure 25. Barbus cf. thamalakanensis infected with EUS (RB12-Ang26-Cuchi Bridge).

Habitat degradation (riparian habitat loss, sedimentation).

As people return to the region there is likely to be an increased rate of deforestation for

building, fire wood and agricultural clearing in rural areas. Several large urban centres

exist already and these presumably will grow. Urban pollution from direct spillage of

varied industrial wastes, sewage and general urban run-off will seriously threaten

future water quality of the river system. These varied impacts are likely to increase
progressively down the system and could have
t he Okavangobs wat er s Gobdeurbaheplanneng withh ser®ust s wa n ¢
attention to environmental issues would be desirable at this early stage of urban

regrowth.
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