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1.
EXECUTIVE SUMMARY
The Maputo Special Reserve (MSR) is at the north-eastern extremity of the Lubombo Trans Frontier Conservation Area (TFCA) and it contains varied wetlands from near-shore marine reefs, estuaries, estuarine lagoons, mangroves, saline through to freshwater lakes of varying sizes, freshwater streams, rivers and swamps. Little scientific work has been conducted in Maputaland within Mozambique which contrasts with considerable work in Lake Sibaya, Kosi Bay, Lake St Lucia and the Phongolo system, South Africa.

OBJECTIVES
1. Provide a checklist of species of freshwater fish, based on personal observation for the lakes and streams within the Maputo Special Reserve.

2. Provide a report covering survey techniques used, evaluate survey findings, raise points of biological interest.

3. Provide a set of properly labelled and preserved fish specimens for deposition in the Maputo natural history museum.

4. Provide a set of good quality, captioned colour photographs of species of particular interest and of survey activities (CD-Rom).

5. Give recommendations for conservation and management of fish resources in the Maputo Special Reserve.

METHODS
6. Fish samples were collected using a graded series of gill nets, seine and hand nets. Samples were fixed in 10% formalin and 95% ethanol in the field. All samples were returned to the JLB Smith Institute of Ichthyology for sorting and identification. A representative collection has been sent to the Maputo Museum while the bulk of the material is held at the JLB Smith Institute of Ichthyology as a voucher collection.

RESULTS
7. Survey sites included lakes Xingute, Piti, Maunde, Maxai and the margins of Nele, a mangrove channel (Rio Bembe), the Rio Futi and the main channel of the Rio Maputo. All habitats were sampled where possible and these included lakes, streams and rivers, margins, open waters, varied substrates, mangrove channels, waters of varying salinities, weed beds, emergent and overhanging vegetation, still and flowing waters.

8. Water conductivity. There was a considerable range of conductivities between the various lakes and streams of the MSR. Highest conductivities were recorded in the upper reaches of the Rio Bembe and Lake Maxai. Isolated swamps and Rio Maputo main channel had the lowest conductivities. Results indicate there are considerable differences in the water budgets within the different water bodies throughout the MSR. Future possible developments and pollution events will have varying effects in lakes with different water budgets and retention times. Such factors need to be considered when planning developments.

9. The fish fauna of the Maputo Special Reserve.
· Twenty eight species were collected in the MSR lakes and streams.

· The lakes and streams within the MSR are dominated by the cichlids Oreochromis mossambicus and Pseudocrenilabrus philander and the catfish Clarias gariepinus. Other common species were the cyprinid Barbus paludinosus, the cyprinodont Aplocheilichthys katangae and the goby Mugilogobius mertoni.

· Many of the small swamps and pools harbour no fish. It is probable that many of these were dry until recently.

· A single mangrove channel (Rio Bembe) was sampled in its upper reaches. There are extensive mangroves in the MSR and these are particularly valuable nursery grounds for many of the near-shore marine species of the region.

· Rio Maputo fishes were predominantly riverine species which were rarely present in the lakes and swamps of the MSR. This is a trend seen in southern Maputaland in South Africa.

· Rio Futi and Lake Nhame. The Rio Futi was depauperate with only two species collected at two sites. Lake Nhame (five species) was dominated by the two cichlids, O. mossambicus and Tilapia sparrmanii and the topminnow A. katangae. The presence of papyrus and high water conductivity suggest possible deoxygenation events are responsible for low diversity.

· Lake Piti has the highest diversity of fishes (16 species) in all the lakes and streams within the MSR. A large proportion of the fauna is comprised of estuarine (freshwater breeding) species which are mostly different from those of other MSR lakes: five gobies, one eleotrid and one clupeid. One of the gobies, Silhouettea sibayi, and the clupeid Gilchristella aestuaria, are new records and a northerly range extensions from Kosi Bay. Mugilogobius mertoni, a dominant species in most of the other lakes was absent. The one freshwater Maputaland endemic, Aplocheilichthys myaposae, was abundant in Lake Piti, but was only found in this lake.

· New records for the MSR:

Marcusenius macrolepidotus

Clarias ngamensis

Rhabdosargus sp.

Croilia mossambica


Glossogobius callidus

Mugilogobius mertoni

Redigobius dewaali


Pandaka silvana

Liza melinoptera

Yongeichthys nebulosus

Silhouettea sibayi

Eleotris fusca

Periophthalmus argentilineatus

· Added to those recorded by Tello (1973) the total number of fishes collected in fresh and brackish waters of the MSR is now 43.

· Uniqueness of the MSR fish fauna. The two components of the MSR ichthyofauna are the freshwater and the estuarine (freshwater breeding) species. The two Maputaland near endemics - B. viviparus was widespread but not abundant in the lakes of the MSR and A. myaposae was abundant in Lake Piti only. The unique elements of the estuarine fauna are mainly in the family Gobiidae. The central MSR lakes are dominated by M. mertoni which is widespread in the western Indian Ocean. In Lake Piti the Maputaland endemics C. mossambica, R. dewaali and S. sibayi are present.

· The MSR lakes represent substantial areas of habitat for all these species which in other parts of their ranges (in South Africa) are threatened by sedimentation of estuaries and other impacts associated with human developments.

10.
Local fishing methods. Commercial scale gill-net fisheries were observed within the MSR on Lake Piti.

RECOMMENDATIONS
11. A limnological survey of the MSR should be conducted.

12. A taxonomic survey for freshwater invertebrates of the should be conducted.

13. Ideally surveys should be done by a multi-disciplinary team. Organisations such as Conservation International (AquaRap) or World Wildlife Fund could help with these.

14. A long-term study of fish dynamics and varying hydrological regimes in the region would be of great scientific value.

15. The extent of fisheries should be assessed in the wider Lubombo TFCA region by the Mozambique fisheries department.

16. The results of scientific studies should be fed back to the lower levels of MSR staff.

17. Lakes with long water retention times will retain pollutants for very long periods of time. Limnological factors should be considered when developments are reviewed.

18. The more diverse regions, such as Lake Piti and mangroves, which are also the nurseries for many of the near-shore marine fishes, should receive particular care and protection. Developments in these areas should be prevented or kept to a minimum.

19. Any developments should consider the effects on near-shore marine environments which were not the subject of this study.

2.
INTRODUCTION
The Lubombo Transfrontier Conservation Area (TFCA) is a conservation-oriented development programme, one of the objectives of which is to link the Tembe Elephant Park in South Africa with the Maputo Special Reserve in Mozambique. The overall tri-national area of the LTFCA is 25,000 km². The creation of the Futi Corridor will increase the size of the protected area within Mozambique from 780 km² to 1,600 km². One of the major aims of the Lubombo TFCA is to create the first major elephant stronghold along Africa's eastern coastline. However, it will also conserve a unique mosaic of terrestrial and aquatic habitats along the east African coast.

The region is dominated by an extensive low-lying coastal plain which consists of coastal dunes, rolling open grasslands, dense woodland thickets and a wide variety of coastal wetlands. The wetlands range from near-shore coral reefs, estuaries, estuarine lagoons, mangroves, saline through to freshwater lakes of varying sizes (some are intermittently open to the sea), freshwater streams, rivers and swamps. Many of the wetlands are seasonal which flood during the summer rainy season. The sediments underlying this coastal plain are of marine origin of varying ages (quaternary (10,000 to 1.8mya), tertiary (1.8 to 70mya) and cretaceous (70 to 140mya)) and represent a variety of depositional methods and environments (Hobday 1979).

The Maputo Special Reserve (MSR) is at the north-eastern extremity of the Lubombo TFCA and the Maputaland region. The MSR was established in1932 and enlarged in 1969. The remaining land in Mozambique, which will be incorporated into the TFCA, is state owned communal land, with a relatively low population density. The MSR is an area of great scientific interest for several reasons.

· The Maputaland region has been identified as a hot-spot for fish biodiversity (Skelton et al. 1995)

· The greater Maputaland region has 67 species, 42 genera and 23 families of fishes found in freshwaters (Bruton & Kok 1980).

· The region is a transitional zone between the diverse Zambezian (northern tropical) and southern temperate fish faunas. Just south of the Phongolo system in South Africa species diversity decreases dramatically.

· There is also a considerable subtraction of species from the diverse Phongolo River through to the coastal swamps and lakes in South Africa . This is also expected for the MSR which is within the broadest  section of the coastal plain.

· There are additional species of marine origin which occur in coastal freshwaters which are or have had connections with the sea. In particular gobies, eleotrids, clupeids and perciforms.

· The MSR incorporates diverse and more extensive habitats than is seen in the southern part of Maputaland in South Africa.

· Little scientific work has been conducted in Maputaland in Mozambique which contrasts with considerable work in lake Sibaya, Kosi Bay, Lake St Lucia and the Phongolo system, South Africa.

Considerable work has been conducted in southern Maputaland in Lakes Sibaya, Kosi, St Lucia and the Mkuze swamps (Blaber 1978, Bruton 1979, Bruton & Kok 1980, Skelton 1989). Bruton & Kok (1980) recorded 67 fish species within the freshwaters of the Maputaland in South Africa. They noted that the greatest diversity was found in the Maputo River and its floodplain and the lowest diversity in the coastal lakes. They grouped the freshwaters into three types - major rivers and their flood-plains, coastal lakes (both freshwater and estuarine) and small freshwater swamps and lakelets. The region is the type locality (where these fish were fish described from) for three gobies, one cyprinodont and one cyprinid (minnow) (Table 1). These species are either Maputaland endemics or have the centers of their distributions in Maputaland and are near-endemics.

Table 1. Fish species whose type localities are in Maputaland and whose ranges are predominantly in the African south-east coastal region.
(H = holotype, S = syntype, L - lectotype, ZMA = Zoologisch Museum, Amsterdam, BMNH = British Museum (Natural History), London, RUSI = JLB Smith Institute of Ichthyology, Grahamstown, AMG = Albany Museum, Grahamstown)

	Species, author & date
	type locality
	type status & no.
	museum number

	Barbus viviparus Weber 1897 
	Umhlasine Brook, Verulam, near Durban, Natal, South Africa
	L
	ZMA 100539

	Aplocheilichthys myaposae Boulenger 1908
	Myaposa River, Zululand, South Africa.
	S
	BMNH 1907.4.17.88‑89

	Croilia mossambica Smith 1955
	Poelela Lake, near Inharrime, Mozambique
	H
	RUSI 196

	Redigobius dewaali Weber 1897 
	Umgeni River, interior of Natal, South Africa
	L
	ZMA 103238

	Silhouettea sibayi Farquharson 1970
	East shore of Lake Sibayi, Zululand, South Africa
	H
	AMG P1100


In Mozambique the freshwater fishes of the southern Mozambique coastal plain/ northern Maputaland region have been less well studied. Hill et al. (1975) reported on a brief expedition to Lake Poelela although it was not a taxonomic survey. They found 11 fish species in the lake and these were dominated by cichlids (>95% in gill net catches). The most abundant cichlid was Tilapia rendalli (Boulenger 1896) and Oreochromis mossambicus (Peters 1852) and Pseudocrenilabrus philander (Weber 1897) were common. Hill et al. (1975) recognised three distinct components of the Lake Poelela ichthyofauna: estuarine species which must return to the sea to spawn (e.g. Mugilidae); estuarine species which can breed in fresh or brackish waters (e.g. Glossogobius giuris Hamilton-Buchanan 1822 and Croilia mossambica Smith 1955); and freshwater species (e.g. cichlids and Clarias gariepinus Burchell 1822).

Only two fish surveys in the Maputo Special Reserve and southern coastal lakes region have been reported (Tello 1973 and Boane 1995). Unfortunately Tello’s (1973) study of the Maputo Elephant Reserve was not obtainable so I have been restricted to comments made about it in Boane’s (1995) report. Table 2 below gives the species collected by these authors (names have been altered to reflect taxonomic changes). It should be noted that areas to the south (outside) the MSR were sampled by both Tello and Boane. 

Table 2. Fishes collected in freshwaters of the Maputo Special Reserve by Tello (1973) and Boane (1995).
	Tello 1973 (30)
	Boane 1995m (17)

	Anguilla marmorata

A. labiata

A. mossambica

A. bicolor

Gilchristella aestuaria

Barbus paludinosus

B. polylepis

B. viviparus

Barbus sp.

Labeo spp.

Hydrocynus vittatus

Brycinus imberi

Schilbe intermedius

Clarias gariepinus

Synodontis zambezensis

Aplocheilichthys johnstonii

A. katangae

A. myaposae
	Nothobranchius orthonotus

Oreochromis mossambicus

Tilapia sparrmanii

T. rendalli

Pseudocrenilabrus philander

Mugil cephalus

Awaous aeneofuscus

Glossogobius giuris

Croilia mossambica

Hyperamphus delgoae

Carcharinus leucas

Pristis microdon
	Gilchristella aestuaria

Barbus paludinosus

B. polylepis

Labeo rosae

Hydrocynus vittatus

Brycinus imberi

Schilbe intermedius

Clarias gariepinus

Synodontis zambezensis

Aplocheilichthys johnstonii

A. katangae

Oreochromis mossambicus

Tilapia sparrmanii

Pseudocrenilabrus philander

Mugil cephalus

Awaous aeneofuscus

Glossogobius giuris


There is little indication in Boane (1995) where, within the region, fishes were collected. Many of the species are typical riverine forms, e.g. B. polylepis, S. intermedius, S. zambezensis, H. vittatus, B. imberi and L. rosae, which would only be expected in the main channel of the Rio Maputo. Consequently, although there is a list of species present in the region there is little indication of how these fishes are distributed and whether the different lakes and streams have characteristic faunas. From our knowledge of the Maputaland region in South Africa the various lakes and streams do have different salinities, freshwater and marine inputs, wind mixing and morphology and these are certainly reflected in different ichthyofaunas.

This present survey is at the request of the Transfrontier Conservation Area which is involved with the management of the Maputo Special Reserve. The main aims of the survey are to establish the freshwater fish species present in the reserve’s lakes and streams and to make recommendations for their long term conservation. Specifically we were asked to survey lakes Xingute, Piti, Maunde, Maxai, Nhame and the Rio Futi (Appendix 1).

3. 
PROJECT DETAILS.
Project title:
An inventory of fishes from the Maputo Special Reserve and Futi Corridor, Mozambique 21/9/1999 to 6/10/1999.

Names and addresses of executants:

Scientist - Roger Bills, Curator Freshwater Fishes (e-mail: R.Bills@ru.ac.za ).

Research assistant - Sally Terry, Freshwater Fishes (e-mail: S.Terry@ru.ac.za ).

JLB Smith Institute of Ichthyology, Private Bag 1015, Grahamstown 6140, South Africa. Telephone: (046) 6361002, FAX: (046) 6222403.

Field assistant - Gonçalves Antonio Mulungo, Inhaca, Mozambique.

Survey period: September 21st - October 6th, 2001.

Reporting period: Report to be submitted before the 20th November 2001.

Terms of Reference - The Consultant will:

1. Provide a checklist of species of freshwater fish, based on personal observation for the lakes and streams within the Maputo Special Reserve. Species should be listed by scientific name, with equivalent English and Portuguese names given where available. Each entry in the checklist should be annotated with indications of:

 (a) preferred habitats;

 (b) abundance;

 (c) area where found; and

 (d) coordinates for particular sightings or specimens.

2. Provide a report covering survey techniques used, evaluate survey findings, raise points of biological interest.

3. Provide a set of properly labeled and preserved fish specimens for deposition in the Maputo natural history museum.

4. Provide a set of good quality, captioned colour photographs of species of particular interest and of survey activities (CD-Rom).

5. Give recommendations for conservation and management of fish resources in the Maputo Special Reserve.

4. 
METHODS
Fish samples were collected using a graded series of gill nets (50mm, 70mm 90mm, 110, 130mm stretched mesh, multi-filament), seine (5m long, 3mm knotless mesh) and various hand nets. Samples were also bought from local fishermen who were using gill nets. A Deka battery pack electric-fisher was attempted on Lake Xingute and the Rio Futi but was ineffective due to the high conductivity. All photographs were taken using a Nikon Coolpix 995 digital camera. Photographs of all sites and fish species are provided on an accompanying CD-Rom with the project report.

Most samples were fixed in 10% formalin in the field and on returning to Grahamstown transferred to 60% propyl alcohol for long term preservation. Small specimens were placed whole into formalin while specimens larger than 20cm were also injected with formalin. Tissue samples were taken from some specimens for DNA analyses.

All samples were returned to the JLB Smith Institute of Ichthyology for sorting and identification. A representative collection has been sent to the Maputo Museum while the bulk of the material is held at the JLB Smith Institute of Ichthyology as a voucher collection for this study. Museum accession numbers for this collection are available on request. All freshwater fish identifications were determined by Roger Bills and marine species by Helen Larson, Nadine Strydom and Joan Wright.

The similarity index (SI) used by Skelton et al. (1989) for the fish assemblages of the Mkuze region (southern Maputaland) was used here so that comparisons could be made between the data sets. The SI was calculated by dividing the number of fish common to two sites by the total number of species at both sites.

5. 
RESULTS AND DISCUSSION
5.1. Survey sites and habitats
The Maputo Special reserve is bounded by the Rio Maputo along its western border, the Maputo Bay mangrove systems in the north, the Indian Ocean in the east and a mixture of swamps, lakes and terrestrial habitats to the south. Within the reserve there are numerous lakes, swamps and small channels of varying sizes. We concentrated our September-October survey on freshwater habitats within the reserve. Lakes Xingute and Piti were sampled for two days each and numerous other small swamps and the margins of other lakes were visited for shorter periods (Figure 1, Table 3, site photographs on the CD-Rom). The Rio Futi, Rio Maputo and the Rio Bembe (a mangrove channel) were also sampled to a limited extent. The habitat types surveyed were as follows.

Lakes - open waters. Gill nets were used to sample off shore habitats in Lake Xingute and Lake Piti for one night each. The water depth at each site was between 2-3m and the substrate was sand. There was sparse emergent vegetation tentatively identified as Scirpus littoralis.

Lake margins - sandy beaches. Lake Piti and Maxai were predominantly sandy shores possibly because of regular strong winds. There was very sparse or no aquatic vegetation present. These sites were mainly sampled with seine nets.

Lake Margins - submerged and emergent vegetation mats. Most of the sites on Lakes Xingute, Maunde and Zunli were a mixture of flooded lake margins (emergent grasses and sedges) or Potamogeton pectinatus beds. These were sampled using a throw net and a large D-frame hand net.

Swamps. Numerous small isolated swamps were sampled along roadsides. These were mostly less than 2m depth and all were fringed with substantial mats of emergent grasses. Most of these swamps did not contain any fish. Sampling was by throw net (open waters) and D-frame net (margins).

Flowing channels - lake outlets. The Lake Piti and Xingute outlets were sampled. Both were flowing at the time of sampling and both were mainly sandy substrate channels with little vegetation or complexity. Seine, D-frame, hand and throw nets were all used.

Rio Futi - flowing stream. This was a large papyrus choked channel with a slow flow. We sampled at the two bridges near main camp where access was easy. The water was clear but stained brown. The substrate was a mixture of rocks (from bridge construction) sand and mud. Aquatic vegetation, floating and emergent vegetation was dense. Sampling was with a seine and D-nets and electric-fishing was attempted but the conductivity was too high to be effective.

Rio Maputo - main stream. The river between Salamanga and Bela Vista is affected by the marine ebb and flow although it was freshwater dominated. The main habitat sampled was mud banks along the river margin with no vegetation. This was the dominant habitat accessible and we sampled it using throw-, gill- and D-nets. A single site was in the center of the river channel and this was a sand substrate island at low tide.

Rio Bembe (mangrove channel). This was a main mangrove channel approximately 3m deep and 5-7m wide. The substrate was deep soft mud. We  sampled it at low tide when the water was about 1m deep (no flow). We also sampled a very small side channel draining the mangrove flats.

5.2. Water conductivity
The conductivity of water at sites is given in Table 3. There was a considerable range of conductivities between the various lakes and streams of the MSR. There were no significant differences between surface and bottom samples indicating no salinity stratification or seawater intrusions into the lakes. However, there were consistent strong winds during our entire stay in the reserve which may have contributed to the lack of stratification.

We recorded the highest conductivity in the upper reaches of the Rio Bembe (mangrove channel) at low tide. It was brackish to the taste. Clearly this channel has a direct and open link with the Maputo Bay. Lake Maxai was the next most conductive water, also noticeably brackish to taste and the water was clear. We observed no major inflows or outflows from Lake Maxai although we only visited the north and east sides.

The small isolated swamps had in general the lowest conductivities. These typically had no inflows or outflows and were rain fed pools and swamps which evaporate every dry season. The Rio Maputo main channel was also freshwater dominated although an increase in salinity slightly at Bela Vista (10km from the mouth) was observed. Our measures were taken at low tide and so at high tide the levels should have been higher. The river was tidal between out upper and lower sampling sites (site 45 was approximately 20km upstream from the mouth).

Lake Xingute although not brackish to taste has a high conductivity relative to most freshwaters. Samples from the northern (outflow end) were more conductive than those from the southern inflow swamp. Xingute has no connection to the sea. Possibly the high salt levels in the lake are derived from a combination of low freshwater inflows, high evaporation rates and the drawing of salts from the underlying marine sediments.

Surprisingly Lake Piti which is on the coast and has an intermittently open estuary channel was freshwater dominated with low conductivity. At the time of sampling we did not notice an inflow channel at the southern end of the lake. However, aerial photographs revealed a well developed inflow channel close to our site 25.

The varying conductivities of the different water bodies indicate there are considerable differences in their water budgets. If these differences are long term then these are likely to affect species compositions of freshwater fishes and invertebrates as these will have preferences for varying levels of salts. There are also implications for future possible developments and pollution events as lakes with low flushing rates will probably retain pollutants for long periods and those with different water chemistries (pH, salt composition) with mobilise pollutants to varying degrees.

Figure 1. Collection sites during the Maputo Special Reserve expedition (21st September - 6th October 2001). (Pictures of all sites provided on an accompanying CD-Rom)

Table 3. Collection sites during the Maputo Special Reserve expedition (21st September - 6th October 2001). (Pictures of all sites provided on an accompanying CD-Rom)

	Site code

MSR
	Date
	Site description
	Coordinates
	Capture methods



	1
	24/09/01
	Isolated pool north-west of Lake Xingute
	26 29' 42" S 32 46' 53" E
	D

	2
	25/09/01
	Lake Xingute fringes
	26 30' 32" S 32 48' 52" E
	D S

	3
	25/09/01
	Lake Xingute outflow
	26 30' 25" S 32 48' 41" E
	D S T

	4
	25/09/01
	Isolated pool north-west of Lake Xingute
	26 29' 41" S 32 46' 42" E
	D

	5
	25/09/01
	Lake Xingute - north-west shore
	26 30' 23" S 32 47' 53" E
	D

	6
	25/09/01
	Typha swamp at Xingute outlet
	26 30' 22" S 32 48' 50" E
	D

	7
	26/09/01
	North-east Lake Xingute (off-shore)
	26 30' 40" S 32 49' 05" E
	G

	8
	26/09/01
	Island in Lake Xingute
	26 32' 25" S 32 48' 42" E
	D T

	9
	26/09/01
	Central-west shore of Lake Xingute
	26 32' 58" S 32 48' 12" E
	D

	10
	26/09/01
	South-east shore of Lake Xingute
	26 34' 43" S 32 48' 51" E
	D

	11
	27/09/01
	Central-west shore of Lake Maunde
	26 24' 35" S 32 52' 36" E
	D

	12
	27/09/01
	Swamp (northern extension of Lake Nele)
	26 28' 51" S 32 49' 25" E
	D

	13
	27/09/01
	Swamps north of Lake Xingute
	26 29' 13" S 32 49' 05" E
	D T

	14
	27/09/01
	Swamp between main and Xingute camps
	26 28' 47" S 32 45' 01" E
	D

	15
	27/09/01
	Rio Futi at main road bridge
	26 31' 42" S 32 42' 24" E
	D

	16
	28/09/01
	Swamp pool between Xingute and Piti
	26 29' 49" S 32 51' 36" E
	D

	17
	28/09/01
	Forest pool between Xingute and Piti
	26 31' 15" S 32 51' 47" E
	D

	18
	28/09/01
	North-central Lake Piti
	26 32' 57" S 32 52' 41" E
	-

	19
	28/09/01
	Lake Piti outlet
	26 32' 20" S 32 54' 08" E
	D S

	20a
	29/09/01
	Lake Piti camp (central-west) off-shore
	26 33' 46" S 32 51' 51" E
	G

	20b
	29/09/01
	Lake Piti camp (central-west) shore
	26 33' 46" S 32 51' 51" E
	D S

	21
	29/09/01
	South-west bay in Lake Piti
	26 35' 18" S 32 51' 17" E
	D S T

	22
	29/09/01
	South east bay in Lake Piti
	26 37' 17" S 32 53' 15" E
	S D

	23
	29/09/01
	Small bay at constriction in Lake Piti
	26 35' 40" S 32 52' 50" E
	S D

	24
	29/09/01
	Cental east bay in Lake Piti
	26 34' 28" S 32 54' 07" E
	S D

	25
	30/09/01
	South-west bay in Lake Piti
	26 37' 42" S 32 52' 31" E
	S D

	26
	30/09/01
	Central-south Lake Piti
	26 37' 35" S 32 52' 47" E
	-

	27
	30/09/01
	Central-south Lake Piti
	26 36' 38" S 32 53' 06" E
	-

	28
	30/09/01
	Central-south Lake Piti
	26 34' 49" S 32 52' 32" E
	-

	29
	30/09/01
	Lake Maxai - north-east corner
	26 20' 33" S 32 55' 39" E
	S D

	30
	01/10/01
	Lake Maxai - central-east
	26 20' 55" S 32 55' 40" E
	D

	31
	01/10/01
	Lake Maxai - north-center
	26 20' 31" S 32 55' 33" E
	D S

	32
	01/10/01
	Rio Bembe (mangrove channel)
	26 19' 56" S 32 53' 48" E
	D S H T

	33
	01/10/01
	Swamp at road camp near Rio Bembe
	26 20' 26" S 32 53' 57" E
	D H

	34
	01/10/01
	Lake Zunli - northern shore on road
	26 22' 57" S 32 53' 33" E
	D

	35
	01/10/01
	North-most pool of Lake Maunde
	26 24' 04" S 3252' 58" E
	D

	36
	02/10/01
	Swamp east of Lake Nhame
	26 24' 19" S 32 45' 31" E
	D

	37
	02/10/01
	Lake Nhame (east shore)
	26 24' 09" S 32 45' 19" E
	D S T

	38
	02/10/01
	Swamp/pool south east of Lake Nhame
	26 25' 34" S 32 45' 12" E
	D T

	39
	02/10/01
	Swamp/pool south east of Lake Nhame
	26 27' 09" S 32 44' 38" E
	D

	40
	02/10/01
	Rio Futi at footbridge near main camp
	26 29' 58" S 32 42' 52" E
	D S

	41
	03/10/01
	Rio Maputo - 1km down from Salamanga
	26 27' 38" S 32 38' 32" E
	-

	42
	03/10/01
	Rio Maputo near Uampochane
	26 26' 52" S 32 39' 49" E
	DTGF(hl)

	43
	03/10/01
	Rio Maputo down from Uampochane
	26 25' 12" S 32 41' 06" E
	D S T

	44
	03/10/01
	Rio Maputo at Bela Vista (west bank)
	26 20' 37" S 32 40' 50" E
	D S T

	45
	03/10/01
	Rio Maputo at Salamanga bridge
	26 28' 21" S 3238' 55" E
	D T F(gl)


D= D net, T= throw net, G= gill net, S= seine net, H= hand net, F= fisherman (hl= hand line, g= gill net), - = no fish samples only water collected.

Table 4. Habitat and water quality information for sites sampled during the fish survey of the Maputo Special Reserve (21/09/2001 to 06/10/2001).
	Site #

MSR
	Time
	Depth

m
	Area

surveyed

m2
	Secchi

disc cm
	Water colour
	Conductivity

uS

Surface/Bottom
	Substrate

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	1
	16.30
	<1
	<5
	-
	brown
	1407
	mud & rv

	2
	09.00
	<1
	15
	-
	green-brown
	2.7mS
	sand

	3
	11.00
	<1
	30
	-
	green-brown
	2.75mS
	sand & mud

	4
	14.10
	<1
	<5
	-
	brown
	108
	mud

	5
	15.10
	0.5
	15
	-
	green-brown
	2.7mS
	sand

	6
	15.50
	<1
	3
	
	green-brown
	2.78mS
	sand

	7
	08.30
	2.1
	
	
	green-brown
	2.7/2.7mS
	sand

	8
	11.45
	1.5
	10
	45
	green-brown
	2.4/2.7mS
	sand

	9
	14.00
	0.5
	10
	-
	brown
	2.37mS
	mud

	10
	15.00
	0.5
	10
	-
	brown
	832
	mud & rv

	10
	Open water
	-
	160
	brown - clear
	1301/1408
	mud & rv

	11
	08.30
	<1
	15
	clear
	brown
	2.04mS
	mud & rv

	12
	09.50
	<1
	3
	
	brown
	326
	mud & rv

	13
	10.10
	>1
	<5
	
	brown
	3.1mS
	mud

	14
	14.00
	0.5
	<5
	
	brown
	827
	mud

	15
	16.00
	1
	20
	clear
	brown
	963
	sand

	16
	09.50
	0.30
	3
	
	brown
	170
	mud

	17
	10.20
	<0.5
	3
	clear
	brown
	217
	mud

	18
	15.30
	1.3
	
	50
	brown
	579/588
	sand

	19
	16.00
	1.2
	150
	
	brown
	572
	sand

	20a
	08.00
	1.90
	
	55
	brown
	567/575
	sand

	20b
	09.30
	<1
	100
	-
	brown
	-
	sand

	21
	11.30
	1.5
	20
	-
	brown
	704
	mud & sand

	22
	13.30
	1
	150
	clear
	brown
	507
	sand

	23
	14.20
	0.40
	50
	
	brown
	589
	sand

	24
	16.00
	<1
	60
	clear
	brown
	573
	sand

	25
	09.30
	1
	100
	clear
	brown
	475
	sand

	26
	10.15
	2.2
	-
	85
	brown
	489/506
	sand

	27
	10.30
	1.9
	-
	60
	brown
	508/524
	sand

	28
	11
	5.8
	-
	55
	brown
	568/690
	sand

	29
	20.3
	0.30
	100
	clear
	clear
	11.3mS
	sand

	30
	7.3
	1.5
	5
	clear
	clear
	11.38mS
	sand

	31
	8.15
	0.30
	20
	clear
	clear
	11.33mS
	sand

	32
	9
	1
	20
	turbid
	grey brown
	51.0mS
	mud

	33
	11.3
	30
	2
	
	brown
	286
	grass mat

	34
	14
	0.50
	5
	
	brown
	1097
	mud & rv

	35
	14.3
	0.50
	5
	
	brown
	1478
	mud & rv

	36
	9.3
	0.5
	5
	
	brown
	500
	mud

	37
	10.15
	1
	40
	clear
	clear
	4.15mS
	sand & mud

	38
	11.45
	1
	10
	turbid
	grey-green
	843
	mud

	39
	12.3
	<1
	5
	
	brown
	672
	mud

	40
	14.3
	1.5
	10
	clear
	brown
	952
	sand

	41
	8.45
	2.7
	-
	20
	brown
	459/438
	mud

	42
	9
	3
	50
	5
	turbid-brown
	448/473
	mud

	43
	11
	0.60
	80
	5
	turbid-brown
	458/419
	sand

	44
	12.3
	1.5
	30
	5
	turbid-brown
	755/640
	mud

	45
	16.1
	3.5
	50
	45
	grey-brown
	422/414
	mud


5.3. Maputo Special Reserve - Freshwater Fish Checklist
The following is a list of fishes recorded from the Maputo Special Reserve during 21/09/2001 to 6/10/2001. The families are arranged in phylogenetic order. To the far right the English common names for the fish are given. Numbers at the left hand side indicate comments made about the species in the accompanying notes below.

Note
Scientific name

Class, Order & Family
English

ORDER: CLUPEIFORMES


Clupeidae -herrings

1
Gilchristella aestuaria (Gilchrist 1913)
estaurine round herring


ORDER: OSTEOGLOSSIFORMES


Mormyridae - snoutfishes

2
Marcusenius macrolepidotus (Peters 1852)
bulldog


ORDER: CYPRINIFORMES


Cyprinidae - barbs & labeos


3
Barbus paludinosus Peters 1852
straightfin barb

4
Barbus viviparus Weber 1897
bowstripe barb

5
Labeo rosae Steindachner 1894
rednose labeo


ORDER: SILURIFORMES


Schilbeidae - butter catfishes

6
Schilbe intermedius Rüppell 1832
silver catfish


Clariidae - airbreathing catfishes

7
Clarias gariepinus (Burchell 1822)
sharptooth catfish

8
Clarias ngamensis Castelnau 1861
blunttooth catfish


Mochokidae - squeakers & suckermouths

9
Synodontis zambezensis Peters 1852
brown squeaker


ORDER: CYPRINIDONTIFORMES



Cyprinidontidae - topminnows

10
Aplocheilichthys katangae (Boulenger 1912)
striped topminnow

11
Aplocheilichthys myaposae (Boulenger 1908)
Natal topminnow


ORDER: PERCIFORMES


Sparidae - sea breams

12
Rhabdosargus sp.
stumpnose


Cichlidae - cichlids

13
Oreochromis mossambicus (Peters 1852)
Mozambique tilapia

14
Pseudocrenilabrus philander (Weber 1897)
southern mouthbrooder

15
Tilapia rendalli (Boulenger 1896)
redbreast tilapia

16
Tilapia sparrmanii A. Smith 1840
banded tilapia


Mugilidae - mullets


17
Liza melinoptera (Valenciennes 1836)
giantscale mullet

18
Mugil cephalus Linnaeus 1758
flathead mullet

Eleotridae - sleepers

19
Eleotris fusca (Schneider 1801)
dusky sleeper


Gobiidae - gobies

20
Awaous aeneofuscus (Peters 1852)
freshwater goby

21
Croilia mossambica Smith 1955
burrowing goby

22
Glossogobius callidus (Smith 1937)
river goby

23
Mugilogobius mertoni (Weber 1911)
chequered mangrove goby

24
Pandaka silvana (Barnard 1943)
African dwarf goby

25
Periophthalmus argentilineatus Valenciennes 1837
bigfin mudskipper

26
Redigobius dewaali (Weber 1897)
checked goby

27
Silhouettea sibayi Farquharson 1970
Sibayi goby

28
Yongeichthys nebulosus (Forsskål 1775)
shadow goby

5.4. Notes on species
(Pictures of all species are provided on an accompanying CD-Rom)

1. Gilchristella aestuaria (estuarine round herring). Widespread and common in open waters of Lake Piti and also collected in Lake Maunde although we only sampled the vegetated margins of this lake. A southern African endemic previously the northern most records were from Kosi Bay (Smith & Heemstra 1995, Whitfield 1998, Skelton 2000). It was not collected from Lake Poelela (Hill et al. 1974) and so the MSR may represent the northern limit for the species. There is currently a genetics programme examining clupeid phylogenies in Konstanz University, Germany and MSR samples togther with specimens from Namibia and South Africa have been sent for analysis. This project should indicate if there is regional genetic variation (different stocks) within the species.

2. Marcusenius macrolepidotus (bulldog). Two specimens were collected during the day by throw net in the main channel of the Rio Maputo near Uampochane. The habitat was open water near the bank and the water was turbid (secchi disk reading = 5cm).  Presently recognised as a single widespread southern and central African species. Probably more than one species within the central African region. Within the MSR it is probably confined to the Rio Maputo main channel and associated lagoons.

3. Barbus paludinosus (straightfin barb). Collected at 10 sites in the MSR and comprised on average 22% of catches. Present in Lakes Xingute, Piti and Nhame and an isolated pool close to Nhame. A common and widespread southern and central African barb characterised by a strong serrated dorsal spine, 30-36 lateral line scales, two pairs of barbels, body colour olive to silver with no prominent markings. It is tolerant of a wide variety of environmental conditions.

4. Barbus viviparus (bowstripe barb). Present in Lakes Xingute and Piti (four sites) where it was occasionally collected (0.9-4.5% of species composition). Two pairs of long barbels, a line or interrupted dashes along body and lateral line tubules pigmented identify this species. Males are smaller than females and those in breeding condition turn a rusty-bronze colour which is more pronounced on the caudal peduncle region and base of the caudal fin (see picture). It was described from near Durban, South Africa and extends north to the Tanzania-Mozambique border (Ruvuma River) and has a  lowveld distribution.

5. Labeo rosae (rednose labeo). Collected at a single site (42) in the Rio Maputo using a day set gill net and seen in a fisherman’s catch at Salamanga. All specimens were mature adults. This species is widespread and common in the lowveld reaches of the Phongolo, Incomati and Limpopo rivers. It is an active swimmer, is regularly caught in gill nets and is a major component of subsistence fisheries. The illustration shows the characteristic and well developed red tubercles on the snout. These samples probably represent the northern most collections for the Phongolo system.

6. Schilbe intermedius (silver catfish). Taken from a fisherman’s gill net on the Rio Maputo at Salamanga. The net was 90mm stretched mesh, monofilament and set in the center of the channel during the day. The water was very turbid (secchi disc readings were less than 10cm) and the tide was going out. The catch was dominated by S. intermedius (estimated 40 fish) with one L. rosae and one S. zambezensis. Not present in any collections within the MSR so is probably restricted to riverine habitats ie. the main channel and large lagoons with direct links to the Rio Maputo. This species is widespread and common throughout southern and central Africa. It is a major component of many subsistence fisheries.

7. Clarias gariepinus (sharptooth catfish or barbel). Collected alive at only three sites, however, dead specimens  or parts of fish and live sightings (some could also be heard feeding in swamps) indicated their presence at 20 sites. Clarias gariepinus is the most widespread African freshwater fish species with its southern distribution limit being in the Orange River, South Africa. It is an extremely hardy species that is tolerant of widely varying environmental conditions such as high turbidity and dessication. It is capable of air-breathing and travelling overland. It is not tolerant of saline conditions and was reported to us as being absent from the saline Lake Maxai and although present in Lake Piti fishermen stated that C. gariepinus they often died in large numbers at certain times. Specimens collected in Lake Xingute were most frequently feeding on Oreochromis mossambicus which was the most abundant fish in open water habitats. The largest specimen collected was 880mm SL and in Lake Xingute at one site they comprised 22% of the fish sampled. An important commercial species in subsistence fisheries. Seen on drying racks at Lake Piti.

8. Clarias ngamensis (blunttooth catfish or barbel). A single specimen (340mm SL) was caught in an overnight set gill net in Lake Xingute (site 7). This species is typically found in large river floodplain habitats and is probably more abundant in the swamps and lagoons closer to the Rio Maputo. This species is distributed from northern Natal north into central Africa. It is easily identified by it’s semicircular vomerine tooth plate which is covered with large blunt teeth. The teeth enable it to crush molluscs which are a major component of it’s diet.

9. Synodontis zambezensis (Zambezi squeaker). Common in the Rio Maputo. Collected at three sites between Salamanga and Bela Vista using throw, seine and gill nests. The habitat was soft mud substrates and the river was tidal. The lowest site sampled at Bela Vista, approximately 10km from the mouth, only produced S. zambezensis. Specimens from Bela Vista appeared either in poor condition or had high parasitic loads. All specimens were heavily spotted compared to those of the Limpopo River in South Africa which have very faint to no spots.

10. Aplocheilichthys katangae (striped topminnow). A short, deep bodied topminnow with a characteristic zigzag band along the body. Widespread in southern and central Africa and abundant in suitable habitats which are well vegetated margins of rivers. One of the commonest species in the MSR being collected at 16 sites and comprising 60% of the fish at one site. Present in lakes Xingute, Piti and Nhame and the Rio Futi.

11. Aplocheilichthys myaposae (Natal topminnow). Only collected in Lake Piti where it was widespread and common in our collections. Despite this we did not sample ideal habitat for this species which are well vegetated streams and lake margins. Its body form is intermediate between A. katangae and A. johnstoni. Colouration of fins with anal, dorsal and caudal fins being sooty and with the caudal being edged with yellow are characteristic (see picture). This is the only primary freshwater fish endemic to the Maputaland region. Its previously known distribution extended from Kosi Bay south to near Richards Bay in South Africa. The Lake Piti records are a northern extension of this species’ range and the MSR may be the northen limit.

12. Rhabdosargus sp. (stumpnose). A single juvenile (11mm SL) was collected in the Rio Bembe (site 32). Tentatively identified, on the basis of distinctive body colour patterns, as Rhabdosargus globiceps (Cuvier 1830) (White stumpnose) by Nadine Strydom (a larval fish expert at the JLBSI). This species is a southern African endemic and is reported as rare in the warmer estuaries of Natal (Whitfield 1998). Consequently, if correctly identified this record represents a significant range extension and one outside the species normal cool-water environment. Further samples and confirmation of identity are required. The habitat was a mangrove channel at low tide (no flow). The specimen was collected using a D-shaped hand net thrown out from the shore into approximately 80cm depth and pulled back into the shore. The substrate was fine mud and the water was turbid.

13. Oreochromis mossambicus (Mozambique tilapia). A euryhaline and eurythermal species which occurs from the Zambezi River south to near the Bushmans River in South Africa (Whitfield 1998). It dominates the MSR fish fauna being collected at 18 sites and certainly present at others. It averaged 25% of  the catch composition at sites (range1-100%) and was abundant in Lakes Piti, Xingute, Maxai and Nhame. Conductivities in these lakes varied from 475µS to 11.4mS. The specimens at Lake Xingute were extremely thin and looked starved while those at Lake Nhame were mature at 11cm (see picture). Oreochromis mossambicus has a broad diet but usually feeds on microscopic algae and bacteria which it ingest from the surface sediments (iliophagous) (Bowen 1979). In Lake Sibaya juvenile O. mossambicus were found to have good growth and condition and fed on the warm shallow terraces of the lake shore. In contrast adults, which moved into deeper water as they grew were stunted in size and in poor condition. Bowen investigated the problem and found that although feeding behaviour and food of adults and juveniles were similar decreasing protein levels with water depth was correlated with poor adult growth. It is thus probable that small adult size in Lake Nhame and poor condition in Lake Xingute is associated with nutritional constraints in adults.

14. Pseudocrenilabrus philander (southern mouthbrooder). Widespread and common in most lakes and streams where freshwater fishes were collected in the MSR (present at 22 sites). Probably also present in the Rio Maputo and associated water bodies although not collected there. Although occurring throughout southern and central Africa this species exhibits regional variation in morphology, behaviour, genetics and colour patterns (Twentyman-Jones et al. 1997). The colour patterns found in the MSR are predictably most similar to those of Kosi Bay. However, MSR specimens do show some differences from the patterns described by Twentyman-Jones et al. (1997) for Kosi Bay individuals in that males in full breeding colouration have: bright orange gular regions; scale centers are yellow-brown but scale edges are turquoise-green which gives a checkered appearance; the lower body is turquoise posteriorly and grades into yellow-green anteriorly extending to the lower jaw; and there is noticeable flecking on the anterior anal fin. Consequently, the individuals in the MSR region may be genetically distinct from other regions. We have made limited genetic collections which may allow us to test this in the future if projects examining this species are conducted.

15. Tilapia sparrmanii (banded tilapia). Frequent to common in most of the lakes within the MSR except Lake Maxai which was brackish. Most abundant in Lake Nhame where there were extensive beds of Chara sp. and Potamogeton pectinatus. This species is distributed throughout southern and central Africa but is absent from the central Mozambique coastal region presumably because of it’s intolerance of high temperatures. Consequently, the MSR populations are probably close to the northern limit on the Mozambique coast.

16. Tilapia rendalli (redbreast tilapia). Two juvenile specimens were collected during the October expedition. The species is widespread and common in southern and central Africa (Skelton 2000). It’s rarity within the MSR is surprising and may be due to combined harsh environmental conditions (high and variable salinities) with poor food resources (few weed beds).

17. Liza melinoptera (giantscale mullet). Identification based on: adipose eyelids feeble, scales without a membranous edge, maxilla exposed when mouth closed, anal fin rays 9 and lateral scale count 26-27. Rarely collected in southern Africa. The species appeared to be abundant in the Rio Bembe (MSR 32) which was a small mangrove channel in the north of the MSR. Five specimens were collected using a throw net from the waters edge at low tide. The water depth was approximately 80cm, the substrate fine mud and the water was turbid (secchi disc reading less than 10cm).

18. Mugil cephalus (flathead mullet). A widespread species from both west and eastern coasts of Africa. Tolerant of freshwaters. A single specimen was collected in the Rio Maputo approximately halfway between Bela Vista and Salamanga (MSR 43). The habitat was a sand bank/ island in the middle of the river channel, water was running fast over a sand substrate. Others could be seen jumping at the surface.

19. Eleotris fusca (dusky sleeper). Two juveniles collected at the outflow from Lake Piti amongst roots stock of emergent plants near the channel bank. A widespread tropical Indo-western Pacific species (Hoese 1986). It is probably more abundant in Lake Piti than indicated by our collections as it is a cryptic, benthic species.

20. Awaous aeneofuscus (freshwater goby). Collected at three sites, all were clean sand substrates without macrophytes and all in Lake Piti. Eight specimens were collected, both juveniles and adults (19.0-65.8mm SL). At site 25 several adults were seen running ahead of the seine net’s bottom line and burrowing into the substrate and thus avoiding capture. Consequently they may be more common in Lake Piti than indicated by our collections. Although a relatively wide east African coastal  distribution (Tanzania to Algoa Bay, South Africa) (Skelton 2000) very little is known about the biology of this species.

21. Croilia mossambica (naked goby). Only collected in Lake Piti where it was present at three sites. A total of 16 specimens were collected using seine and D-nets. As this species usually takes refuge in burrows in the substrate when disturbed (Blaber & Whitfield 1977) and so the collection of so many specimens would seem to indicate the species is common in Piti. The best collection method seems to be placing a tin and plastic bag over the refuge hole entrance and disturbing the substrate (Blaber & Whitfield 1977). There is considerable sexual dichromatism with males exhibiting a darker less patterned dorsal fin, vertical red bars on the body and a barred lower caudal fin. Females have a no bars on the body and the lower lobe of the caudal fin bears a single longitudinal line (see pictures).

22. Glossogobius callidus (river goby). Collected in Lakes Piti and Zunli where it was frequently encountered. As with the other gobies and benthic species it is probably more common than collections indicate as they actively evade nets by diving into substrates and bottom lines of seines probably ride over many specimens. Glossogobius callidus has not been previously recorded from Maputaland but a close relative G. giuris was collected at Lake Sibaya (Bruton 1980)and recorded by Tello (1973) and Boane (1995) from the MSR. It is probable that both species are present in the region. A characteristic double spot on the caudal base plus a scaleless predorsal region distinguishes G. callidus from G. giuris (Hamilton-Buchanan 1822).

23. Mugilogobius mertoni (chequered mangrove goby). Widespread and common in Lakes Xingute and Maxai and present in Lake Zunli. The dominant species in Lake Maxai which was noticeably brackish and abundant in Lake Xingute which also had elevated conductivity (Table 3). Synonomised by Dr Helen Larson (pers. comm) with M. durbanensis and M. inhacae (Smith 1959). Widespread along the east African coast with records from Inhaca (Smith 1959), False Bay, Lake Sibaya (Bruton 1980) and the lower Zambezi delta (Bills 2000). Possibly confused with Redigobius dewaali, however, the two can be distinguished on the basis of live and preserved colouration, colour patterns and overall body form (see pictures). Outside the Maputaland/Mozambique coastal region the species has a widespread western Indian Ocean distribution.

24. Pandaka silvana (African dwarf goby). Collected in the Rio Bembe (32) - a small (30cm wide, less than 10cm depth) mangrove side channel near the southern limit of the mangroves in the north-east of the MSR. Collected by placing a hand net completely across the channel and then walking down towards the net. A single collection resulted in 14 specimens so it would appear to be abundant. Maximum size of specimens collected was 1.5cm.

25. Periophthalmus argentilineatus (bigfin mudskipper). Identified on the basis of the absence of a pelvic frenum and the absence of a membrane joining the fifth pelvic rays (pers. comm. Dr Helen Larson). Abundant on mud flats at the edges of mangrove channels on mud. Spends considerable time out of water and evades capture by hopping over the mud by the use of the pectoral fins which are supported by fleshy, muscular base. Takes refuge in holes. Juveniles and small adults collected together (17.5-65.2mm SL).

26. Redigobius dewaali (checked goby). Collected only in Lake Piti (at three sites). At one site near the southern end of the lake it was common, forming 14% of the catch. Several gravid females were collected which had golden yellow abdomens (see pictures). The species occurs in estuaries and coastal lakes from around the Limpopo mouth, Mozambique south to the eastern Cape, South Africa. Although reported from a wide range of salinities (Whitfield 1998) it was only present in Lake Piti which was presently freshwater. In the more saline Lakes Xingute, Maxai and Maunde the goby M. mertoni was present.

27. Silhouettea sibayi (Sibayi goby). Two specimens were collected from two sites in Lake Piti. This species was previously known only from Lake Sibaya and Kosi Bay. Apparently this species buries itself in sandy substrates. The elongated dorsal rays of males may be used in attracting prey. Little is known about this species which is rare. It is considered threatened on account of its small distributional range coupled with the potential threats on those systems. Probably more common in Lake Piti than our sampling has indicated as they may well dive into sand to avoid predators. Lake Piti represents a major range extension for this species and probably provides considerable amounts of suitable habitat.

28.  Yongeichthys nebulosus (shadow goby). Abundant in the Rio Bembe mangroves. Specimens were collected at the waters edge with hand nets. A territorial species which was seen fighting with neighbours along the channel edge at low tide. A widespread Indo-Pacific distribution.

4.5. The freshwater fish fauna of the Maputo Special Reserve
The checklist of fishes collected during the September-October 2001 expedition to the MSR is given in section 4.3 above and notes on these species are given in section 4.4. Photographs of all species collected are provided on a CD-Rom with this report and details of these are given in Appendix 9.3. Fish collection data have been summarised in Table 5 (species, minimum and maximum sizes, the number of sites species were collected at, our estimates of abundance, salinity and habitat preferences based on our observations in the MSR). The full details of the fish collections are in Appendix 9.4. Species collected in each lake or stream are given in Table 6. and similarity indices between these different water bodies are given in Table 7.

Twenty eight species were collected in the MSR lakes and streams during September-October 2001. In general the lakes and streams within the reserve are dominated by the two cichlids O. mossambicus and P. philander and the catfish C. gariepinus. Other common species were the cyprinid B. paludinosus, the cyprinodont A. katangae and the goby M. mertoni (Table 5). Several things are clear from field observations and a comparison similarity indices (Tables 6 & 7.) of the collections made at the different lakes, channels and swamps.

1. Swamps. Many of the small swamps and pools harbour no fish. It is probable that many of these were dry until recently and having no connections to larger waters containing fish have no means of being populated by fish in the short term. Some swamps were connected to larger bodies such as the northern end of Lake Nela and the northen outflow swamp of Lake Xingute. These either had no or few fish present probably because of low oxygen levels. The water in these swamps was dark brown in colour, had considerable suspended solids present and there was a continuous smell of hydrogen sulphide.

2. Rio Bembe channel. A single mangrove channel was sampled almost at the upper reaches of the catchment. It was saline and comprised a completely different fish community to all other sites. Whilst the sites was poorly sampled more extensive sampling would be expected to reveal further estuarine and marine species. This habitat type is extensive within the reserve and should be sampled more in the future. It is a particularly valuable nursery grounds for many of the near-shore marine species of the region and is probably one of the few mangrove areas in the region that is protected.

3. Rio Maputo. This was not sampled comprehensively (three sites in one day). However, the common fishes collected were predominantly riverine species which are rarely present in the lakes and swamps of the MSR. This is a trend seen in southern Maputaland in South Africa. More extensive sampling would be expected to reveal more riverine and estuarine species tolerant of low salinities.

4. Rio Futi, Lake Nhame and lakes within the MSR. The Rio Futi appears to be depauperate with only 14 fish and two species collected at two sites. Conductivity was high and the large pools were partly covered with papyrus and floating vegetation which may deoxygenate the water (see comments below). Lake Nhame is within the Futi “corridor” and yet is a large shallow lake with clear water and substantial weed beds. It was dominated by the two cichlids, O. mossambicus and T. sparrmanii and the topminnow A. katangae.

5. Lake Piti. Lake Piti has the highest diversity of fishes in all the lakes and streams within the MSR. It is unlikely we have collected all species present and during opening phases the fauna will be added to by estuarine (marine breeding) species such as Mugilidae and various perciforms. A large proportion of the fauna is comprised of estuarine (freshwater breeding) species which are mostly different from those of other MSR lakes: five gobies, one eleotrid and one clupeid. One of the gobies, Silhouettea sibayi, and the clupeid Gilchristella aestuaria, are new records and a northerly range extensions from Kosi Bay. Mugilogobius mertoni, a dominant species in most of the other lakes was absent. The one freshwater Maputaland endemic, Aplocheilichthys myaposae, was abundant in the lake but was only found in Lake Piti..

6. Lake Xingute. This lake was saline and relatively depauperate in fishes. It was similar in its fauna to the Rio Futi and Lakes Nhame and Maunde. It was dominated by O. mossambicus, P. philander, C. gariepinus and the M. mertoni. Lake Xingute was the only site where the blunttooth catfish (C. ngamensis) was collected. This species is a typical floodplain species and would be more likely expected in the pools and channels in the Rio Maputo floodplain. The outflow swamps were less diverse with gobies being absent probably due to low oxygen levels.

New records for the MSR Thirteen new fishes were recorded from the waters of the MSR and can be added to those recorded by Tello (1973).

Marcusenius macrolepidotus

Clarias ngamensis


Rhabdosargus sp.

Croilia mossambica


Glossogobius callidus


Mugilogobius mertoni

Redigobius dewaali


Periophthalmus argentilineatus
Pandaka silvana

Yongeichthys nebulosus

Silhouettea sibayi


Eleotris fusca

Liza melinoptera
This brings the total number of fishes collected in fresh and brackish waters of the MSR to 43. This is certainly not complete as our own survey did not concentrate on the main area of diversity, the Rio Maputo, but on the relatively depauperate lakes in the center and east of the MSR. The JLB Smith Institute fish collections (RUSI) for the Phongolo River, South Africa have 54 fishes recorded (Appendix 9.5). The Institute collections also show that the marine inshore region is diverse with over 140 species (Appendix 9.6). Unpublished fish records for the MSR have been received from Dr Tim Andrew (Rhodes University, Grahamstown) who collected briefly in Lake Piti’s lower outflow channel during an open phase in 1999. He collected Acanthopagrus berda, Caesio xanthonota, Hyporhamphus capensis, Pomadasys commersoni, Pomadasys furcatum, Rhabdosargus holubi and Tylosurus crocodilus crocodilus (Appendix 9.6).

Uniqueness of the fish fauna. The two components of the MSR ichthyofauna are the freshwater and the estuarine (freshwater breeding) species. The freshwater fishes are mostly widespread within the southern African region with a few confined to the lowveld regions of the Mozambique coastal plains. Of the two Maputaland near endemics B. viviparus was widespread but not abundant in the lakes of the MSR and A. myaposae was abundant but only present in Lake Piti. Genetic distinctiveness of the MSR populations will require detailed taxonomic studies and genetic analysis. Genetic samples have been collected for most of the fishes and the one clupeid (G. aestuaria) has been sent to Germany for analysis. The unique elements of the estuarine fauna are mainly in the family Gobiidae. The central MSR lakes are dominated by M. mertoni which is widespread in the western Indian Ocean. In Lake Piti the Maputaland endemics C. mossambica, R. dewaali and S. sibayi are present. These lakes represent substantial areas of habitat for all these species which in other parts of their ranges are threatened by sedimentation of estuaries and other impacts associated with human developments (Skelton 2001). 

Notable species absences. Species recorded from the southern Maputaland region but not collected in the MSR lakes were: C. theodorae, several cyprinids B. toppini, B. unitaeniatus, B. trimaculatus, B. radiatus, B. afrohamiltoni, the cichlids Oreochromis placidus and Serranochromis meridianus, the anabantids Ctenopoma multispine and Microctenopoma intermedium. It is possible that several factors combined are responsible for the either absence or rarity of some freshwater fishes that occur in the broader region. Factors may include:

· rare connections with other more diverse water bodies such as the Rio Maputo or the sea;

· low habitat complexity, many lakes have few and sparse weed beds possibly due to wind action, thus there is little protection as nursery areas;

· the presence of a large predator, C. gariepinus, in all lakes except Maxai;

· the salt concentrations in some of the lakes, e.g. Xingute and Maxai, are probably to high for many of the primary freshwater fishes, particularly Cyprinidae; and

· oxygen levels in many swamps which could act as corridors for fish dispersal are very low and species may enter these and be killed or could avoid them completely and not disperse through them.

Further studies on the long term community structures coupled with varying limnological factors in the different lakes could help identify the major factors in varying fish distributions within the MSR.

Table 5. A summary of fishes collected during the September-October, 2001 expedition to the Maputo Special Reserve.
Number of sites - collections were made at 45 sites, 4 of these were water samples only, fish were present at 31sites. The number of sites a species was collected at is given as a number and as a % of sites where fish were present (31). 

% community composition - these were calculated for each species for each site where it was collected.

Estimate of abundance - R = rare, F = frequent, C = abundant. This is my opinion taken from the sample data, my knowledge of sampling techniques and fishermen’s catches (not included in the data in the table). Where a species was recorded from only one water body this is indicated in brackets e.g. RMap = Rio Maputo.

Preferred habitats - R = main river channel, Lm = Lake margins, Lo = Lake - open waters, Ls - swamps associated with larger lakes, Is+p = Isolated water bodies - swamps or pools, S = small streams

V = associated with vegetation, O = open water, S = associated with the substrate

Salinity preference - FW = freshwater (<1‰), E = estuarine (varying salinities between 1-25‰), M = marine (>25‰).
	Species collected
	Size

(mm SL)

(min-max)

	No. of sites

collected

(% of 41)
	% composition
	Abundance
	Salinity
	Preferred habitats

	
	
	
	mean
	min-max
	
	
	

	Marcusenius macrolepidotus
	135-140
	1 (2.4)
	50
	50
	R (RMap)
	FW
	Rf

	Gilchristella aestuaria
	23.2-35.7
	7 (17.1)
	22.2
	2.3-80.9
	C (Piti)
	FW / E
	Lo

	Barbus paludinosus
	8.0-81.0
	10 (24.4)
	22.1
	0.7-81.3
	C
	FW
	Lm Lo

	Barbus viviparus
	20.4-41.6
	4 (9.8)
	3
	0.9-4.5
	F
	FW
	Lm

	Labeo rosae
	156-200
	1 (2.4)
	67
	-
	F (RMap)
	FW
	Rf

	Clarias gariepinus
	143-880
	3 (7.3)
	14.1
	0.7-21.6
	F
	FW
	Lo

	Clarias ngamensis
	340
	1 (2.4)
	-
	2
	R (Xing)
	FW
	Lo

	Synodontis zambezensis
	62.0-92.5
	2 (4.9)
	75
	50-100
	F
	FW
	Rf

	Schilbe intermedius
	270
	1 (2.4)
	-
	-
	C (RMap)
	FW
	Rf

	Aplocheilichthys katangae
	9.3-34.0
	16 (39)
	17.1
	0.9-68.1
	C
	FW
	Lm Ls S

	Aplocheilichthys myaposae
	13.8-38.8
	7 (17.1)
	30.2
	0.9-59.6
	C (Piti)
	FW
	Lm

	Rhabdosargus sp.
	11
	1 (2.4)
	3
	-
	R (Mang)
	E
	Re

	Oreochromis mossambicus
	19.5-235.0
	18 (43.9)
	25.9
	1.1-100
	C
	FW / E
	Lo Lm

	Pseudocrenilabrus philander
	7.8-70.7
	22 (53.7)
	34.7
	2.7-100
	C
	FW
	Lm Ls S

	Tilapia sparrmanii
	17.3-105.0
	8 (19.5)
	15.2
	3.6-50.0
	C
	FW
	Lm

	Tilapia rendalli
	30.0-30.4
	2 (4.9)
	1.3
	1.1-1.5
	R (Piti)
	FW
	Lm

	Awaous aeneofuscus
	19.0-65.8
	3 (7.3)
	2
	1.1-3.5
	R (Piti)
	FW/E
	Lm

	Croilia mossambica
	28.8-45.2
	3 (7.3)
	4.7
	2.8-6.2
	F (Piti)
	FW/E
	Lm

	Glossogobius callidus
	27.3-54.9
	3 (7.3)
	17.1
	11-28.6
	F
	FW/E
	Lm

	Mugilogobius mertoni
	10.6-37.2
	10 (24.4)
	45.4
	2.8-100
	C
	FW/E
	Lm

	Redigobius dewaali
	16.4-32.5
	3 (7.3)
	6
	0.5-14.4
	F (Piti)
	FW / E
	Lm

	Pandaka silvana
	14.0-15.7
	1 (2.4)
	-
	48.3
	C (Mang)
	E
	Re

	Periophthalmus argentilineatus
	17.5-65.2
	1 (2.4)
	-
	17.2
	C (Mang)
	E
	Re

	Yongeichthys nebulosus
	37.0-100.0
	1 (2.4)
	-
	13.8
	C (Mang)
	E
	Re

	Silhouettea sibayi
	23.6-24.7
	2 (4.9)
	1.3
	1.1-1.5
	R (Piti)
	FW / E
	Lm

	Eleotris fusca
	26.7-27.5
	1 (2.4)
	-
	2.3
	R (Piti)
	FW / E
	Lm

	Liza melinoptera
	36-144
	1 (2.4)
	-
	20.7
	C (Mang)
	FW / E
	Re

	Mugil cephalus
	120.1
	1 (2.4)
	-
	100
	F (RMap)
	FW / E
	Rf


Table 6. Species collected in each lake or river region (number of sites sampled in brackets) in the Maputo Special Reserve during the September-October, 2001 expedition.
	Isolated swamps & pools (8)
	Lake Xingute (8)
	Lake Piti (11)

	Pseudocrenilabrus philander
	Aplocheilichthys katangae
	Aplocheilichthys katangae

	
	Barbus paludinosus
	Aplocheilichthys myaposae

	Lakes Maunde & Zunli (3)
	Clarias gariepinus
	Awaous aeneofuscus

	Barbus paludinosus
	Clarias ngamensis
	Barbus paludinosus

	Gilchristella aestuaria
	Mugilogobius mertoni
	Barbus viviparus

	Glossogobius callidus
	Oreochromis mossambicus
	Clarias gariepinus

	Mugilogobius mertoni
	Pseudocrenilabrus philander
	Croilia mossambica

	Oreochromis mossambicus
	Tilapia sparrmanii
	Eleotris fusca

	Pseudocrenilabrus philander
	
	Gilchristella aestuaria

	Tilapia sparrmanii
	
	Glossogobius callidus

	
	Rio Bembe (mangroves) (1)
	Oreochromis mossambicus

	Rio Maputo (3)
	Liza melinoptera
	Pseudocrenilabrus philander

	Clarias gariepinus
	Pandaka silvana
	Redigobius dewaali

	Labeo rosae
	Periophthalmus argentilineatus
	Silhouettea sibayi

	Marcusenius macrolepidotus
	Rhabdosargus sp.
	Tilapia rendalli

	Mugil cephalus
	Youngeichthys nebulosus
	Tilapia sparrmanii

	Oreochromis mossambicus
	
	

	Schilbe intermedius
	Rio Futi & Lake Nhame (6)
	Lake Maxai (3)

	Synodontis zambezensis
	Aplocheilichthys katangae
	Mugilogobius mertoni

	
	Barbus paludinosus
	Oreochromis mossambicus

	
	Oreochromis mossambicus 
	

	
	Pseudocrenilabrus philander
	

	
	Tilapia sparrmanii
	

	
	
	


Table 7. The indexes of similarity between the swamps, rivers and lakes of the Maputo Special Reserve based on collections during September and October 2001.

	
	Swamps
	Lake

Xingute
	L. Maunde

/L. Zunli
	Lake

Piti
	R. Futi

/L. Nhame
	Lake

Maxai
	Rio

Bembe
	Rio

Maputo

	Swamps
	-
	
	
	
	
	
	
	

	Lake Xingute
	0.13
	-
	
	
	
	
	
	

	L. Maunde/Zunli
	0.14
	0.5
	-
	
	
	
	
	

	Lake Piti
	0.06
	0.33
	0.35
	-
	
	
	
	

	R. Futi/L. Nhame
	0.2
	0.63
	0.5
	0.31
	-
	
	
	

	Lake Maxai
	0
	0.25
	0.29
	0.1
	0.17
	-
	
	

	Rio Bembe
	0
	0
	0
	0
	0
	0
	-
	

	Rio Maputo
	0
	0.15
	0.08
	0.1
	0.09
	0.13
	0
	-


4.6. Local fishing methods
There are few people living within the borders of the MSR and consequently little fishing was observed. At the Rio Futi footbridge near main camp one of the game scouts was operating a valved basket trap in a fence. It was not operational when we visited the site and the scout could not be located to talk to during the three days we were at main camp.

On Lake Xingute one gill net was seen at the southern end. It was approximately 100m long, 2m deep and was 90-100mm stretch mesh mono-filament netting. We carefully examined the first 10m of the net and observed five large adult Oreochromis mossambicus. Additional nets were found on the banks of Lake Xingute on a raft at site MSR 9. No fishermen were seen.

On Lake Piti five active fishing camps with several fishermen at each were observed. All were operating fleets of gill nets. One net was estimated by us to be 1km in length. Mesh sizes and depths appeared to be the same as that observed at Lake Xingute. The fish caught by Lake Piti fishermen (dominated by O. mossambicus  and C. gariepinus) were split and sundried. Large numbers over one hundred fish were seen at the one camp we visited. These were from one nights catch and they are clearly a commercial operation. We did not determine where these fish are going but presumably larger markets like Bela Vista or Maputo.

On the Rio Maputo main channel at Salamanga and downstream towards Bela Vista we observed three fishermen fishing with hook and line. At least one of these and possibly all of them had also set gill nets in the channel. The main catch in the one gill net (day set) at Salamanga was the catfish Schilbe intermedius and the majority of this catch was bartered. The fishermen along the Rio Maputo all appeared to be subsistence fishermen.

On the edge of the reserve we observed women fishing with thrust baskets near Bela Vista. The area fished was a isolated lagoon in the Rio Maputo floodplain. Fish observed caught were Clarias gariepinus and Oreochromis mossambicus. 

5. 
CONCERNS
5.1 Rio Futi - fish and conductivity
Unexpectedly we caught very few fish at the two sites we sampled at on the Rio Futi (sites 15 & 40). Also the electric-fisher was not effective which I assumed was due to high water conductivity. The water was running but brown stained and it was also the only site where there were substantial “stands’ of Cyperus papyrus and the aquatic fern Azolla fuliculoides (an exotic). I suspected that the lack of fish may be associated with the presence of C. papyrus or floating vegetation in general which caused deoxygenation. I have observed fish kills in the Okavango in areas of dense C. papyrus (Bills 1996). I contacted  Dr Peter Ashton (Water Resources and Water Quality Specialist) at the CSIR - Environmentek and his comments are below.

“Regarding changes in the electrical conductivity of water flowing under Papyrus mats.  Yes, it does occur, with rises of up to 25% recorded in Lake Naivasha, Kenya, for example. What usually happens is that in the reducing conditions beneath the dense papyrus mats, there is a fairly high rate of decomposition of plant debris. Naturally, this plant material also contains a variety of inorganic salts that inevitably "solubilize" and appear in the water too. If there is any significant organic-rich soil under the mats, the reducing conditions also play a role in helping to mobilize salts from these sediments, provided that the concentration of soluble salts in these sediments is higher than that of the overlying water. If these sediments consist of old marine sand deposits (such as those of many southern African coastal lakes), there may be significant quantities of "available salts" present in the interstitial water, and often this is of marine origin too.

In the Guma Lagoon example, I agree with your analysis: the salts are very probably derived from burnt papyrus or papyrus that has died off for some other reason and been "grown over" by the living material, or decomposing "cut" material near channels. Very few of the dissolved salts would 'move' until some form of "flushing system" (e.g. incoming flood waters) begins to transport / move water from beneath these mats. Given the high levels of organic material present here, there is also almost always a dramatic increase in oxygen demand linked to the water beneath the mats. Brown-stained water is a fairly good indicator that there are significant quantities of dissolved and suspended humic and fulvic acids present in the water and these would of course be derived from decomposing plant material. However, these weak acids would also tend to lower the pH to between approximately 5.5 and 6.8 - did you notice anything like that? These humic and fulvic compounds also help to chelate (bind) inorganic metal cations making them "bioavailable" to a range of organisms. These "salts", if present in quantity, can influence membrane transport processes in aquatic organisms (e.g. oxygen exchange in gills) and, in severe cases, cause metal toxicity.  I know of no significant "metal" deposits in the region you worked in, but if there are any form of small local industry nearby, this may have been a contributing factor.”

Dr Peter Ashton 1st November, 2001

5.2. Low species and endemicity
The low numbers of species of freshwater fishes and low endemicity may be seen by some as indicating the region is of low value for conservation. This is not the case. The region is in the center of a major biological subtraction zone with tropical species being lost from north to south and freshwater species being lost as one travels away from the main Rio Maputo to the eastern coastal lakes. The Maputo Special Reserve comprises the greatest range of water bodies, with varying hydrological regimes, within the southern Mozambique coastal plain/Maputaland region. Consequently, it is a region of considerable biological interest. Long term studies of fish communities coupled with limnological surveys could provide valuable insights into fish dispersal routes and mechanisms within the coastal plains.

Whilst the fishes are relatively depauperate this is probably not the case for other aquatic organisms which are probably more mobile than fish. There is therefore a need for a baseline taxonomic study of aquatic invertebrates. We did make collections of invertebrates which were sent to the Albany Museum (Grahamstown) for identification. However, it is unlikely these will be identified rapidly as there is a large backlog of work there.

5.3. Exploitation of the MSR fisheries
There are several potential problems associated with fisheries in protected areas and in the MSR in particular. How these are dealt with partly depends upon how the MSR is to be managed.

Rural or indigenous fisheries often conflict with tourist operations. Some examples are as follows.

· Litter, mainly comprising old gill nets associated fishing equipment and fish debris, are frequently left on sand beaches. These areas are ideal for cleaning nets but they are also sought out by tourists for recreation.

· Tourist anglers who can pay considerable sums to travel to and obtain permits to fish are not impressed when they catch few fish but see local people setting large amounts of mono-filament gill netting in the same fishing areas.

· People living in protected areas frequently exploit resources other than those which they have permission for such as firewood, medicinal and food plants, game animals for food and skins.

Possible over-fishing. Another concern is that there is presently no monitoring of catches, numbers of fishermen or any form of regulation of the fishery on Lake Piti. Where some fishermen are using highly efficient mono-filament gill nets of up to 1km long it is obvious that there is the potential to overfish the fish resources.

Boane (1995) briefly commented on fishing methods and catches of the region (which included areas south of the MSR). He considered overfishing in the region, as a result of increasing populations due to developments, as a highly probable impact and stated this had already happened in Lake Sugi. He suggested an assessment of the fishery be conducted, a recommendation with which I concur. An assessment of the importance of fishing to local communities (frame and catch assessment surveys) at present would be a first step in the long-term management of the Lubombo TFCA fishery resources. It is probably best for the local fisheries department to conduct these surveys as fishermen were clearly reluctant to respond to our questions.

Some options for the fisheries operations in the MSR as follows.

· One is that no fishing be allowed and that access into the reserve is limited. This would be a simple and relatively easy to police. However, politically this may not be possible if local populations have historical claims or there is a large influx of people to the area.

· If fishing is allowed there are several possible options.

Fishing could be open access to all comers (artisanal and tourist fishermen). 

Restricted fishing - zones for tourist and artisanal fishermen

Open and closed seasons to avoid breeding or estuarine opening events

Restrictions on types and quantities of gear, numbers of people/craft

Fishermen could be educated about the reserve, refuse disposal

What fishermen are entitled to do in the reserve should be clearly stated

The reserve should have refuse points and service these regularly.

Such options need to be considered when there is some baseline information of the status of the fishery. It is probably best to discuss these options with local fisheries staff and fishermen so that some form of agreement is reached rather than forcing fishermen to comply with regulations.

Problems of tourist fishing operations
Tourist fishing is very fashionable at present as it is perceived as being eco-friendly and a good source of income for rural communities. If managed properly that is possibly the case. However, tourist operations do have some problems and three I have personally noted in other parts of Africa are as follows.

· Some tourist fishermen do not observe reasonable ecological principles. They bring deep freezers in with them and keep everything they catch. The object being to pay for their trip or get food for the rest of the year. Clearly there should be some form of bag limit in such ventures. However, these may also be bypassed when rich tourists visit relatively poor rural communities.

· Boat trailers are notorious for moving alien weeds around from one water body to another. It is highly probable that several alien plants will gain access to the MSR water bodies if a regular boat traffic occurs. It is extremely difficult to eradicate these plants from trailers by spraying programmes as all this is needed is a small piece that can reproduce vegetatively. Eradication of plants once they are established in wetlands may prove impossible and ecologically disastrous.

· In many instances tourist and artisanal fishermen do not co-exist on good terms. Both are exploiting the same resource but with different methods and with different goals. There is usually some conflict which if not dealt with early on and effectively rapidly deteriorates into disrespectful behaviour by both parties e.g. cutting of nets, setting nets in front of tourist camps.

These concerns are real as we found considerable amounts of fishing rubbish on the beaches of Lake Piti. We also found two crocodile snares on the spit linking the central island with the western shore of Lake Xingute (these were removed and handed into the main camp guards). Tourist fishing potential is not great as neither of the two main species (O. mossambicus and C. gariepinus) are sought after angling species, nor do they attain record sizes in the region. Any potential tourist angling development would therefore most likely be centered around the marine fishery.

5.4. Effects of developments on water flows within the MSR
Several developments were either observed or mentioned to me as potential threats.

· Potential plans to open Lake Piti to the sea so as to create a sheltered harbour.

· The bridge at the outflow to Lake Xingute (MSR 3) was flowing out from the foundations and not through the outflow pipes. There were several places on the road between main camp and Lake Xingute where swamps had been bisected by roads which had been “enhanced” by soil from outside the area.

· The plantations of Eucalyptus near main camp.

Breach into Lake Piti for a harbour. I have not seen any plans for such a development but it seems probable that there are two possibilities as far as the nature of the harbour opening: an open harbour mouth or one with locks. The latter would be more expensive to build, reduce speed of access and thus also operating costs. Both of the above scenarios would result in sea water influxes into Lake Piti. The lock system would bring sea water every lock cycle while an open harbour would essentially convert the lake into an shallow water marine lagoon. Presently, Lake Piti is tenuously linked to the sea via a 2-3km long channel which is only rarely open to the sea. At the moment and on previous surveys (Tello 1973, Boane 1995) the lake has been dominated by freshwater species. An increase in salinity, even to brackish, would effect changes in the species composition of the lake with most of the freshwater fishes either dying or move up into the affluent draining swamps in the south if possible. The worst case scenario is that it would become a marine lagoon with the certain loss of the four Maputaland endemics/near-endemics which occur in the lake.

Forestation. Tello (1973) commented on the effects of Eucalyptus plantations on the flow of the Rio Futi. He suggested  that the plantations were responsible for a draw down of the water table in the vicinity of the plantations thus reducing inputs into the Futi channel. He recommended that no further trees be planted. I am certainly not an expert in this field but it should be examined. If there has been a reduction in flooding this could allow the build up of papyrus mats. This in turn can affect fish populations by deoxygenating waters and reduce both biomass and biodiversity. Essentially only those fish species which are tolerant of low oxygen conditions will survive. Boane (1995) assessed that further drying of the Rio Futi as highly probable.

Bridges and roads through swamps. The bridge at the outflow from Lake Xingute was not flowing through the bridge pipes, when we were sampling there, but underneath through its foundations. We also observed several sections of road which went straight through small wetlands where it appeared that they could have easily gone around them. Structures such as roads and bridges need to be both designed and positioned to reduce such impacts where possible. Drifts are probably better than bridges. Where roads can avoid passing through swamps they should. Many of the fishes which occur in these lakes and streams will attempt to migrate at different times of the year or under changing environmental conditions (during flooding periods). Barriers such as bridges and roads can prevent such migrations and result in them breeding in non preferred habitats. A situation in South Africa in Maputaland of a bridge reducing fish migratory abilities was recorded by Bruton & Appelton (1975). Bridges in estuarine areas can also alter fresh and marine water flows and thus alter the natural fluxes and balance of salinities.

The hydrology (water budgets) and long term functioning of the MSR’s lakes and streams needs to be considered when the above developments are planned. The retention times, extent of flushing with freshwater and water chemistry may reduce or enhance impacts.

5.5. The effects of water flows and water chemistry on pollutants from developments
As far as I am aware there have been not limnological studies of the lakes and rivers of the MSR. From the observations made during this fish survey it would appear that the limnology of the different lakes visited is very different. Differences in water conductivity alone indicate varying water budgets and the “pulling” of salts from the underlying marine deposits in the case of lakes which have low freshwater inflows such as Lake Xingute.

Any developments must take the limnology of the nearby water resources into account as most will cause some form of pollution. Tourist camps for example may have refuse sites and will produce sewage. Lake systems with varying flushing rates and water chemistries may “process” or retain impacts/pollutants of similar magnitudes in very different ways.

Ideally the region should be thoroughly surveyed by limnologists. However, financially that may not be possible now. Developers should contract a limnologist to determine the impacts in each new development case regardless of whether similar projects have been permitted previously.

5.6. Exotic plants
The exotic aquatic fern Azolla fuliculoides was present in the Rio Futi and several associated pools. This floating fern has the potential to cover pools completely and can significantly reduce biodiversity and biomass by blocking out light, reducing air-water surface contact, reducing water flow and depositing large quantities of organic material. All of these factors result in the lowering of oxygen levels below fern mats. This is particularly problematic in flood-plain regions were side channels and pools harbour considerable diversity during the low water periods compared to relatively barren main river channels (Bills 2000). Although there were no sites infested with A. fuliculoides during September-October 2001 this plant can rapidly cover pools when nutrients and temperatures increase.

There is an effective biocontrol agent, a weevil Stenopelmus rufinasus, which is available from the Agricultural Research Council (ARC). I have contacted the ARC and was informed that weevils have already been introduced into northern Mozambique and have been supplied to Mr Tomas Chiconela (E-mail: dcugala@zebra.uem.mz), Faculty of Agronomy, UEM, C.P. 257, Maputo, Mozambique. Dr C. Cilliers at ARC stated that weevils are likely to have spread naturally from South Africa into southern Mozambique as they are rapid dispersers. She considers the presence of Azolla in early spring normal and not of concern as weevils will build up in numbers through the summer and eradicate the plants.

Further information is available from Dr Martin Hill at: ARC, Plant Protection Institute, Private Bag X134, Pretoria 0001. (Tel: 012 329 3276)

5.7. People in the region
The residents of the region are very largely dependant on natural resources. Any developments in the region are likely to result in influxes of people looking for jobs. Consequently, any kinds of development will have impacts upon natural resources and this should be a consideration when assessing development impacts. 

6. 
RECOMMENDATIONS
1. A limnological survey of the MSR lakes should be conducted. This will give a better picture of the diversity within the reserve, aid in understanding the distribution of plants and animals and help predict possible impacts of developments in these lake systems.

2. There are numerous wetlands without fishes but all had diverse invertebrate communities. A taxonomic survey of the freshwater invertebrates should be conducted.

3. Ideally further surveys should be done by a multidisciplinary team comprising limnologists, aquatic invertebrate scientists, herpetologists and ichthyologists. It is possible that organisations such as Conservation International (AquaRap) or World Wildlife Fund could fund and conduct these surveys. I recommend these organisations are approached for help in this regard.

4. Scientifically the dynamics of fish populations and the subtraction of species across the region coupled with varying hydrological regimes is the most interesting feature of the MSR’s ichthyofauna. It should be studied further and perhaps projects could be run from the Department of Fisheries, the University of Maputo or South African Universities.

5. The extent of fisheries should be assessed in the wider Lubombo TFCA region by the Mozambique fisheries department. A fisheries management plan should be developed with MSR managers, the fisheries department and local residents. The easiest option for the conservation of MSR lakes and fisheries would be to exclude fishermen of all types. However, that may not be politically feasible.

6. Scientific studies conducted should be, where possible, fed back to the lower levels of MSR staff. This is essential if they are to begin to understand the functioning of these delicate and valuable eco-systems and then implement actions.

7. Careful considerations should be made when evaluating any development in the region. If lakes have long water retention times it is likely pollutants will remain in systems for very long periods of time.

8. The more diverse regions such as Lake Piti and mangroves, which are also the nurseries for many of the near-shore marine fishes, should receive particular care and protection. Developments in these areas should be prevented or kept to a minimum.

9. Developments should also consider the effects of near-shore marine environments which were not the subject of this study. However, some of the fish occurring in the MSR’s freshwaters will mature in the marine environment and physical impacts on both terrestrial and freshwater wetlands may affect the near-shore marine environment.
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9. 
APPENDICES
Appendix 9.1. Transfrontier Conservation Areas Project - JLB Smith Institute of Ichthyology contract.
The Transfrontier Conservation Areas Project agrees to hire the JLB Smith Institute based in Grahamstown, South Africa to conduct a comprehensive inventory and survey of the fish fauna of selected areas of the Maputo Special Reserve and Futi Corridor.

The following water bodies will be surveyed:

1.
Lake Piti (2 days)

2.
Lake Xingute (2 days)

3.
Lake Nhame (1 day)

4.
Lake Maunde (1 day)

5.
Lake Tzembezahne (1 day)

6.
Rio Maputo and lower flood plain (2 days)

7.
Upper Rio Maputo river and floodplain (1 day).

8.
Rio Futi, upper and lower (2 days)

Payment for work undertaken will be made as per the attached budget upon presentation of an invoice and receipts, and will not exceed R60,000.

The TFCA Project accepts responsibility for procuring a boat for the duration of the survey.

Outputs:

A report (1 bound, 1 on CD) to be delivered to the Project Manager of the Transfrontier Conservation Areas Project within 30 days of completion of the fieldwork.  This report will contain:

1.
Checklists of all fish species collected in each of the above water bodies.

10. A review of traditional fishing methods used by local communities, their impacts on fish faunas.

11. Recommendations on management of fish species with reference to endemics, rare, endangered and/or threatened species.

4.
Comments on all perceived threats to the well-being of the fish faunas.

Duplicate specimens will be lodged with the Maputo Museum.

Initial payment of 40% of contract price will be made to the JLB Smith Institute of African Ichthyology; the balance will be paid on delivery of the final report.

Appendix 9.2. Expedition itinerary.
21/09
Travelling Grahamstown to Bethlehem

22/09
Travelling Bethlehem to Mbuluzi Reserve, Swaziland met up with James Culverwell

23/09
Met up with Richard Boycott and travelled through to Maputo, Mozambique

24/09
Collected Boat, met Gonçalves Mulungo (boat driver & assistant), travelled through to Lake Xingute and set up camp

25/09
Sampled around Lake Xingute and nearby small water bodes

26/09
Sampled on Lake Xingute

27/09
Sampled at Lake Maunde, smaller pools along Xingute-Maunde road and on the Futi stream near main camp

28/09
Travelled to Lake Piti and set up camp

29/09
Sampling on Lake Piti

30/09
Sampling on Lake Piti, travelled through to main camp and then (without boat) on to Lake Maxai

1/10
Sampled Lake Maxai, northern Rio Bembe, Lake Zunli and other small pools along road, returned to main camp

2/10
Sampled the Futi stream, lake Nhame and pools in this drainage

3/10
Sampled main channel of the Rio Maputo between Salamanga and Bela Vista

4/10
Returned to Maputo, dropped boat and driver off, visited Maputo museum and travelled to Mbabane

5/10
Visited Malalotja Nature reserve, Swaziland and continued on to Johannesburg and then south to Winburg

6/10
Travelled to Grahamstown

Appendix 9.3. Illustrations provided as picture files on CD Rom.
Photographs of MSR collection sites
Sites 1-45: file names = Site1-loaciltyname.jpg

None for sites 18, 26, 27, 28 and 41 which were water sample sites only.

Live fish photographs
Gichristella aestuaria - at collection site 20 on the central-west shore of Lake Piti. Collected with a seine net in open water (1m depth).

Marcusenius macrolepidotus - caught in the Rio Maputo main channel near Uampochane (site 42) by throw net.

Barbus paludinosus - large adult from site 19, the outflow from Lake Piti. Collected by seine netting the deeper part of the outflow channel.

Barbus viviparus - from the southern part of Lake Piti (site 22). Collected by seine net over open sand and sparse Potamogeton pectinatus bed.

Labeo rosae - caught in the Rio Maputo main channel near Uampochane (site 42)  in a day set gill net. A second picture shows a close up of the head with characteristic red tubercles on the snout.

Schilbe intermedius - from the Rio Maputo at Salamanga (site 45). Caught by a fishermen in a monofilament gill net set in the mid channel during the day.

Clarias gariepinus - from site 20, caught in an off-shore, night set gill net. A second picture shows the characteristic upper jaw and vomer tooth plates.

Synodontis zambezensis - collected in the Rio Maputo main channel at the muddy margins (site 42) using a throw net.

Aplocheilichthys katangae - from site 19, the outflow from Lake Piti. Collected by seine netting.

Aplocheilichthys myaposae - from site 19, the outflow from Lake Piti. Collected by seine netting.

Oreochromis mossambicus female - from site 20b in Lake Piti. Caught in gill nets set in open water.

Oreochromis mossambicus male - site 7 in Lake Xingute. Caught in gill nets set in open water.

Pseudocrenilabrus philander - collected at site 22, the southern part of Lake Piti. Two photos show a male with typical breeding colouration and a mouth brooding female. Collected by seine net.

Tilapia rendalli - juvenile from the Lake Piti outflow (site 19). Collected with D-net (frame net) in root stocks of papyrus.

Tilapia sparrmanii - collected in southern Lake Piti (site 22) by seine net. Picture shows a juvenile with the characteristic “tilapia” spot on the dorsal fin and pigmented pelvic fins.

Mugil cephalus - caught in shallow water on a sand bank in the mid channel of the Rio Maputo (site 43). Caught by seine netting.

Awaous aeneofuscus - site 25, south-western-most bay of Lake Piti. Clean sand substrate. Collected by seine netting.

Croilia mossambcus (female) - collected at site 19, Lake Piti outflow channel (clean sand substrate), by seine netting.

Glossogobius callidus -collected at site 22, south-eastern Lake Piti by seine netting.  Substrate was sand and organic debris with some aquatic vegetation (sparse Potamogeton sp.).

Mugilogobius mertoni - from site 9 in Lake Xingute amongst marginal vegetation. Collected by D-net (large frame hand net).

Periophthalmus argentilineatus - collected in the Rio Bembe mangroves (site 32) where they were on mud flats. Collected by chasing into nets.

Redigobius dewaali - collected at site 22, south-eastern Lake Piti by seine netting.  Substrate was sand and organic debris with some aquatic vegetation (sparse Potamogeton sp.).

Yongeichthys nebulosus - collected in the Rio Bembe (site 32), an upper mangrove channel. Caught with hand nets.

Preserved fish photographs
Clarias ngamensis - collected at site 7, Lake Xingute in the 90mm mesh gill net.

Rhabdosargus sp. -collected in the Rio Bembe, the north-eastern mangrove system (site 32). Collected in open water using a D-net.

Oreochromis mossambicus - a stunted male from Lake Nhame (site 37), collected by seine netting dense weed beds of Chara sp and Potamogeton sp.

Liza melinoptera - collected in the Rio Bembe, in the north-eastern mangrove system (site 32). Collected in open water using a throw net.

Eleotris fusca - collected at site 19, Lake Piti outflow by D-netting root stocks of swamp vegetation.

Croilia mossambica (male) - two photographs show the body and caudal fin colour patterns characteristic of males.

Mugilogobius mertoni - collected in Lake Xingute. This partial body photograph shows the characteristic body and dorsal and anal fin colour patterns

Pandaka silvana - collected in a small side channel of the Rio Bembe, in the north-east mangrove system (site 32). Collected with hand nets.

Redigobius dewaali - collected in Lake Piti. This partial body photograph shows the characteristic body and dorsal and anal fin colour patterns

Silhouettea sibayi - collected at site 24, the eastern bay in Lake Piti. Clean sand substrate, collected by seine netting.

Appendix 9.4. Fishes collected during the September-October 2001 expedition to the Maputo Special Reserve. (I = invertebrates, H = herpetological specimens, P = aquatic plants)

	Species
	Site #

MSR
	Specimens
Total
	Standard Length
	Date
	Coordinates

	
	
	
	Min(mm)
	Max(mm)
	
	Latitude
	Longitude

	
	
	
	
	
	
	
	

	no fish
	1
	-
	-
	-
	24/09/01
	26 29 42
	32 46 53

	I, H
	1
	-
	-
	-
	24/09/01
	26 29 42
	32 46 53

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	2
	37
	9.3
	33.7
	25/09/01
	26 30 32
	32 48 52

	Clarias gariepinus
	2
	1
	143
	-
	25/09/01
	26 30 32
	32 48 52

	Mugilogobius mertoni
	2
	14
	15.8
	28.1
	25/09/01
	26 30 32
	32 48 52

	Oreochromis mossambicus
	2
	43
	23
	68.5
	25/09/01
	26 30 32
	32 48 52

	Pseudocrenilabrus philander
	2
	38
	11.5
	67.7
	25/09/01
	26 30 32
	32 48 52

	Tilapia sparrmanii
	2
	5
	17.3
	36.9
	25/09/01
	26 30 32
	32 48 52

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	3
	14
	19.5
	258
	25/09/01
	26 30 25
	32 48 41

	Barbus paludinosus
	3
	330
	23.2
	61
	25/09/01
	26 30 25
	32 48 41

	Oreochromis mossambicus
	3
	14
	21.3
	76.4
	25/09/01
	26 30 25
	32 48 41

	Pseudocrenilabrus philander
	3
	35
	15.8
	60
	25/09/01
	26 30 25
	32 48 41

	Mugilogobius mertoni
	3
	13
	16.4
	32.5
	25/09/01
	26 30 25
	32 48 41

	
	
	
	
	
	
	
	

	no fish
	4
	-
	-
	-
	25/09/01
	26 29 41
	32 46 42

	I, H
	4
	-
	-
	-
	25/09/01
	26 29 41
	32 46 42

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	5
	7
	22.8
	30.8
	25/09/01
	26 30 23
	32 47 53

	Mugilogobius mertoni
	5
	18
	13.5
	30
	25/09/01
	26 30 23
	32 47 53

	Oreochromis mossambicus
	5
	14
	31
	113
	25/09/01
	26 30 23
	32 47 53

	Pseudocrenilabrus philander
	5
	48
	7.8
	70.7
	25/09/01
	26 30 23
	32 47 53

	I
	5
	-
	-
	-
	25/09/01
	26 30 23
	32 47 53

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	6
	49
	18
	34
	25/09/01
	26 30 22
	32 48 50

	Mugilogobius mertoni
	6
	2
	17.2
	26.5
	25/09/01
	26 30 22
	32 48 50

	Oreochromis mossambicus
	6
	3
	29.5
	64
	25/09/01
	26 30 22
	32 48 50

	Pseudocrenilabrus philander
	6
	15
	21.4
	44.7
	25/09/01
	26 30 22
	32 48 50

	Tilapia sparrmanii
	6
	3
	28.5
	54.2
	25/09/01
	26 30 22
	32 48 50

	I, P
	6
	-
	-
	-
	25/09/01
	26 30 22
	32 48 50

	
	
	
	
	
	
	
	

	Barbus paludinosus
	7
	1
	72.3
	-
	26/09/01
	26 30 40
	32 49 05

	
	
	
	
	
	
	
	

	Barbus paludinosus
	8
	1
	8
	-
	26/09/01
	26 32 25
	32 48 42

	Mugilogobius mertoni
	8
	45
	10.6
	28
	26/09/01
	26 32 25
	32 48 42

	Oreochromis mossambicus
	8
	8
	30.3
	44
	26/09/01
	26 32 25
	32 48 42

	Pseudocrenilabrus philander
	8
	2
	9
	21.5
	26/09/01
	26 32 25
	32 48 42

	I, P
	8
	-
	-
	-
	26/09/01
	26 32 25
	32 48 42

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	9
	26
	20.4
	33.5
	26/09/01
	26 32 58
	32 48 12

	Barbus paludinosus
	9
	24
	12.2
	16.5
	26/09/01
	26 32 58
	32 48 12

	Mugilogobius mertoni
	9
	21
	16.2
	29.5
	26/09/01
	26 32 58
	32 48 12

	Oreochromis mossambicus
	9
	1
	45.1
	-
	26/09/01
	26 32 58
	32 48 12

	Pseudocrenilabrus philander
	9
	15
	22.8
	56.4
	26/09/01
	26 32 58
	32 48 12

	Tilapia sparrmani
	9
	4
	33.3
	42.8
	26/09/01
	26 32 58
	32 48 12

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	10
	8
	18.8
	29.3
	26/09/01
	26 34 43
	32 48 51

	Pseudocrenilabrus philander
	10
	8
	8.2
	43.7
	26/09/01
	26 34 43
	32 48 51

	I, H
	10
	-
	-
	-
	26/09/01
	26 34 43
	32 48 51

	
	
	
	
	
	
	
	

	Pseudocrenilabrus philander
	11
	5
	7.9
	34.8
	27/09/01
	26 24 35
	32 52 36

	Tilapia sparrmanii
	11
	5
	24.4
	31.4
	27/09/01
	26 24 35
	32 52 36

	I
	11
	-
	-
	-
	27/09/01
	26 24 35
	32 52 36

	
	
	
	
	
	
	
	

	no fish
	12
	-
	-
	-
	27/09/01
	26 28 51
	32 49 25

	I, P
	12
	-
	-
	-
	27/09/01
	26 28 51
	32 49 25

	
	
	
	
	
	
	
	

	Pseudocrenilabrus philander
	13
	4
	8
	27.2
	27/09/01
	26 29 13
	32 49 05

	I
	13
	-
	-
	-
	27/09/01
	26 29 13
	32 49 05

	
	
	
	
	
	
	
	

	no fish
	14
	-
	-
	-
	27/09/01
	26 28 47
	32 45 01

	I, H, P
	14
	-
	-
	-
	27/09/01
	26 28 47
	32 45 01

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	15
	2
	27.3
	28.8
	27/09/01
	26 31 42
	32 42 24

	Pseudocrenilabrus philander
	15
	11
	20.2
	66.7
	27/09/01
	26 31 42
	32 42 24

	
	
	
	
	
	
	
	

	no fish
	16
	-
	-
	-
	28/09/01
	26 29 49
	32 51 26

	I
	16
	-
	-
	-
	28/09/01
	26 29 49
	32 51 26

	
	
	
	
	
	
	
	

	no fish
	17
	-
	-
	-
	28/09/01
	26 31 15
	32 51 47

	I, H
	17
	-
	-
	-
	28/09/01
	26 31 15
	32 51 47

	
	
	
	
	
	
	
	

	no fish
	18
	-
	-
	-
	28/09/01
	26 32 57
	32 52 41

	
	
	
	
	
	
	
	

	Awaous aeneofuscus
	19
	1
	21.4
	-
	28/09/01
	26 32 20
	32 54 08

	Aplocheilichthys katangae
	19
	3
	23
	23.1
	28/09/01
	26 32 20
	32 54 08

	Aplocheilichthys myaposae
	19
	53
	19
	38.1
	28/09/01
	26 32 20
	32 54 08

	Barbus paludinosus
	19
	8
	64.1
	72.7
	28/09/01
	26 32 20
	32 54 08

	Barbus viviparus
	19
	4
	33.3
	41.6
	28/09/01
	26 32 20
	32 54 08

	Eleotris fusca
	19
	2
	26.7
	27.5
	28/09/01
	26 32 20
	32 54 08

	Gilchristella aestuaria
	19
	2
	25
	33
	28/09/01
	26 32 20
	32 54 08

	Oreochromis mossambicus
	19
	6
	38.8
	58.7
	28/09/01
	26 32 20
	32 54 08

	Pseudocrenilabrus philander
	19
	8
	25.8
	37.7
	28/09/01
	26 32 20
	32 54 08

	Silhouettea sibayi
	19
	1
	23.6
	-
	28/09/01
	26 32 20
	32 54 08

	Tilapia rendalli
	19
	1
	30
	-
	28/09/01
	26 32 20
	32 54 08

	
	
	
	
	
	
	
	

	(Gill net catch)
	0.33333
	
	
	
	29/09/01
	26 33 46
	32 5151

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	20b
	1
	22.2
	-
	29/09/01
	26 33 46
	32 51 51

	Aplocheilichthys myaposae
	20b
	1
	32.3
	-
	29/09/01
	26 33 46
	32 51 51

	Awaous aeneofuscus
	20b
	4
	19
	29.9
	29/09/01
	26 33 46
	32 51 51

	Barbus viviparus
	20b
	1
	34.1
	-
	29/09/01
	26 33 46
	32 51 51

	Croilia mossambica
	20b
	6
	37.2
	40
	29/09/01
	26 33 46
	32 51 51

	Gilchristella aestuaria
	20b
	93
	23.2
	35.7
	29/09/01
	26 33 46
	32 51 51

	Oreochromis mossambicus
	20b
	3
	32.7
	47.3
	29/09/01
	26 33 46
	32 51 51

	Pseudocrenilabrus philander
	20b
	6
	20.1
	23.1
	29/09/01
	26 33 46
	32 51 51

	I, H, P
	20b
	-
	-
	-
	29/09/01
	26 33 46
	32 51 51

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	21
	3
	20.2
	22.3
	29/09/01
	26 35 18
	32 51 17

	Aplocheilichthys myaposae
	21
	4
	21.4
	31.5
	29/09/01
	26 35 18
	32 51 17

	Barbus paludinosus
	21
	1
	41
	-
	29/09/01
	26 35 18
	32 51 17

	Croilia mossambica
	21
	1
	28.8
	-
	29/09/01
	26 35 18
	32 51 17

	Gilchristella aestuaria
	21
	20
	23.5
	29.2
	29/09/01
	26 35 18
	32 51 17

	Pseudocrenilabrus philander
	21
	7
	21.8
	54.1
	29/09/01
	26 35 18
	32 51 17

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	22
	4
	20.3
	27
	29/09/01
	26 37 17
	32 53 15

	Aplocheilichthys myaposae
	22
	64
	23.5
	35.6
	29/09/01
	26 37 17
	32 53 15

	Barbus paludinosus
	22
	1
	44.1
	-
	29/09/01
	26 37 17
	32 53 15

	Barbus viviparus
	22
	6
	22.1
	33.8
	29/09/01
	26 37 17
	32 53 15

	Croilia mossambica
	22
	9
	36.2
	45.2
	29/09/01
	26 37 17
	32 53 15

	Gilchristella aestuaria
	22
	4
	27
	30.9
	29/09/01
	26 37 17
	32 53 15

	Glossogobius callidus
	22
	16
	27.3
	49.8
	29/09/01
	26 37 17
	32 53 15

	Oreochromis mossambicus
	22
	4
	27.8
	35.7
	29/09/01
	26 37 17
	32 53 15

	Pseudocrenilabrus philander
	22
	17
	29.3
	65.3
	29/09/01
	26 37 17
	32 53 15

	Redigobius dewaali
	22
	21
	20.9
	26.7
	29/09/01
	26 37 17
	32 53 15

	I
	22
	-
	-
	-
	29/09/01
	26 37 17
	32 53 15

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	23
	1
	24.3
	-
	29/09/01
	26 35 40
	32 52 50

	Aplocheilichthys myaposae
	23
	6
	21.8
	23.9
	29/09/01
	26 35 40
	32 52 50

	Pseudocrenilabrus philander
	23
	8
	10
	50
	29/09/01
	26 35 40
	32 52 50

	Tilapia sparrmanii
	23
	2
	50.7
	105
	29/09/01
	26 35 40
	32 52 50

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	24
	4
	22.8
	25.9
	29/09/01
	26 34 28
	32 54 07

	Aplocheilichthys myaposae
	24
	14
	18.8
	37.9
	29/09/01
	26 34 28
	32 54 07

	Gilchristella aestuaria
	24
	3
	24.4
	26.3
	29/09/01
	26 34 28
	32 54 07

	Oreochromis mossambicus
	24
	1
	43.6
	-
	29/09/01
	26 34 28
	32 54 07

	Pseudocrenilabrus philander
	24
	42
	18.5
	59.2
	29/09/01
	26 34 28
	32 54 07

	Silhouettea sibayi
	24
	1
	24.7
	-
	29/09/01
	26 34 28
	32 54 07

	Tilapia rendalli
	24
	1
	30.4
	-
	29/09/01
	26 34 28
	32 54 07

	
	
	
	
	
	
	
	

	Aplocheilicthys katangae
	25
	67
	11
	27.8
	30/09/01
	26 37 42
	32 52 31

	Aplocheilichthys myaposae
	25
	81
	13.8
	38.8
	30/09/01
	26 37 42
	32 52 31

	Awaous aeneofuscus
	25
	3
	46.8
	65.8
	30/09/01
	26 37 42
	32 52 31

	Barbus viviparus
	25
	5
	20.4
	37.7
	30/09/01
	26 37 42
	32 52 31

	Gilchristella aestuaria
	25
	6
	29.8
	33.4
	30/09/01
	26 37 42
	32 52 31

	Glossogobius callidus
	25
	24
	29
	54.9
	30/09/01
	26 37 42
	32 52 31

	Oreochromis mossambicus
	25
	9
	34.9
	47
	30/09/01
	26 37 42
	32 52 31

	Pseudocrenilabrus philander
	25
	10
	26.8
	66.6
	30/09/01
	26 37 42
	32 52 31

	Redigobius dewaali
	25
	1
	26.8
	-
	30/09/01
	26 37 42
	32 52 31

	
	
	
	
	
	
	
	

	Only water sample taken
	26
	-
	-
	-
	30/09/01
	26 37 35
	32 52 47

	
	
	
	
	
	
	
	

	Only water sample taken
	27
	-
	-
	-
	30/09/01
	26 36 38
	32 53 06

	
	
	
	
	
	
	
	

	Only water sample taken
	28
	-
	-
	-
	30/09/01
	26 34 49
	32 52 32

	
	
	
	
	
	
	
	

	Mugilogobius mertoni
	29 (Dnet)
	42
	11.4
	26.2
	30/09/01
	26 20 33
	32 55 39

	Mugilogobius mertoni
	29 (NS)
	219
	12.3
	37.2
	30/09/01
	26 20 33
	32 55 39

	Oreochromis mossambicus
	29
	20
	22.9
	51.7
	30/09/01
	26 20 33
	32 55 39

	
	
	
	
	
	
	
	

	Mugilogobius mertoni
	30
	13
	13.8
	24.7
	36900
	26 20 55
	32 55 40

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Mugilogobius mertoni
	31
	33
	11.8
	31
	01/10/01
	26 20 31
	32 55 33

	
	
	
	
	
	
	
	

	Liza melinoptera
	32
	6
	36
	144
	01/10/01
	26 19 56
	32 53 48

	Pandaka silvana
	32
	14
	14
	15.7
	01/10/01
	26 19 56
	32 53 48

	Periophthalmus argentilineatus
	32
	5
	17.5
	65.2
	01/10/01
	26 19 56
	32 53 48

	Youngeichthys nebulosus
	32
	4
	37
	100
	01/10/01
	26 19 56
	32 53 48

	Rhabdosargus sp.
	32
	1
	11
	-
	01/10/01
	26 19 56
	32 53 48

	
	
	
	
	
	
	
	

	no fish
	33
	-
	-
	-
	01/10/01
	26 20 26
	32 53 57

	I, H
	33
	-
	-
	-
	01/10/01
	26 20 26
	32 53 57

	
	
	
	
	
	
	
	

	Glossogobius callidus
	34
	6
	31.6
	53.8
	01/10/01
	26 22 57 
	32 53 33

	Mugilogobius mertoni
	34
	5
	11.5
	26.7
	01/10/01
	26 22 57 
	32 53 33

	Oreochromis mossambicus
	34
	3
	35.9
	51.4
	01/10/01
	26 22 57 
	32 53 33

	Pseudocrenilabrus philander
	34
	2
	54.2
	54.9
	01/10/01
	26 22 57 
	32 53 33

	Tilapia sparrmanii
	34
	5
	25.6
	63.9
	01/10/01
	26 22 57 
	32 53 33

	
	
	
	
	
	
	
	

	Barbus paludinosus
	35
	3
	29.8
	37.8
	01/10/01
	26 24 04
	32 52 58

	Gilchristella aestuaria
	35
	2
	24
	25
	01/10/01
	26 24 04
	32 52 58

	Oreochromis mossambicus
	35
	13
	29.9
	67.2
	01/10/01
	26 24 04
	32 52 58

	Pseudocrenilabrus philander
	35
	11
	23.2
	53.8
	01/10/01
	26 24 04
	32 52 58

	Tilapia sparrmanii
	35
	1
	46.2
	-
	01/10/01
	26 24 04
	32 52 58

	
	
	
	
	
	
	
	

	no fish
	36
	-
	-
	-
	36931
	26 24 19
	32 45 31

	I, H, P
	36
	-
	-
	-
	36931
	26 24 19
	32 45 31

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	37
	10
	21.9
	33.5
	36931
	26 24 09
	32 45 19

	Barbus paludinosus
	37
	8
	32.1
	51.5
	36931
	26 24 09
	32 45 19

	Oreochromis mossambicus 
	37
	69
	19.5
	88.7
	36931
	26 24 09
	32 45 19

	Pseudocrenilabrus philander
	37
	3
	11.1
	40.7
	36931
	26 24 09
	32 45 19

	Tilapia sparrmanii
	37
	23
	25.3
	70.7
	36931
	26 24 09
	32 45 19

	I, H, P
	37
	-
	-
	-
	36931
	26 24 09
	32 45 19

	
	
	
	
	
	
	
	

	Aplocheilichthys katangae
	38
	1
	22
	-
	36931
	26 25 34
	32 45 12

	Barbus paludinosus
	38
	15
	 41.5
	55.5
	36931
	26 25 34
	32 45 12

	Pseudocrenilabrus philander
	38
	9
	10
	48.8
	36931
	26 25 34
	32 45 12

	
	
	
	
	
	
	
	

	no fish
	39
	-
	-
	-
	36931
	26 34 43
	32 48 51

	I, P
	39
	-
	-
	-
	36931
	26 34 43
	32 48 51

	
	
	
	
	
	
	
	

	Pseudocrenilabrus philander
	40
	1
	54.5
	-
	36931
	26 29 58
	32 42 52

	
	
	
	
	
	
	
	

	no fish
	41
	
	
	
	36959
	26 27 38 
	32 38 32

	
	
	
	
	
	
	
	

	Marcusenius macrolepidotus
	42
	2
	135
	140
	36959
	26 26 52
	32 39 49

	Synodontis zambezensis
	42
	2
	87.9
	92.5
	36959
	26 26 52
	32 39 49

	Labeo rosae
	42
	8
	156
	200
	36959
	26 26 52
	32 39 49

	
	
	
	
	
	
	
	

	Mugil cephalus
	43
	1
	120.1
	
	36959
	26 25 12
	32 41 06

	
	
	
	
	
	
	
	

	Synodontis zambezensis
	44
	6
	62
	78
	36959
	26 20 37
	32 40 50

	
	
	
	
	
	
	
	

	Schilbe intermedius
	45
	1
	270
	-
	36959
	26 28 21
	32 38 55

	Oreochromis mossambicus
	45
	1
	81.8
	-
	36959
	26 28 21
	32 38 55

	
	
	
	
	
	
	
	


Appendix 9.5. Checklist of freshwater fishes from the Phongolo River and associated waters in South Africa - based on the RUSI collection.
	Acanthopagrus berda
	Glossogobius callidus

	Amphilius uranoscopus
	Glossogobius giuris

	Anguilla marmorata
	Hydrocynus vittatus

	Anguilla mossambica
	Labeo congoro

	Aplocheilichthys katangae
	Labeo cylindricus

	Aplocheilichthys myaposae
	Labeo molybdinus

	Barbus afrohamiltoni
	Labeo rosae

	Barbus annectens
	Labeo rubropunctatus

	Barbus argenteus
	Marcusenius macrolepidotus

	Barbus marequensis
	Megalops cyprinoides

	Barbus pallidus
	Mesobola brevianalis

	Barbus paludinosus
	Micralestes acutidens

	Barbus polylepis
	Microphis fluviatilis

	Barbus radiatus
	Muraenesox bagio

	Barbus toppini
	Nothobranchius rachovii

	Barbus trimaculatus
	Nothobranchius orthonotus

	Barbus unitaeniatus
	Opsaridium peringueyi

	Barbus viviparus
	Oreochromis mossambicus

	Brycinus imberi
	Oreochromis placidus

	Brycinus lateralis
	Petrocephalus wesselsi

	Chiloglanis anoterus
	Pseudocrenilabrus philander

	Chiloglanis emarginatus
	Redigobius dewaali

	Chiloglanis paratus
	Schilbe intermedius

	Chiloglanis swierstrai
	Synodontis zambezensis

	Clarias gariepinus
	Thryssa setirostris

	Clarias ngamensis
	Tilapia rendalli

	Clarias theodorae
	Tilapia sparrmanii


Appendix 9.6. Checklist of estuarine and marine fishes from the Maputo Special Reserve - based on the RUSI collection.
	Marine inshore environment near Lake Piti

	Abudefduf vaigiensis
	Enneapterygius abeli
	Pavoclinus laurentii

	Acanthopagrus berda
	Epinephelus marginatus
	Pempheris sp.

	Acanthurus triostegus
	Epinephelus sp.
	Pereulixia kosiensis

	Albula neoguinaica
	Eviota sp.
	Pervagor janthinosoma

	Antennablennius australis
	Gnatholepis cauerens
	Plagiotremus rhinorhynchos

	Antennablennius bifilum
	Gobiodon rivulatus
	Plagiotremus tapeinosoma

	Antennarius coccineus
	Grammistes sexlineatus
	Plectorhinchus sordidus

	Apodocreedia vanderhorsti
	Gymnothorax flavimarginatus
	Plectroglyphidodon leucozonus

	Apogon angustatus
	Gymnothorax margaritophorus
	Polynemus plebeius

	Apogon kallopterus
	Gymnothorax melatremus
	Pomacanthus semicirculatus

	Apogon semiornatus
	Gymnothorax robinsi
	Pomadasys commersoni

	Apogon taeniophorus
	Gymnothorax undulatus
	Pomadasys furcatum

	Arothron immaculatus
	Halichoeres cosmetus
	Priolepis cincta

	Atherinomorus lacunosus
	Halimuraena shakai
	Pseudanthias squamipinnis

	Aulacocephalus temmincki
	Helcogramma obtusirostre
	Pseudochromis dutoiti

	Barbuligobius boehlkei
	Herklotsichthys quadrimaculatus
	Pseudogramma polyacanthum

	Bathygobius cocosensis
	Hetereleotris zonata
	Pterois miles

	Bathygobius cotticeps
	Hirculops cornifer
	Rhabdosargus holubi

	Blenniella cyanostigma
	Istiblennius dussumieri
	Scartella emarginata

	Blenniella periophthalmus
	Istiblennius edentulus
	Scarus sp.

	Bodianus bilunulatus
	Istiblennius periophthalmus
	Scomberoides commersonnianus

	Bodianus diana
	Kuhlia mugil
	Scorpaenopsis oxycephala

	Caesio caerulaurea
	Labroides dimidiatus
	Siderea picta

	Caesio xanthonota
	Lethrinus nebulosus
	Stethojulis interrupta

	Cantherhines pardalis
	Lethrinus sp.
	Sufflamen bursa

	Canthigaster janthinoptera
	Limnichthys nitidus
	Sufflamen fraenatus

	Canthigaster valentini
	Lissonanchus lusheri
	Synodus jaculum

	Caranx sexfasciatus
	Lithognathus mormyrus
	Taenianotus triacanthus

	Centropyge multispinis
	Liza macrolepis
	Terapon jarbua

	Cephalopholis miniata
	Lutjanus fulviflamma
	Thalassoma lunare

	Chaetodon interruptus
	Lutjanus lutjanus
	Thalassoma purpureum

	Chaetodon kleinii
	Lutjanus rivulatus
	Tylosurus crocodilus

	Chaetodon lunula
	Melichthys indicus
	

	Chromis dimidiata
	Melichthys niger
	Lake Piti near outflow river mouth

	Chromis nigrura
	Moringua ferruginea
	

	Cirrhilabrus exquisitus
	Mulloidichthys vanicolensis
	

	Cirrhitichthys oxycephalus
	Oplegnathus peaolopesi
	Acanthopagrus berda

	Cirrhitus pinnulatus
	Parablennius pilicornis
	Caesio xanthonota

	Clarias gariepinus
	Paramonacanthus cingalensis ?
	Hyporhamphus capensis

	Coryphopterus duospilus
	Parapercis puntulata
	Pomadasys commersoni

	Cosmocampus banneri
	Parapercis xanthozona
	Pomadasys furcatum

	Dascyllus trimaculatus
	Paraplagusia bilineata
	Rhabdosargus holubi

	Ecsenius midas
	Parascorpaena mcadamsi
	Tylosurus crocodilus crocodilus

	Elops machnata
	Parascorpaena mossambica
	


Appendix 9.7.  Fishes donated to the Maputo Museum.
	Species
	#
	Locality
	Date
	Coordinates

	Aplocheilichthys katangae
	10
	Typha swamp at Xingute outlet (MSR 6)
	37158
	26 30 22S 32 48 50E

	Aplocheilichthys myaposae
	10
	South East bay in lake Piti (MSR22)
	37162
	26 37 17S 32 53 15E

	Barbus paludinosus
	10
	Lake Xingute outflow (MSR 3)
	37158
	26 30 25S 32 48 41E

	Clarias gariepinus
	1
	North-east Lake Xingute (off-shore) (MSR7)
	37159
	26 30 40S 32 49 05E

	Gilchristella aestuaria
	10
	Lake Piti camp (central-west) off-shore (MSR 20b)
	37162
	26 33 46S 32 51 51E

	Glossogobius callidus
	2
	South-west bay in Lake Piti (MSR 25)
	37163
	26 37 42S 32 52 31E

	Mugilogobius mertoni
	10
	Lake Maxai - north-east corner (MSR 29)
	37163
	26 20 33S 32 55 39E

	Oreochromis mossambicus
	10
	Lake Xingute fringes (MSR 2)
	37158
	26 30 32S 32 48 52E

	Oreochromis mossambicus
	14
	North-east Lake Xingute (off-shore, gill net) (MSR 7)
	37159
	26 3040S 32 49 05E

	Pseudocrenilabrus philander
	5
	Lake Xingute fringes (MSR 2)
	37158
	26 30 32S 32 48 52E

	Redigobius dewaali
	2
	South East bay in lake Piti (MSR22)
	37162
	26 37 17S 32 53 15E

	Tilapia sparrmanii
	5
	Lake Nhame (east shore) (MSR 37)
	37165
	26 24 09S 32 45 19E




