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Abstract For seven years, village-based recorders monitored fish catches and water levels in seven floodplain- 
associated lakes o f the Lower Rufiji, Tanzania. The lakes differ in the number o f days and volume o f inflows from 
the river, and thus provide a natural experiment to explore the links between catch composition, income per hour of 
fishing (IPHF) and hydrological connectivity, and to analyse the response o f the users. The fishers adapt their fish
ing mode and equipment to achieve a rather constant IPHF o f between 0.2 and 0.8 US$/fisher/hour. In situations 
of low connectivity, during a series o f drought years, the less well-connected lakes lost many species and became a 
virtual monoculture o f Oreochromis urolepis. Only in one extreme case was average fish size significantly reduced, 
indicating a high fishing pressure. Catch was therefore highly resilient to shifts toward illegal, non-selective and 
active fishing techniques. Fish diversity and lake productivity were quickly re-established when the larger lakes 
reconnected. The potential impacts o f changes in the flood hydrograph (through dams, increased abstraction or 
climate/land-use changes) are assessed, and management options discussed.
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INTRODUCTION

The importance of fish as a source of comparatively 
cheap protein for people in the tropics, especially 
its most vulnerable groups, and the importance of 
allocating sufficient water to sustain these fisheries 
can hardly be overemphasized (Dugan et al. 2006). 
The complexity of tropical fisheries in general and 
of floodplain fisheries in particular is well recognized 
(Welcotnme 2008), as is the importance of maintain
ing the flood pulse for their productivity (Junk et al. 
1989). In general, wetlands are considered to be the 
most valuable terrestrial ecosystems (Costanza et al. 
1997). In spite of this, tropical wetlands are amongst 
the natural ecosystems with the highest rate of con
version (mainly for irrigated agriculture), especially 
in Africa (Junk 2002). This is due, at least partly, to 
a lack of data on and understanding of their multi
ple use values (Barbier 1994). Tropical wetlands are 
also losing value through increased regulation and 
fragmentation of rivers by large dams (Nilsson et al.
2005), which, through a decrease in the magnitude 
of the flood pulse, affect connectivity i.e. “ the ease 
with which organisms, matter or energy transverse 
ecotones between adjacent ecological units” (Ward 
et al. 1999). In riverine systems, water-mediated or 
hydrological connectivity is thought to be key for 
the persistence of aquatic biota (Jenkins and Boulton 
2003), including fish, in both temperate (Fullerton 
et al. 2010) and tropical systems (Pains da Silva et al. 
2010). Science-based fisheries management advice 
has largely failed to deliver even in biologically 
“simple”, single-species, single-type, temperate-zone 
fisheries (Bayley 1988), as stocks have continued 
to collapse, often because the political will to fully 
implement the advice has been a stumbling block 
(Pauly et al. 2002). Still, improved understanding of 
a floodplain fishery can be helpful to explore site- 
specific management options relevant for vulnerable 
people.

The Millennium Ecosystems Assessment has 
called for increased research on measuring, mod
elling and mapping ecosystem services, and assessing 
changes to their delivery with respect to human well
being (Carpenter et al. 2006). The field of ecosystem 
services research is at a relatively early stage, and 
spatially explicit empirical research is still urgently 
required to counteract the dearth of information con
cerning the patterns of ecosystem service provision,

particularly in areas where little social and ecological 
research has been undertaken (Nicholson et al. 2009). 
Freshwater fisheries in flood-dependent systems in the 
tropics are an obvious candidate for such research, 
as they concern a vital element of human well-being 
that is increasingly under threat. These fisheries, 
as a provisioning ecosystem service, come as part 
of a bundle of associated flood-dependent services 
in complex socio-ecological landscapes (Hamerlynck 
et al, 2010a), e.g. soil fertilization, freshwater pro
vision, water purification and regulation (including 
the reduction of flood hazards), groundwater recharge 
with improved forest productivity (increased flow
ering and honey production, more wild fruits and 
traditional medicine), in addition to their cultural and 
spiritual values. The study of these services, from 
biodiversity through to the ecosystem services it pro
duces, and onwards to their contribution to human 
well-being, precisely captures the kind of linkages 
and processes that Nicholson et al, (2009) state should 
receive priority research attention.

With a mean annual flow of some 800 m3/s, 
the Rufiji River is the largest river in Tanzania, 
and its lower floodplains are subjected to highly 
variable and often bi-annual flood peaks. These 
are considered beneficial by the local communi
ties (Duvail and Hamerlynck 2007). Flood con
trol, in combination with hydropower production 
and a—probably overestimated—irrigation potential 
(Hamerlynck et al, 2010b) are invoked by the author
ities as key arguments in favour of the construction 
of a large multipurpose dam at Stiegler’s Gorge, just 
upstream of the lower floodplains (Fig. 1 ). Calls for its 
immediate implementation resurface regularly in the 
media, and this in spite of a very negative assessment 
of its environmental impacts (Mwalyosi 1988).

From 1997 to 2003, the local government of the 
Rufiji District in southern Tanzania was supported by 
the Rufiji Environment Management Project (REMP), 
which had as one of its main objectives, “to pro
mote the integration o f  environmental conservation 
and sustainable development through environmental 
p l a n n i n g Part of the REMP activities consisted, 
therefore, in data collection through the establish
ment of research and monitoring activities designed 
to improve understanding of the links between the 
environment and local livelihoods, and resulted in the 
production of a series of technical reports (REMP
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2003). The general approach was to involve the local 
communities and various other stakeholders in all 
planning activities, including the establishment of 
research priorities (Ochieng 2002).

Despite its perceived success by all stakehold
ers, the REMP was discontinued in October 2003, 
but some monitoring and research activities were con
tinued or revived, and others initiated as part of a 
research project that investigates the links between 
floods and ecosystem services in eastern African 
wetlands (Duvail 2004), including the monitoring 
of water levels in the 10 main floodplain-associated 
lakes, and of their fisheries, predominantly in two of 
those lakes (Mtanza and Zutnbi).

The participatory monitoring was conducted 
by village-based water-level and fisheries data 
recorders, and coordinated by local government staff. 
Feedback workshops, bringing together the recorders, 
researchers and district staff were conducted in 2002, 
2005, 2007 and 2010 (mostly constrained by the 
availability of funds). These allowed presentation 
and discussion of the results and collective analysis 
of their implications for flood-dependent livelihoods 
under various scenarios, also explored in the form 
of role play. This paper presents some preliminary 
results from the analysis of the fisheries monitoring 
when linked up with the hydrological monitoring in 
order to:

-  assess the possible links between the fish catch 
composition and the hydrological connectivity of 
the floodplain-associated lakes;

-  assess the impacts of the hydrological connec
tivity on income per hour of fishing (IPHF) as 
a measure of the economic contribution of the 
fisheries to individual fishers;

-  assess the strategies of the fishers when faced with 
lakes that have reduced connectivity (as would 
be the case if additional dams that reduce flood 
peaks were built upstream, or if other factors such 
as climate change, land-use change or increased 
abstraction reduce peak flows); and

-  assess current management practices and pro
vide some recommendations on knowledge-based 
management interventions that could mitigate the 
impacts of reduced connectivity.

The study therefore attempts to capture links 
between fish biodiversity (catch composition), con
nections of the lakes with the river (in relation to 
its flooding pattern) and human well-being (through 
fisheries income).

STUDY AREA

The Lower Rufiji floodplain forms the central part 
of the Rufiji District in Tanzania, around the eco
nomic hub of Ikwiriri (7°57/S; 38°59/E, approx. 
15 000 inhabitants) just north of the Rufiji bridge 
(completed in 2003) that connects Dar es Salaam 
to coastal southern Tanzania. It is one of the least- 
developed districts in Tanzania, in spite of com
paratively abundant renewable resources, linked to 
the presence of one of the largest rivers in Africa. 
According to the Poverty and Human Development 
Report (United Republic of Tanzania 2005), an esti
mated 34% of the 203 000 people living in Rufiji 
District (of which about 100 000 depend directly on 
the freshwater floodplain) do so below the “basic 
needs poverty line” which, in Tanzania, is defined as 
less than US$ 0.26 a day, i.e. much lower than the 
internationally accepted extreme poverty standard of 
US$ 1.25 a day, even after purchasing power parity 
correction. Some other indicators for the district are 
an adult literacy rate in women of 41%, access to 
piped or protected water for 9%, access to electric
ity for 2.4%, and an infant mortality rate of 97 per 
1000 live births (national average in Tanzania: 68, in 
Sweden: 2.7). Moreover, there is inequitable access to 
basic health services (Mwageni et al. 2005), meaning 
that the disease and mortality burden is considerably 
higher in the poorest households. Education levels 
have improved recently, but, for the active generation
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that is now 25-30 years old, less than 50% has com
pleted primary education and only 1.2 ( 1990) to 7.4% 
(1996) enrolled for secondary school (Rufiji District 
Council 1997).

The area is therefore characterized by vulnera
ble people whose well-being depends very strongly 
on the delivery of ecosystem services by the local 
environment and especially the river. According to 
Turpie (2000), livelihoods are essentially based on 
the harvesting of natural resources, on recession and, 
to a lesser extent, rainfed agriculture. Over 90% 
of the households engage in the collection of wild 
food plants, of grasses and palm leaves for roof 
thatch and weaving, and also of firewood. Over 55% 
of households engage in fishing and in the collec
tion of medicinal plants, while 46% harvest wood 
for poles. Other important activities are timber, pot
tery, honey collection, hunting and charcoal pro
duction. The gross economic value of these natural 
resource-related activities amounts to about double 
that of agriculture. Over 75% of households produce 
cereal crops, mainly rice, from 0.8 to 1.2 hectares. 
Additional crops are maize, sweet potato, millet, veg
etables and fruits. Cash crops, such as sesame and 
cashew, represent less than 10% of gross economic 
value. The direct use value of freshwater habitats is 
estimated at US$ 42 ha"1 year'1 and that of agri
cultural land at US$ 63 ha"1 year'1 (Turpie 2000).

The lower floodplain of the Rufiji River has eight 
major floodplain-adjacent lakes (Fig. 2) that are shal
low remnants (less than 8 m deep) of old tributaries 
entering the Rufiji River. These lakes are dammed by 
alluvial deposits, and vary in size, volume and dis
tance from the main river (Table 1). Most lakes there
fore have tributaries from local catchments entering 
on the side opposite to the connection with the main 
river. The water from the tributaries can be mixed 
with water from the Rufiji River when the flood peak
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Fig. 2 Map o f the Lower Rufiji floodplain lakes.

Table 1 Characteristics o f the main floodplain lakes with 
surface areas as derived from aerial photography in June 
1999, and volume on the basis o f a bathymetric survey in 
June 2000 (S. Duvail, unpublished data).

Lake surface 
area (km2 )

Lake volum e 
(hm 3)

Distance to Rufiji 
R iver (km)

Umwe 1.43 1.4 7.6
Uba 3.18 7.2 6.2
M tanza 0.3 0.4 0.4
Ruwe 8.76 20.6 8.2
Zum bi 6.87 29.2 0.2
Weme 1.99 2.6 2.8
flu 3.54 4.8 0.2
Lugongwe 2.47 5.9 1.0

exceeds the altitude of the threshold that separates the 
lake from the river. These thresholds, called kingo in 
Swahili, are a concept familiar to local users, as any 
connection will result in a fishing feast, where men, 
women and children use any sort of device, includ
ing items of clothing, to scoop out the densely-packed 
migrating fish. The connection with the river can 
extend for several weeks, allowing exchange of water, 
suspended matter and biological material. Traditional 
fish weirs are often installed on the connecting chan
nels to cover both directions of the fish migration 
(J.-L. Paul, unpublished). At flood recession, excess 
water (above the threshold) flows back to the river 
until the connection is severed and the water level in 
the lake evolves independently from the level in the 
Rufiji River until the next connection. The floodplain- 
associated lakes comprise over 50% of the standing 
water bodies in the Rufiji District (Mwalyosi 1990), 
and have become increasingly important for local 
livelihoods since the late 1960s when the IJjamaa 
“villagization” policy forcibly resettled the inhabi
tants of the fertile floodplains in their proximity to 
protect them from supposedly “dangerous” floods 
(Duvail and Hamerlynck 2007).

River discharge is highly variable between years 
and, within a year, often characterized by multiple 
flood peaks that sometimes wash away all planted 
crops. Still, these losses are largely compensated 
for by high yields in the subsequent “mlao” culti
vation, high fish yields and productive ecosystems 
in general (Duvail and Hamerlynck 2007). Long
term trends are hard to assess, as reliable discharge 
data at Stiegler’s Gorge only exist between 1957 and 
1984. Annual rainfall in the lower floodplain is also 
highly variable, both temporally (average between 
1923 and 2005 about 860 mm, but varying between 
450 and 1350 mm) and spatially. Drier conditions,
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in terms of both discharge and local rainfall, seem 
to have prevailed since the late 1990s (Duvail and 
Hamerlynck 2007), with the notable exception of 
the 1997/98 El Niño-related floods (Erftemeijer and 
Hamerlynck 2005 ).

The agricultural potential in the Rufiji floodplain 
has been described by Hamerlynck et al. (2010b). 
The inhabitants of the floodplain practice a peas
ant economy with, as its basic unit, the household, 
which derives most of its staple food from agricul
ture. Households provide their own manual labour 
to cultivate and harvest one or a few plots of about 
4000 n r  each. Ideally, these are spread out across 
the floodplain to cover a range of elevations, thus 
improving the chances of success under various 
flood/rainfall combinations. A major part of the pro
duction, essentially maize and rice, is destined for 
household consumption, but, especially in favourable 
years, part may be sold for cash. Other sources of cash 
are sesame and cashew nuts, but also a wide range of 
non-agricultural activities. Thus, over 50% of house
holds in the floodplain practice some form of fishery, 
and it is a close second to farming as an income- 
generating activity, including subsistence (Turpie 
2000). Fish, produced or bought, constitute the main 
source of animal protein for the vast majority of the 
population, e.g. in the average household around Lake 
Zumbi (a small quantity of) fish is present in 40% of 
the main meals (twice a day), while meat is present 
only in 1.4% (J.-L. Paul, unpublished data).

Total fish production, though highly variable 
depending on the year’s flood characteristics, is esti
mated at between 5500 and 7500 metric tonnes of 
fresh fish (Turpie 2000). Some fresh fish is consumed 
locally, but most of the catch is smoked and dried for 
road transport to markets and towns to the north and 
south of Rufiji District (Richmond et al. 2002), where 
demand for cheap animal protein is high. Peak flood
ing (and fish reproduction) usually occurs between 
March and May. A first peak in fish production occurs, 
when water recedes and catchability increases, in 
July-September (when there is also a lull in agricul
tural work after the rice harvest in June and before the 
preparation of the fields for the October short rains). 
A second peak occurs in December-January, when 
the lakes have drawn down and juveniles of the year 
reach harvestable size. This is also the main season 
for export of fish, as road conditions are compara
tively favourable in between the two rainy seasons 
(Richmond et al. 2006), i.e. before the harvesting 
of the “short-rains” maize and the planting of the 
“long-rains” rice. Fishery studies in the Lower Rufiji 
were conducted by Hopson (1979) and, in addition to

providing the first species lists, already pointed out the 
vulnerability of the lakes and the fisheries to changes 
in the hydrograph, should the Stiegler’s Gorge dam be 
constructed.

MATERIAL AND METHODS

The general principle of data collection in the 
study area is through village-based recorders trained 
through the REMP and subsequently through the 
IRA-IRD-IFRA research partnership. The recorders 
are supervised by a trained local research assis
tant with backstopping from district technical staff. 
When funds are available, feedback sessions to col
lectively analyse the results and their livelihood impli
cations are organized with the recorders, district 
staff, researchers and staff from technical depart
ments at ministry level. These feedbacks have allowed 
improved collective understanding of the functioning 
of the lakes, as the observers present the data of each 
lake and interpret rises and falls of the lake levels, 
appearance and disappearance of fish species in the 
catches, and jointly discuss additional observations, 
e.g. on rainfall, connections with the river and inflow 
from the upstream catchment.

Fishing data

Data of freshwater fisheries were collected at the land
ing points of the main floodplain-associated lakes of 
the Lower Rufiji between May 2000 and March 2009, 
with varying intensity and spatial cover (Table 2). 
Each lake has its own team of two trained fish 
recorders from a nearby village. Each record repre
sents the catch of a single fishing operation, most 
commonly a single dugout canoe operated by two 
fishers at night, usually for about 10-12 h (up to 
about 24 h). For each sampling month, eight days 
were chosen at random and, during a few hours (the 
busiest landing hours, usually starting at sunrise), the 
contents of a number of canoes are analysed. Data 
recorded include: the number of canoes participating 
in the operation; the number of fishers per canoe; the 
fishing time (start, end); the gear/equipment (type, 
number, mesh or hook size); and the catch (total 
number of fish, total value, total weight, number and 
weight per species, individual fish lengths— often a 
sub-sample of up to 30 individuals per species). The 
data on the monetary value of the catch are, there
fore, not collected from markets, but are estimates 
made by the fishers themselves on the basis of species 
composition, size and weight, should they choose to 
sell the entire catch in its fresh state.
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Table 2 Number o f fisheries records for the various lakes.

Lake M ay-A ugust
2000

M ay-Septem ber
2002

M arch-Septem ber
2003

N ovem ber 2 0 0 5 - 
M arch 2009

Umwe 56 118 68 18
Uba 201 85 94 47
M tanza 97 73 94 576
Ruwe 37 97 60 32
Zum bi 60 111 83 507
Weme 127 176 113 62
Ilu 49 77 95 62
Lugongwe 28 164 89 0
Total 655 901 696 1304

The database analysed for this paper con
tains information on some 300 000 fish from over 
3500 records (Table 2), i.e. an average of about 
100 fish per catch, ranging from zero to (very excep
tionally) several tens of thousands. After the end 
of the REMP, the monitoring concentrated on two 
lakes in the most drought-prone western floodplain, 
Lake Zumbi and Lake Mtanza. Two comprehensive 
surveys were conducted in the other lakes (except 
Lugongwe, where there are issues with the reliability 
of the data) following the substantial 2008 flood peak, 
namely in July-August 2008 and February-March 
2009. In Lake Umwe there was no fishery in July- 
August 2008, so it was decided that the fish recorders 
themselves would go out fishing in February-March 
2009.

The survey method used misses out on important 
types of fishing, such as the trap fishing for catfish on 
the (cultivated) floodplains, or the mosquito-net fish
ing for juvenile shrimp (probably Macrobrachium) in 
the flooded grasslands (often practiced by women and 
children). It also does not cover fishing sites outside 
of the lakes, such as in the main Rufiji River and 
in temporary floodwater courses in the floodplains 
(that require specific fishing skills because of the cur
rent). Other fishing areas exist to the west of the study 
area, inside the Selous Game Reserve, but accessing 
these resources is very risky and several fishers have 
been arrested, wounded or even killed when caught 
trespassing (J.-L. Paul, unpublished data). Still, for 
most of the year, and for most young men that would 
mention fishing as an important activity in their time 
budget, the lakes are the primary fishing site. Teams 
of “migrant” (not originating from the villages closest 
to the lakes), full-time fishers also operate in the area, 
concentrating mostly on the lakes close to the main 
road and the town of Ikwiriri (J.-L. Paul, unpublished 
data).

The data from each canoe are considered as a sin
gle record and, for most types of analysis, all records

from a single month are pooled. For example, for the 
analysis of the livelihood aspects, the IPHF for each 
month was calculated as the average net income (in 
US$, corrected for exchange rate fluctuations of the 
Tanzanian Shilling) per fisher per hour of fishing.

Hydrological data

In order to assess the vulnerability of the lakes to 
changes in the flood hydrograph, water-level data 
were collected along similar lines to the fisheries data, 
with village-based recorders doing daily readings of 
the stageboards installed in the floodplain lakes in 
2001. River stage data are recorded three times a day 
at Mloka, a long-term monitoring station on the main 
river at the upstream edge of the floodplain (Fig. 2), 
that is part of the national hydrological grid. A sim
ple water balance model has been developed for the 
floodplain lakes (S. Duvail, unpublished) and was 
used to calculate the number of days and the volume 
of inflow from the river (expressed as a percentage of 
the volume of the lake before the connection) in the 
various hydrological years (between 1 October of year 
N  and 30 September of year A + l) . These data have 
been used as a proxy for hydrological connectivity, 
even though the number of days of inflow (from the 
river) is not exactly the same as the number of days 
of connection between the river and the lake (which 
allows active migration to occur in both directions), 
but both numbers are very closely correlated. In any 
one hydrological year, there are, at most, a few extra 
days of connection without flow when water levels 
are identical in the lake and the river and, for each 
connection, a few hours of outflow from the lake to 
the river.

Limnological data

Comprehensive limnological surveys were conducted 
in most of the Lower Rufiji lakes by Pijnappel (2002),
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and repeated in October 2008. Lakes Ruwe and Uba 
were intensively monitored between 2002 and 2004 
(Mwaitega 2003, Lamtane 2008). Conductivity mea
surements were conducted sporadically in the lakes 
throughout the study period. Because of the dif
ferences in conductivity between the inflow from 
the local catchments and those from the river, the 
data provide a village-observer independent check on 
the occurrence of hydrological connections. During 
these surveys, the cover of the floating Nile cab
bage, Pistia stratiotes, is visually assessed, as it can 
develop closed mats that create problems for fishing 
operations (Howard and Hartley 1998).

RESULTS 

Fisheries and floods

Over 40 species have been recorded in the catches, 
but only about 30 “categories” are recognized. For 
example, all the Mormyridae, probably at least five 
hard-to-distinguish species, are grouped together, as 
the local names are too variable between the lakes to 
ascertain specific status. For most other species, even 
though the local names can differ between north and 
south of the river, or between the western and the 
eastern parts of the floodplain, there is a one-to-one 
relationship between the local and the scientific name. 
Some 40 different types of fishing gear were recorded, 
but most of these are variations on a few themes and, 
broadly, the gear (from the fishers’ point of view) can 
be classified as:

-  Active gear, usually comparatively “non- 
selective”, such as relatively small-mesh (less 
than 50.8 mm) seine nets, or cast nets (both 
considered “illegal” ), but there is also a more 
selective hook-and-line fishing (legal), all oper
ated from canoes. Such gear requires the full 
attention and, for the seine-netting operations, the 
strong, physical involvement of the fishers, and 
this precludes combining fishing with agricultural 
work. In fact, the operation of seine nets, which 
also requires beating the water to chase the 
fish into it, is almost exclusively limited to fit 
unmarried young men, the only social subgroup 
that has full-time fishers (J.-L. Paul, unpublished 
data).

-  Passive gear, usually more selective than the pre
vious type, i.e. various types of gill-nets (minimal 
legal mesh size 63.5 mm, but raised to 76.2 mm 
in 2010). This type of equipment can be put out 
in the evening and fish collected in the morning.

Surveillance to prevent poaching of the catch by 
other fishers is advisable, as is the lifting of the net 
every few hours to prevent crocodiles or preda
tory fish from consuming the catch. As the fishers, 
who usually stay in a fish-smoking camp with a 
view of the lake, can rest in between checks of 
the nets, they are capable of doing agricultural or 
other work during the (rest of the) day.

-  Semi-active gear, especially surrounding nets 
operated from the canoe and bottom-set lines 
with hooks targeting catfish (often combined with 
another fishing technique). These techniques usu
ally require the fishers to stay in the canoe to 
interact with the gear at regular time intervals, 
but are less physically demanding than the active 
gear and allow for some other work to be done 
afterwards.

In general, one can say that passive gear is used 
when the water level is high and fishery is produc
tive, while active gear is used when water level is 
low and also when fish have become rare and are 
not easily caught with passive gear. For example, 
between November 2005 and March 2009, fishing in 
Lake Zumbi used about 54% active, 42% passive and 
4% semi-active gear, while in the much smaller and 
shallower Lake Mtanza, where one could often wade 
across even the deepest parts in the dry season, 82% 
was active, 7% passive and 11% semi-active. Other 
factors, such as the need for agricultural work (clear
ing, hoeing, planting, harvesting), and the risk of a 
district clampdown on “illegal” gear, do come into 
play in gear choice.

Catch composition is dominated by a few 
species, or species groups, but is highly dependent on 
the connectedness of the lake (Fig. 3 ). During the very 
strong flood peak of late April 2002 (6.41 m on the 
Mloka stageboard, i.e. about 5 m above the dry sea
son level), the Rufiji River was 10-15 km wide and 
all the lakes connected and had inflows from the Rufiji 
River for anything between 13 and 45 days (Table 3). 
Over the following five months, the catch composi
tion, expressed as number of individuals caught, was 
very similar across all the lakes (Fig. 3(a)), and could 
be divided broadly into four groups:

-  Cichlidae (13-29%), almost entirely Oreochromis 
urolepis (99%);

-  Alestidae (14-35%; except for Lake Umwe, 
which had only 3%) composed of Brycinus 
affinis (60%), a mix of Brycinus huberi and 
Alestes stuhlmanni (21%), and Hydrocynus vitta
tus (19%);
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(February-March), expressed as the % o f total catch (number o f fish) per family.

-  Citharinidae (13-31%), predominantly Cithari
nus congicus (79%) and Distichodus petersii 
(21%, but there might be a mix with Distichodus 
rufigiensis in some lakes); and

-  A number of other families (28-54%), mostly 
“catfish”, such as Clarias gariepinus (8-31%), 
Schilbe moebiusii (5-13%, except Lake llu only 
1%); Bagridae (maximum 4% in Lake Weme) 
with Bagrus meridionalis (90%) and B. ori
entalis (10%); Cyprinidae (maximum 28% in 
Lake Zumbi), essentially Labeo congoro and

the occasional Barbus oxyrhynchus; Mochokidae 
(maximum 7% in Lake llu), mainly Synodontis 
rukwaensis, Gobiidae (maximum 6% in Lake 
Umwe) with mostly Glossogobius giurus (66%) 
and Favonigobius reichei (34%); Mormyridae 
(maximum 4% in Lake Weme); three species 
of Anguilla (A. mossambica, bengalensis and 
bicolor).

In 2008, the highest flood peak since 2002 
(5.65 m on the Mloka stageboard, 0.76 in lower than
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Table 3 Flood characteristics for the seven “hydraulic years” (1 October year N  to 30 September year /V +1 ) monitored with 
the height o f the flood peak on the Mloka stageboard; number o f days the different lakes received inflow from the Rufiji 
River; the percentage of lake volume that this inflow represented; and the total number o f inflow days over the 7-year period.

H ydraulic year Flood peak  at N o. o f  days inflow from  Rufiji R iver /  inflow as %  o f  lake volum e

Umwe Uba M tanza Ruwe Zum bi Weme llu

2001-2002 6.41 13d 84% 25d 71% 17d 85% 32d 88% 38d 57% 45d 69% 43d 77%
2002-2003 4.83 0 0 0 0 d 0.5% 5d 40% 23d 14%
2003-2004 5.36 0 0 0 0 d 19% 14d 67% 19d 68%
2004-2005 4.61 0 0 0 0 d 1% 5d 48% Id  5%
2005-2006 5.45 0 0 Id  0.8% 0 8d 15% 9d 56% 5d 37%
2006-2007 5.59 0 0 Id  2.6% 0 51 d 56% 29d 77% 52d 78%
2007-2008 5.65 0 0 lOd 13% 4d 7% 19d 40% 23d 48% 5 Id  80%
N um ber o f  inflow days in  7 years 13 25 29 36 127 130 194

Table 4 Numbers of fish caught per lake, number o f “species” (or species groups such as Mormyridae or Anguilla spec. ) in 
the catch (May-September 2002 and combined for July-August 2008 and February-March 2009), and conductivity in the 
lakes (August 2002 and October 2008).

Umwe Uba M tanza Ruwe Zum bi Weme llu

Fish catch 2002 6752 6789 1261 3660 2375 6557 2048
N o. o f  “ species” 16 13 14 15 18 16 14
C onductivity (|xS /cm ) 3432 313 153 165 156 98 110

Fish catch 2008-2009  749 25 670 2140 48 099 5458 19 853 55 338
N o. o f  “ species” 11 6 6 16 16 17 16
C onductivity (|xS /cm ) 19 700 1,332 255 206 219 85 115

the 2002 flood peak), connected almost all lakes again 
(except Uba and Umwe) with Lake Ruwe reconnect
ing for the first time since 2002 (Table 3). The catch 
composition of the lakes that connect every year— 
Zumbi, Weme and llu—is rather similar in 2008 
(Fig. 3(b)) compared to 2002, though some groups 
such as Clariidae and Schilbeidae were more abun
dant in 2002. The same is true of Ruwe, even though 
it only connected for a few days in 2008. In con
trast, Lake Mtanza, that connected in four years out 
of seven (but, on two occasions, this was only during 
a single day), has a catch composition that resem
bles that of the badly-connected lakes Uba and Umwe, 
with a strong dominance of Cichlidae, almost exclu
sively Oreochromis urolepis.

In 2008-2009, the biggest difference in catch 
composition between the badly-connected and small 
lakes Uba, Umwe and Mtanza, in comparison to much 
larger lakes Ruwe and Zumbi, and the much better 
connected Weme and llu, is in the Alestidae and the 
Citharinidae, which have virtually disappeared from 
the former (Fig. 3(b)).

When one compares the number of “species” 
in the catches (Table 4) in 2002 with those in 
2008-2009, a similar picture emerges, with a strong

decline in the number of species in lakes Uba and 
Mtanza, in spite of similar or much larger sample 
sizes. Lake Umwe has kept quite a high diversity in 
spite of a very small sample size in 2009, but that 
lake has very different characteristics from the other 
lakes (e.g. very high conductivity, Table 4), and fish
ing for human consumption has been abandoned in it 
for several years. In July-August 2008, there was no 
fishing activity, and the February-March 2009 sample 
was in fact an experimental fishing exercise by the fish 
recorders themselves. According to the locals inter
viewed in April 2008, “there are no fish in Umwe 
because it receives only rain water; the lake is shal
low because of the drought that has lasted for 4 years 
now; there are a lot of algae and the fish taste foul”. 
The other lakes seem to have kept their diversity 
even though the sample sizes (except for Zumbi) are 
not really comparable. Conductivity has also gone up 
substantially in Lake Uba (Table 4). Conductivities 
in Lake Ruwe fluctuated between 400 and 550 
|xS/cm before the 2008 reconnection brought it down 
again. Conductivities in the well-connected lakes 
Weme and llu are always close to those in the 
Rufiji River, which fluctuate between 80 and 110 
|xS/cm.
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IPHF and connectivity

Looking at the income per hour of fishing in 
2008-2009 (Fig. 4), some trends are discernable with 
IPHF significantly higher in lakes Ruwe and llu than 
in Umwe, Uba and Zumbi. The IPHF in llu is also 
higher than in Mtanza. However, the IPHF in com
paratively well-connected Lake Zumbi is significantly 
lower than in Mtanza, Ruwe, Weme and llu.

There is therefore no straightforward correla
tion between connectedness and IPHF. In fact, when 
one considers the evolution of IPHF in Lake Zumbi 
between November 2005 and March 2009 (Fig. 5), 
the IPHF varies little around its average of 0.23 ±

0.05 US$/fisher/hour and there is no obvious corre
lation with connectedness. Significant differences in 
IPHF are only recorded between the very low val
ues in late 2005 and early 2006 (after only two days 
of connection in March 2005, representing an inflow 
of about 1% of the lake volume at the time) and 
some of the high values between July and September
2006 (after an inflow in April 2006 of about 15% of 
the lake volume at the time), and, in particular, the 
exceptionally high value of May 2007 (after the very 
substantial inflow during a total of 51 days between 
December 2006 and March 2007, representing about 
56% of the lake volume at the time). July and October
2007 and March 2008 (during another substantial

IPHF ($US/fisher/hour)
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Fig. 4 Average income per hour of fishing (IPHF in US$ per fisher per hour), with 95% confidence limits, in the various 
lakes for the combined surveys o f July-August 2008 and February-March 2009.

IPHF ($US/fisher/hour)

0.6

0.4

0.2

Inflow from the Rufiji River
- 0.2

r -  CM CO V  W  (flO O O O O O h- CO
° l  ° l

cy> o
o  T-

r -  CM CO ' f  LO «Oo  o  o  o  o  o h - 00

° l  ° l
cy> o
O  T -

r -  CM CO ' f  LO «Oo  o  o  o  o  o h - 00

° l  ° l
cy> o
O  T -

T -  CM COo  o  o

F ig. 5 Average income per hour o f fishing (IPHF in USS per fisher per hour), with 95% confidence limits, for Lake Zumbi 
between November 2005 and March 2009. The inflows from the Rufiji River are marked in grey.
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inflow during 19 days and representing about 40% of 
the lake volume at the time, Table 3) also have sig
nificantly lower IPHF than during the aforementioned 
high IPHF months.

IPHF and fishing mode (type of gear 
and mesh size)

Income per hour of fishing is obviously not indepen
dent of the type of gear used. One does not expect 
that leaving a 88.9 mm mesh size gili net out for 
three hours will result in the same yield as four fish
ers spending three hours beating on the water and 
pulling a large 50.8 mm mesh seine net between two 
canoes. In Lake Zumbi, during the low IPHF period of 
November 2005-March 2006, fishing gear was almost 
exclusively illegal and predominantly active, so there 
was little scope for improving IPHF by a more inten
sive technique (Table 5). In May and June 2006, after 
the connection in early March and between 12 and 
20 April 2006, there is a predominance of legal fish
ing (active and passive) and IPHF stays low. Between 
July and November 2006, when IPHF goes up a notch 
(significantly so in some of the months), active ille
gal fishing is again the dominant mode. In December 
2006, illegal fishing was still dominant, but mostly 
passive. Between January and April 2007, during a 
series of substantial inflows, IPHF stays high while 
the fishing becomes predominantly legal and passive. 
The highest IPHF was achieved in May 2007 (signifi
cantly higher than in 10 out of the 12 months between 
November 2005 and October 2006, and than in 16 out 
of 21 months between July 2007 and March 2009), 
just after disconnection in May and was exclusively 
through active legal fishing (data from eight canoes 
only). From July 2007, when IPHF goes down to its 
average level of around 0.2 US$/fisher/hour, passive 
fishing techniques were predominant, and, in 17 out

of the 19 months until March 2009, legal techniques 
were dominant.

That the difference between using predominantly 
legal versus illegal gear is not without impact on 
the fish population can be seen from a comparison 
between the average size of Oreochromis urolepis 
in different situations. In the “crisis” period (only a 
very short connection and a very high level of “ille
gal” fishing) between November 2005 and December 
2006 in Lake Zumbi, average fish size was 17.74 cm 
(95% confidence limits 17.52-17.95 cm, N  =  2590), 
while during the “more relaxed” fishing (regular sub
stantial connections, predominantly “legal” fishing) 
in 2008 and 2009, average size was 23.87 cm (95% 
confidence limits 23.33-24.41 cm, N  =  1251). This 
difference of 6.1 cm may not seem impressive, but, 
for (). urolepis in Lake Mtanza, using the L W  relation
ship derived by Richmond et al. (2006) [W =  0.014 x 
Z3'1191, R2 =  0.9894, N  =  128), the average weight of 
the fish increases from 0.110 to 0.275 kg.

Fishing pressure

The data set does not contain any information on total 
fishing effort, e.g. the total number of canoes operat
ing in any lake at a given time; however, an indirect 
measure of fishing pressure (Welcoimne 1999) can 
be derived from the average fish size in the catches 
(as was done for Oreochromis urolepis to compare 
two fishing periods in Lake Zumbi after the small 
connections of 2005 and 2006 versus after the large 
connections of 2007 and 2008). When comparing the 
size of O. urolepis across all lakes for the combined 
July-August 2008 and February-March 2009 surveys 
(Fig. 6), the fish in Lake Zumbi are significantly larger 
than those in all other lakes. Average size in lakes 
Mtanza, Ruwe and Weme is significantly larger than 
that in lakes Umwe and llu. Fish in Lake Uba are sig
nificantly smaller than those in all other lakes, and, at

Table 5 Dominant fishing modes according to the distinct IPHF levels identified from Fig. 5, expressed as a percentage, and 
the total number o f records (semi-active fishing is marginal over this time period, with only 14 records in total, and only 
2 months with more than 1 record so not included in the table).

Active Illegal Active Legal Passive Illegal Passive Legal N

N ovem ber 2005-A pril 2006 69 2 25 5 64
M ay and June 2006 29 35 6 29 17
July-N ovem ber 2006 78 5 12 5 41
D ecem ber 2006 14 0 71 14 7
January-A pril 2007 13 31 5 51 39
M ay and June 2007 0 80 13 7 15
July 2007-M arch  2009 16 17 24 43 255



To connect or not to connect? Floods, fisheries and livelihoods in the Lower Rufiji floodplain lakes, Tanzania 1447

25

Fish length in cm

20

15

10
Umwe Uba Mtanza Ruwe Zumbi Weme llu

Fig. 6 Average size o f Oreochromis urolepis, with 95% confidence limits, in the various lakes for the combined surveys of 
July-August 2008 and February-March 2009.

14.1 cm, the average weight of the fish caught is only 
0.054 kg.

DISCUSSION

In the Lower Rufiji, the past decade has been charac
terized by an unprecedented series of dry years with 
2003,2004,2006 and 2007 totalling less than 600 mm 
rainfall in Utete (all four are among the 10 driest 
years since 1923), and 2000, 2001, 2002 and 2005 all 
totalling less than 730 mm, well below the long
term average of 860 mm (1923-2008). This local 
drought was accompanied by a series of low flood 
peaks, which led to severe food insecurity in the Rufiji 
District, requiring the distribution of some 500 t of 
food aid in 2003 and 2006 (A.B. Mwakalinga, unpub
lished data). The western floodplain was especially 
hard hit, partly because the 1997-1998 El Niño- 
related floods (Erftemeijer and Hamerlynck 2005) 
deposited vast quantities of sand in the lowest-lying 
and normally fertile areas around the main river bed, 
and also because a man-eating lion (Baldus 2004) 
caused people to abandon their farms south of the 
river. These became overgrown and have only recently 
been re-opened to cultivation. In addition to agricul
tural food insecurity, the fish provisioning ecosystem 
service was affected, as can be seen from the low 
income per hour of fishing (IPHF) in Lake Zumbi 
during late 2005 and early 2006 (Fig. 4), in spite 
of the near ubiquitous use of active illegal fishing

gear, requiring a major physical effort by the fish
ers, probably because of the reduced connectivity of 
the lake. In addition, Lake Uba, which used to pro
vide drinking water for Ikwiriri town, has become too 
saline, necessitating the establishment of boreholes to 
supply its 15 000 inhabitants. The characteristics of 
Lake Mtanza, in spite of occasional short connections, 
have changed (e.g. it became increasingly covered 
with Pistia stratiotes) and fisheries virtually came to 
a halt there (since September 2007) even before the 
lake dried out completely in August 2010. Fishing 
in Lake Umwe was halted before 2008, because 
the fish tasted foul. The three badly-connected and 
small lakes (Uba, Mtanza and Umwe) also lost a 
major part of their fish biodiversity across a range 
of flood-dependent species, most prominently in the 
Alestidae and the Citharinidae, including the vulnera
ble Distichodus petersii (Hanssens 2006). The fishery 
in those lakes is very strongly dominated by a sin
gle species, Oreochromis urolepis, which seems to be 
highly tolerant of a wide range of conditions. Still, 
such a reduction in biodiversity may indicate a loss 
of resilience in the system, with an increased risk of 
regime shift (Folke et a l  2004). As one progresses 
from west to east, the lakes become more vulnera
ble to salinization (Table 4), probably because of the 
proximity of saline groundwater. The smallest lakes 
are also at risk of drying out completely. This hap
pened to Lake Mtanza in 1996, and to Lake Uba in 
the 1930s (after which a canal was dug to reconnect
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it to the floodplain); in August 2010 both lakes were 
again dry.

The number of species in the Rufiji floodplain 
fishery is lower than in other tropical systems, e.g. 
in Bangladesh (Craig et al. 2004), but the range and 
the temporal and spatial variability in fishing areas, 
techniques, equipment, as well as in the social and 
economic spectrum of the fishers and the traders, and 
in their resource-use calendars, is still overwhelm
ing. This precludes a traditional stock and maximum 
sustainable yield approach, even if near-unlimited 
research funds for experimental fishing would be 
available. More pragmatic and indirect approaches to 
the links between hydrological characteristics and fish 
yield, such as the one expounded here, are therefore 
justified. The longevity of the linear and still largely 
unchallenged estimate of 40-60 kg fish yield/ha 
flooded derived from (reliable?) catch statistics in 
tropical floodplains by Welcoimne ( 1975) shows how 
difficult it is to improve on simple black-box correla
tions.

The survey method used here does not allow an 
estimate of total effort. Theoretically, this could be 
reconstructed through the levy on fishing raised by 
the lake-adjacent villages, but, as one village leader 
expressed it, “the cost o f  sending someone to col
lect the fees is higher than the income generated”. 
The levy records are therefore unlikely to be reli
able or complete. Visual estimates of the number of 
canoes operating, or of the set nets in a lake, can 
give some indication of activity, especially when fish
ing activity is virtually non-existent, as has happened 
in lakes Mtanza and Umwe over the past few years. 
However, according to Welcoimne (1999), fish size 
is one of the most powerful variables for the qualita
tive evaluation of fishing effort in complex, tropical, 
multi-species fisheries in inland waters. Thus, an indi
cation of fishing pressure can be derived from the 
average size of the Oreochromis urolepis, generally 
the most abundant fish in the catches, but especially 
so in the “badly” connected lakes Uba, Umwe and 
Mtanza, where water levels are low and catchabil- 
ity is high. The significant differences in size of O. 
urolepis in the various lakes and its variability over 
time demonstrate that only Lake Uba was heavily 
overfished in 2008-2009, and that substantial recon
nections, such as those that occurred in Lake Zumbi 
in 2007 and 2008, allow the fishers to reduce fishing 
pressure in comparison to the low-connectivity period 
of 2005-2006. Indeed, when fishing mode does not 
change, the IPHF will be determined by the interplay 
between lake productivity and catchability. During the

“crisis” situation in Lake Zumbi at the end of 2005, 
IPHF was low and constant in spite of a high effort 
by individual fishers. After the small connections in 
March and April 2006, IPHF increased. As catcha- 
bility increases at lower water levels, an increase in 
IPHF with constant (type of) effort and an increas
ing water level (of about 3.5 m), as occurred at that 
time, most likely indicates an increase in productiv
ity that can probably be explained by the inflow of 
the river water with its associated nutrients and bio
logical elements (e.g. fish intending to spawn in the 
floodplain lakes). The same holds, and to an even 
greater extent, during the connections in late 2006 and 
early 2007, as, between January and April, there was 
a major shift in fishing mode from illegal to legal and, 
again, an increase in lake levels of 3.6 m. The seem
ingly aberrantly low IPHF for Zumbi in July-August 
2008/February-M arch 2009 of Fig. 4 is therefore 
an indication of sustained productivity under lower- 
intensity fishing. In fact, in that period, fishing in 
the similar-sized but much less well-connected Lake 
Ruwe was 100% illegal and over 90% active, while 
in the very well-connected Lake llu the high IPHF is 
achieved with over 25% legal (but active) fishing tech
niques. Maintaining the flood pulse is therefore the 
key to a healthy species-rich fishery in the floodplain 
lakes of the Rufiji that provides some income to 
fishers at an acceptable level of effort.

During the period under study, the district fish
eries department implemented various management 
measures, such as imposing annual levees on canoe 
owners, regular clampdowns on illegal gear and mesh 
size, enforced closure of the lakes to fishing (March- 
June 2010), the introduction of a productive “tilapia” 
from fish farms and, most recently (2010), an increase 
of the minimum mesh size from 63.5 to 76.2 mm. 
As there is no indication that the Rufiji lakes are 
overfished, with the exception of Lake Uba, at least 
not in post-connection situations such as prevailed 
in 2002 and 2008, in spite of the ubiquitous use of 
“illegal” gear types and mesh sizes, these interven
tions do not seem to be evidence-based and may be 
related to a misperception and what is referred to as 
the “overfishing narrative” by Abbott and Campbell 
(2009) in relation to the “issue” of the use of mosquito 
nets for fishing in the Upper Zambezi floodplains. 
Compliance with fisheries regulations are a complex 
matter, and fines and the confiscation of nets have lim
ited impact (Eggert and Lokina 2010). Also, as can 
be seen from the survival and continued productivity 
of Oreochromis urolepis in increasingly saline, shal
low and murky lakes, such as Uba (the water often
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looks about as green as pea soup), there seems to 
be absolutely no need to introduce new species into 
the system and, should the introduction be success
ful, the negative impacts are likely to be substantial 
(Canónico et al. 2005).

CONCLUSION

There are clear links between hydrological connectiv
ity and the catch composition in the different lakes.

Small, badly connected lakes such as Umwe, 
Uba and Mtanza are most sensitive to the absence 
of regular connections. Catches in these lakes quickly 
become dominated by (). urolepis while only a hand
ful of other species can maintain themselves. In the 
larger lakes, such as Ruwe and Zumbi, a reasonably 
full complement of species can survive for longer 
time periods, even with irregular connections. In addi
tion to the loss of species, the productivity of the 
lakes seems to decline in the absence of connections, 
but user strategies compensate for this by increasing 
effort and reducing mesh size, thus sustaining a rather 
constant IPHF of between 0.2 and 0.6 US$ per fisher 
per hour of fishing, even in the overfished Lake Uba. 
Therefore, catch and, thus, income per unit effort are 
much more resilient than species composition. Still, in 
order to maintain income, fishers have to resort to the 
use of “illegal” gear and mesh sizes, potentially bring
ing them into conflict with the regulatory authority. 
Because of the active and labour-intensive nature of 
the fishing, this compensatory strategy also interferes 
with their capacity to do agricultural work.

The observed trends, which occurred during an 
unprecedented series (in the perception of the locals) 
of consecutive drought years, raise several issues in 
relation to the plans for the Stiegler’s Gorge Dam, 
and other potential changes in the hydrograph (cli
mate change, land-use change, increased abstraction 
upstream) that would reduce flood peaks and there
fore negatively affect hydrological connectivity. First 
of all, fish biodiversity may be affected, with the 
potential extinction of Distichodus petersii, and of 
other species dependent on lateral movements from 
the river into the lakes. Oreochromis urolepis seems 
very well adapted to the extreme conditions in the 
non-connected lakes, but the loss of species in the 
system increases the risk of a fundamental change 
in the functioning of the ecosystems (Folke et al.
2004), the outcomes of which are hard to predict. 
Currently, the system seems rather robust, but it is 
thought (Hopson 1979) that the replenishment of the 
lakes with each reconnection is possible only through

longitudinal migrations along the river because of 
the existence of a large and virtually unexploited 
“reservoir” in the numerous well-connected lakes of 
the Selous Game Reserve. However, this would also 
be affected by the construction of Stiegler’s Gorge 
Dam. Even if the dam were to operate with suffi
ciently large, managed flood releases, the expected 
river bed degradation downstream (Galay 1983) may 
quickly annul their positive impact. This will not 
only affect the fisheries, but also the entire bundle of 
flood peak-associated ecosystem services, with poten
tially dramatic consequences for the already highly 
vulnerable local livelihoods. For example, before the 
“drought”, the villages around the lakes produced sev
eral thousand litres of honey each year, an activity 
that came virtually to a halt, most probably because 
falling groundwater levels diminished the flowering 
of riverine forest trees.

Post hoc, the reaction of the authorities to the 
crisis situation seems misdirected: preventing people 
from adapting their fishing strategy in times of duress, 
while distributing food aid, seems rather absurd. With 
intense efforts (and there was no useful agricultural 
work to do anyway), fishers succeeded in extract
ing fish from both lakes Uba and Mtanza to support 
their livelihoods, as long as there was water in them. 
Having large dead fish rather than small dead fish in 
a dried out lake is not particularly biologically rele
vant. As soon as even a minimal flood reaches the 
lakes, the pre-crisis situation is rapidly re-established 
and the fishing mode is adapted to the new circum
stances, while the unconnected lakes have in fact 
become virtual monoculture Oreochromis fish ponds 
whose management (and mesh size regulations) can 
probably be left to the users. The local government, 
instead of taking up its new role of technical adviser 
rather than implementer of development, still seems 
to restrict its intervention to policing, thus preventing 
a constructive dialogue on sustainable development 
options such as brushwood parks (Richmond et al.
2006) or fingerponds (Lamtane 2008) that can poten
tially improve productivity in the lakes.

The results of this comparatively cheap village- 
based monitoring of key environmental variables, 
such as water levels and fisheries, over a longer 
time scale than the usual PhD project, demonstrates 
that there is scope for increasing levels of shared 
understanding of ecosystem service delivery that can 
directly benefit users. It is useful and important to 
widen the monitoring and the research to bundles 
of interlinked ecosystem services from the user per
spective as their response to varying scenarios is
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flexible. The development of the research master plan 
(Ochieng 2002) through a transdisciplinary approach 
(Tress et al. 2006) with strong participation of the 
local communities in the identification and prioriti
zation of issues to be investigated through action- 
oriented research is now bearing fruit. It can be hoped 
that funds from, for example, the climate change 
kitty can be used to support such initiatives with 
more regular and wider-reaching feedback sessions to 
the resource-using communities rather than only for 
high level national, regional and global “work”shops. 
One item that could be on the agenda is a collec
tive evaluation of the potential costs and benefits of 
a controlled opening to fishing on the eastern part 
of the Selous Game Reserve, in particular during 
the difficult pre-harvest seasons, in case of a suc
cession of years of floods that do not connect to the 
floodplain lakes. Also, obviously any impact of man
agement measures, such as further restrictions on gear 
and mesh size (currently based on the totally dif
ferent Lake Victoria fishery), temporary closure of 
lakes (which only makes biological sense when there 
is a connection), and the introduction of supposedly 
high-yield varieties of cichlids, should be discussed 
in advance, investigated scientifically, experimented 
on a small scale, and applied only on a consensual 
basis. A consensus-building approach to community- 
based fisheries management has been successfully 
implemented in Bangladesh and the Mekong Delta 
(Sultana and Thompson 2004), and this “sharing 
power” approach can be applied to conservation and 
sustainable use issues in general (Borrini-Feyerabend 
eta!. 2004).
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