7= JSAID

FROM THE AMERICAN PEOPLE

building
local
promise.

The Potential of Brush Parks for Enhancing Fisheries Production
and Management in Lakes Malawi and Malombe

FISHERIES INTEGRATION OF SOCIETY AND HABITATS (FISH)
AWARD NUMBER: AID-612-A-14-00004

y
A

Date: October 2017

Prepared by the University of Rhode Island
Coastal Resources Center in partnership with
Bosco Rusuwo, Daud Kassam, Maxon Ngochera,
Graham Forrester, Daniel Jamu and Essau Chisale

THE —
UNIVERSITY ==
or RHODE ISLAND E

S\I l ATE \ HOOL | €COAsSTAL
QURCEY
EANOGRAPHY Ly




COVER PHOTO:

Daud Kassam, URI, 2016. Fishermen at work in Lake Malawi, Malawi.

ACKNOWLEDGEMENTS:

This technical brief was compiled by the University of Rhode Island’s Coastal Resources Center in
partnership with Bosco Rusuwo, Daud Kassam, Maxon Ngochera, Graham Forrester, Daniel Jamu and
Essau Chisale.

CITATION:

FISH (2017). The Potential of Brush Parks for Enhancing Fisheries Production and Management in Lakes
Malawi and Malombe: A Technical Brief. USAID/FISH Project, Pact Publication, Lilongwe, Malawi: 41 pp.

DISCLAIMER:

Prepared for USAID/Malawi under Cooperative Agreement AID-612-A-14-00004 awarded to Pact and
entitled; the Malawi Fisheries Integration of Society and Habitats Project.

This document is made possible by the support of the American People through the United States Agency
for International Development (USAID). The contents are the sole responsibility of Pact, Inc. and FISH and
do not necessarily reflect the views of USAID or the United States Government.

CONTACT ADDRESS:

Pact Malawi, Pact Inc.

1st Floor, Amina House, 1828 L Street NW,

P.O. Box 1013, Suite 300,

Lilongwe, Malawi, Washington, DC 20036,
Phone: +265-1751220; +265-1751201, USA.

e-mail: infomw@pactworld.org +1-202-466-5666.

For more information on the report and FISH Project, please contact:
Dr. Daniel Jamu, FISH Deputy Chief of Party (Programs): djamu@crc.uri.edu
Dr. Elin Torell, Associate Coastal Manager: elintorell@uri.edu
Alan Brooks, FISH Chief of Party: abrooks@pactworld.org

Dr. Catherine McNally, Marine Research Associate: cgmcnally@uri.edu.


mailto:infomw@pactworld.org
mailto:djamu@crc.uri.edu
mailto:abrooks@pactworld.org

CONTENTS

EXECULIVE SUIMIMATY 1.teuireirecrescrccsessestssssssssssssessascssssessssssssssssssssssasssssssssssssssssssssssssassssssnssassnss 2
INUrOAUCTION cuaeeiiecnterecrecncecassscecoresscsssssessssssssssssssssssssssssscsssssssssssssssssssssssssssssssassssssssassssssasas 3
Objectives of the Study and Research QUestions ......ccccceceeuiiencencenncinnienireniseeiceeiceeceenceneees 4
METNOAS c.enieininiereirncererecrcncecassscncorecscsscssessssscsssssssssssssssssssssssssssssssssssssssssssssssssssasssssssssssssssasas 5
Focus group discussions and key informant intervieWs ..........ceeceeeereereerrenrerieereesenrenneeneesenseeseeseenenne 5

Site selection for water quality, zooplankton, fisheries data collection and brush park construction
.......................................................................................................................................................... 5

Lake MalaWi STTE ....cceuieeieeiieieeieeieetesteetestes e estestessesssesssesssesssesssasssesssasssesssesssasssesssesssasnees 5

Lake MalOImbe SITE ....coueevueeeeruirierienieniintestesiestetestesie et eteste st etessessesnteeessessesntessessesseessessessens 6

Water qUAlILY SAIMPING.....ccvicvirieeiriertereneetesteseseetestesteseetessessesssessessassassssssessassessesssassassesssessassassans 8
Z00PIaNKEON SATNPIINIE ...eecveierieerieeieeieeieeteeteeteeteeteereesseesstesssesssessaesssasssesssesssesssesssessaesssesssesssesssenseens 8

FiSh SAMPIINE .....eecteieniieiieierinietecene ettt st et ettt st stesse st st estessesst st essessesntessessessesnsensessassesnsessessanns 8
Results for Makanjira, Southeast Arm of Lake Malawi c...ccceceeieiieincieniennccesiessecessessecessessesesse 9
Focus group discussions and key informant interviEWs ........c.cceeeeeeieeieecieseeneeseeseeseeseesseesseesseenns 9

History and rationale for establishing the brush parks ..........cccccceoiineniininnnninnneene. 9

The role of brush parks in fish production or aggregation and the deterrence of illegal

1315 111 LU U PR URRPRUPRURRURRINt 9

Design, construction, placement, and operation of brush parks.......cc.cccccceveveeevnnninncncns 10

Catch composition in the brush parks ......c..cocceeieininenenneeeeeeeeeeeeene 10

The management of brush parks and related issues of governance..........cccceevveevveevenvennen. 11

Perceived ChallENZES ......cceecueiciiiciieiicieciectee et ete e te e ste e s see s saeeae s aessaessaessaesaassaaesaaennas 11

Limnological and Ecological FieldWOrk RESUILS ........cccceeerirrienienirieienieeeetesteseeeeseesseseeeeessessesseas 11
Physical CharacteriStiCS ....uieiiiiiriecieceeceeceece sttt ettt te e tesseessaeete s aessae e aeesaesae s aeessasnnas 11

WaALET QUALIEY c.veeeveeeiieeiieeiectecteetee ettt et e et e st e e e e s e e et e s e e e sae s e e e saessaaessesssasssasssasssansens 12

Depth profile temperatures, dissolved oxygen, specific conductivity, and salinity............ 13

NULTIEIIES .o eiieeeceieee ettt eecteeeeeeteeeeerteeeeebeeeeesssaeeeessseeeessaseeesssasesessssseesssaseennssseeesssseennssseens 13

PhytoplanKkion DIOIMASS. ......cueeiieuiiciiceiciectectecteee et et eereesteesseesseesseessessseessesssessssessaesseanes 14
ZOOPIANKEON.....cceieiieiiecieeteeteeteet et eeteee e e st es st es e esseeeseesseassaeessasssesssasssesssesssesssesssanssasssasseens 15

BENThic SUDSITALE ...cveevieeieiecieeeetetecieeeet et te et e e te e et stesse s e e e et e sesss e s estassasseessessansnsnes 16

FISRETIES ...ueeuteteiietetcteeteteteste ettt sttt ste st et esbe s s st et e b e sse e st et e sassasntesbessassesnsensansanaes 16

Results for Lake MalomDbe.....ccccueiieiieiieeieiiesiescacaessestescsessessesssssssssssssssascsssssssssssssssssssssasanss 20
Limnological and Ecological FieldWork ReSUILS .......cccccueeeuieciiicieiieeecceceeciecte e eee e saeeee e 20
Physical CharacCteriStiCS ....uieiieiieieeiecieeeeeteetes et ee et e et e st e s aesaesae s s esssesssesssessaesssasssans 20

WALET UALTLY .vevveeveeeieieeieeesteteseeeetesteste st et esteste s e e tessasse e e essassassesssansassasssessessassasseessensansens 21

NULTIEIES 1. veeverreecteeereeee ettt ettt e st e teestt e tt e se e s st e st e s st essaessaesssesssessaessaesssesssesssesssesssessaens 21

PhytoplanKkton DIOIMASS. ......cceciecieciiicieciecteeeecteste et et eereesteesreessessseessaesseessesssessseessassseenns 22
ZOOPIANKEONL....c.vevieuieieeieeeeetestesteseetestestesseetessessesseessassessesssessassassesssessassassesssessansessesssessansanns 23

FISRETIES ....veuteteetieteteeee ettt ste et e st et e st e st et e s besse s s et e sasseesaessansasssensassansassesnsensansanses 26

CONCIUSIONS «cuaniniinieiinienientecentessecsstessscsssessscssssssssssssssscsssssssssssssssssssssssssssssssssssassssassasssssssasas 30
Recommendations — future studies and management implicationsS......cccceceeieciececennecacennens 31
RO I CIICES ccueuieiereececececrecececassocececasscsesecassssecsssssssssssssnsssssssssssssssssassssssssssasssssssssssssssasassssssne 32
Appendix A: Empirical Findings from SEA STUdy ...cccciceiiiiuiiiiiieiiiiiieniicenieniecsssessecsssessesenss 34

Appendix B: Empirical Findings from Lake Malombe Study ......cccccceeruecrnecrnecireccrescrnncsnncses 36



PREFACE

This document has been written for technical staff at the District and National Government level working
on fisheries management so that they can be informed, identify follow-up research needs and management
activities as well as influence decision makers.
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EXECUTIVE SUMMARY

The use of brush parks has been suggested as a possible tool for managing the fish stocks in the Southeast
Arm of Lake Malawi and Lake Malombe. Brush parks are known to improve fish stocks either by
enhancing fish production or aggregating fish from stocks that are already available to capture fisheries.
These structures are privately owned which can help to create an incentive for the sustainable utilization
of fishery resources. Additionally, they may be used to help deter trawlers from pursuing illegal inshore
fishing.

This study was one of the first in Malawi’s lakes to offer empirical insights into some of the potential
benefits and costs of scaling up this management measure. This two-phase study engaged in paired
approaches to understand how brush parks are working in Lake Malawi and Lake Malombe: focus group
discussions with communities living on the shores of Lake Malawi and scientific monitoring of brush
parks in Lake Malawi and Lake Malombe.

The focus group discussions held with communities in Nkhotakota and Mangochi District shed further
light on the history of the indigenous deep-water brush parks, how they are constructed, harvested, and
managed as well as the types of challenges encountered by the users. Main challenges noted by the focus
group participants were that brush park structures can lose their anchorage, making them more
susceptible to drifting during periods of heavy winds, and they are periodically destroyed or swept away
by trawlers. The participants also noted that there has been a decline in the rate of brush park
construction because the community members are unable to invest more money into the brush park
efforts. The focus group discussion participants were split in opinion on whether the brush parks
enhance fisheries production by providing feeding, breeding, and nursery habitat or aggregate fish that
are attracted to the algae that grow on the brush park structures. While it was difficult for the fishermen
to make comparisons over time on fish harvests before and after the installation of brush parks, since
the fish stocks have generally been declining in this area over time, they did note that more fish are
currently caught within the brush park areas in comparison to areas without them. They also reported
that the brush park structures serve as an effective deterrent in the deployment of illegal beach and open
water seine nets since they become entangled with the wooden branches.

The scientific monitoring took place at existing brush parks in Lake Malawi and their associated controls.
In Lake Malombe, three new brush parks were created for this study. Unfortunately, those structures
disappeared before the third sampling during the fourth month, at which point fishers traditionally
would begin to see an impact from the structure. Based on the few data points collected, extensive
statistical analysis is not appropriate here. Environmental parameters were not systematically different
between controls and brush park sites. Generally, there were more fish per haul, more species per haul,
and different species present at brush park sites when compared to controls. In order to scientifically
establish these promising trends more research will be needed.



INTRODUCTION

Lake Malawi harbors one of the most diverse fish stocks in the world, most of which have evolved in this
lake within a relatively short geological timescale. Over the years, the fish fauna of this lake has
supported buoyant fisheries. The fisheries sector contributes substantially to the food security and
livelihood of millions of people in Malawi and supplies 4% to the Gross Domestic Product (GDP).
Capture fisheries directly employ nearly 60,000 fishers, and over 500,000 additional people are
indirectly involved in fish processing, fish marketing, boat building, and engine repair. In the 1970s,
fish provided 70% of the animal protein intake of the Malawian population and 40% of total protein
supply for the country (Mkoko, 1992; GoM, 2008). Fish is the main source of animal protein in the
country, contributing over 70% of the national dietary animal protein intake and 40% of the total protein
supply (GoM, 2018). According to the Malawi Government Annual Economic Report of 2008 (GoM,
2008) the per capita consumption of fish declined between 1963 and 2008 from 9.4 kg/person/year in
1990 to 5.4 kg/person/year. The decline was chiefly attributed to an increase in human population,
declining fish stocks and overfishing. This was by far lower than the recommended per capita
consumption by the World Health Organization (WHO), which ranges between 13 and 15
kg/person/year (GoM, 2009). Between 2008 and 2016 annual per capita fish consumption increased
from 5.4kg/person/year to 10.7 kg/person per year (GoM, 2016) largely due to increase in
Engraulicypris sardella (Usipa) production. Within the shallower margins of southern Lake Malawi,
there is localized overfishing of many fish stocks due to excessive fishing effort linked to overpopulation,
unlimited access, increasing market demand and the widespread use of illegal gears. This has been
exacerbated by low lake levels resulting from climate change impacts, which have decoupled the linkages
between breeding fish and their breeding habitats in shallow waters (Bell et al., 2012). Overfishing has
resulted in the transition from a high value Chambo and other large species fishery to a low value fishery
dominated by Usipa. Usipa is known to respond quickly to environmental changes (Castro et al., 2017),
therefore environmental factors and climate change effects on nutrient cycling, food availability, and
temperature may also explain the observed transition of the fishery. This transition in catches has led
to substantial losses in fishers’ earnings and has created hardships in particular for financially small-
scale fishers who are too constrained by insufficient capital and gear to venture away from fishing in
shallow areas to harvest the relatively more abundant offshore fish resources.

Brush parks have been suggested in the Chambo strategy by research scientists, fisheries managers, and
local fishermen within Malawi as one potential method for helping to restore and enhance fisheries
productivity in the Southeast Arm of Lake Malawi (SEA) and Lake Malombe (FISH, 2015; Kaunda et al.,
2003). These structures, which range in size from a few square meters to several hectares, are designed
to mimic certain types of shorelines, shallow water, and reed bank habitats (Welcomme, 2002). The
ideal locations for brush parks include areas with moderate water currents located near outflow channels
that have muddy bottoms soft enough to allow branches to be driven in, but firm enough to retain the
installed branches. The brush parks are typically constructed from wooden materials, such as mango
(Mangifera indica), mkuyu (Ficus sycomorus), or m’binu (Sesbania spp.) trunks and branches, with
sand bags attached as an anchoring device to keep them in place once they are submerged in water.
Epiphytic organisms (aufwuchs), boring insects, molluscs, and crustaceans colonize the submerged
surfaces of the wood and the root system, and the decaying woody material which creates an enriched
bottom mud (Welcomme, 2002). Fish are in turn attracted to these trophically rich areas because they
offer a protected environment for feeding, breeding, and spawning.

While brush parks are a relatively new idea in Malawi, the use of brush parks in Benin dates back at least
two centuries (Hem, 1987; Niyonkuru and Laléye, 2010) and they have been widely adopted in many
tropical fisheries in Cameroon, Ghana, Ivory Coast, Nigeria, Sierra Leone, and Togo (Niyonkuru and
Laleye, 2010; Anis et al., 2015). Brush parks can either enhance fish production or merely serve to
aggregate fish from stocks that are otherwise already available to capture fisheries. Laleye et al. (1995),
Welcomme (2002), and Uddin et al. (2015) discuss the potential for brush parks to contribute to overall
fish production by increasing reproduction, fry survival, the availability of shelter for adults and overall
recruitment to the fishery when properly managed. Welcomme and Kapetsky (1981) observed that most
mature fish within the confines of brush parks were in breeding condition and documented the presence
of numerous juveniles and an overflow of fingerlings from the brush parks into the adjacent waters
suggesting a role as seed production sites. In contrast, Cressey (2014) argues that brush parks are



unsustainable over the long-term because they also attract non-target organisms that are in turn
harvested as bycatch.

The research to date suggests that the design of the brush parks and the frequency at which they are
fished may determine whether the enhancement or aggregation function predominates. For example,
fish production has been enhanced when the density of the branches within the brush park structure is
high and the fish are harvested over longer periods of time (Welcomme and Kapetsky, 1981). However,
shorter harvesting intervals have been found to decrease overall yields and reduce the functionality of
these structures to just fish aggregating devices. Studies examining some of the brush parks within West
Africa have documented high levels of productivity per unit area and increases in net production and
recruitment to the fishery (Welcomme, 2002). Other studies, however, have noted that brush parks
aggregate existing stocks, have a narrower composition of fish species, serve as a source of siltation, may
create oxygen sinks over time due to fluctuations in nutrients, and create social inequalities (Bene and
Obirih-Opareh, 2009; Niyonkuru and Laléye, 2010; Dedjiho et al., 2014). Brush parks have also led to
increased conflicts between brush park fishers and open water fishers in certain parts of the world either
due to competition for the same species and gear getting entangled and damaged by the brush park
structures. In addition, the construction and maintenance of brush parks can use a significant amount
of wood thus increasing the rates of deforestation.

In Malawi, preliminary trials in Lake Chilwa indicated that brush parks have the potential to yield
enhanced fisheries production between 0.01 to 3.8 kg/m2/yr (Jamu et al., 2003). The Environmental
Threats and Opportunities Assessment (ETOA) participatory rapid appraisals and follow-up preliminary
brush park scoping work conducted by the Fisheries Integration of Society and Habitat Project (FISH)
project in 2015, found that local fishermen in Madzedze, Makanjira, and Nkhotakota have been
constructing and deploying brush parks in deeper waters (~20 m) using tree branches and tree logs to
increase Copadichromis spp. (Utaka) and Rhamphochromis spp. (Mcheni) harvests while other
communities surrounding the SEA and Lake Malombe are interested in adopting this potential fisheries
management measure. However, reliable data on the effects of brush parks on fish productivity within
Lakes Malawi and Malombe is lacking.

OBJECTIVES OF THE STUDY AND RESEARCH
QUESTIONS

Two different types of ecological baseline surveys were conducted within the SEA of Lake Malawi and
Lake Malombe: (i) to assess the biophysical characteristics and productivity patterns of brush parks, and
(ii) to ascertain if these structures can serve as refugia, production enhancement devices (versus fish
aggregation devices (FADs)), and/or as fish sanctuaries or as effective silent policemen against trawlers
and beach and open-water seine nets. Additionally, focus group discussions (FGD) and key informant
interviews were conducted in communities around the SEA currently deploying the indigenous brush
parks to understand the history of these structures, why the communities are using them, and how they
are managed and protected by traditional authorities and laws.

The objectives of the study were the following:

1 To understand the history and role(s) of the indigenous deep-water brush parks, how they
function from a biological and ecological standpoint, how the indigenous brush parks currently
located within the SEA have been constructed and managed by the local communities, and what
is their contribution to production with a view to wider promotion of the system.

1 To experiment with shallow water brush parks, learning from literature and lessons from West
Africa, to develop an appropriate best practice for shallow water fisheries enhancement in Lake
Malombe, studying the succession in organisms and productivity with a view to develop them
to enhance production.

Specifically, this two-phase study sought to answer the following questions:
1 How are the local communities around the SEA of Lake Malawi constructing the indigenous
brush parks?
1 What is the history of these structures and why are the communities using them?



1 How are the brush parks managed and protected by traditional authorities and laws?

1 Can the brush parks serve as production devices (e.g., providing sources of refuge, food,
spawning and nursery areas, juvenile habitat for fish) or only as FADs?

1  Are the brush parks effective silent police for deterring the use of illegal fishing gear?

METHODS

Focus group discussions and key informant interviews

FGD and key informant interviews were conducted with 51 participants living along the shores of Lake
Malawi between July 2015 and June 2016 to gather their local ecological knowledge on brush parks as a
potential fisheries management tool. The participants, who were identified via fisheries scouts and
random inquiries at fish landing beaches, included 1 village head, 3 fishermen, 26 brush park owners,
and 21 Beach Village Committee (BVC) members from villages in Nkhotakota District (Chiluwa) and
Mangochi District (i.e., Matola and Mtondo at Fort Maguire, and Mchangani, Mpangama, Selemani, and
Silimanji in the area of Traditional Authority (TA) Makanjira). The 25 questions focused on the history
of brush parks in Lake Malawi, the original rationale for their establishment, their design, the species
composition of fish catches from the brush parks, management and governance issues associated with
brush parks, and the challenges and way forward regarding the practice of establishing brush parks as a
tool for managing fisheries stocks in these areas (Appendix 1).

Site selection for water quality, zooplankton, fisheries data
collection and brush park construction

Lake Malawi site

To augment the local ecological knowledge gathered during the FGDs and key informant interviews, a
team of researchers from Chancellor College, LUANAR, and the Monkey Bay Fisheries Research Station
(MFRS) gathered empirical water quality, zooplankton and fisheries data from brush parks already in
place within the SEA of Lake Malawi. Given that the Mchangani FGD participants indicated that the
availability of fish in the brush parks is seasonal and dictated by temperature of the water, a targeted
sampling program during the warm and dry summer (October-November), warm and wet summer
(December-April) and cool and dry winter (May-September) was planned to document the changes in
species composition and abundance. The initial plan was to sample at two brush park sites and two
corresponding control sites (i.e., Mchangani, a shallower site where the brush parks are located at
approximately 14 m depth, and Selemani, a deeper site where the brush parks are located at
approximately 56 m depth). Fish species composition and abundance were to be measured in each
season to ensure a full picture on how seasonality affects species richness and abundance in the brush
parks. However, strong winds and high waves made sampling at the Selemani location difficult, so only
fisheries data were collected at this site in May 2016. The location where the fish were sampled from the
Selemani brush park site was located approximately 8.4 km from shore. It is important to note that this
is only an approximation as the strong Mwera winds precluded the research team from reaching the
brush park site, so the fisheries data were gathered by sampling and measuring the fish that had been
caught in this area by the local fishermen once they returned to the landing beach. The Mchangani brush
park and control sites were sampled in May 2016, August 2016, and March 2017. Similar weather
constraints were encountered at the Mchangani brush park site in May 2016, so only limnological and
zooplankton data were gathered from that site during the May sampling campaign as the fisheries team
was unable to safely reach the brush park site. Limnological, zooplankton and fisheries data were
successfully collected at the Mchangani control site in May 2016. The Mchangani brush park and control
sites were located 7.72 km and 7.24 km, respectively, from shore with an approximate distance of 2.25
km between them (Figure 1).
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Figure 1: Location of brush park and control sites in the Southeast Arm of Lake Malawi

Lake Malombe site

The locations of the experimental brush park and control sites in Lake Malombe were selected following
consultation with the local communities and Chisumbi BVC members. It was decided to site them
offshore, away from the beaches to avoid potential conflicts with beach seining, in water ranging between
3 and 3.2 meters deep. The brush park sites were located 2.75 km and 3.33 km from Chisumbi Beach
while the corresponding controls were located 3.76 km (BP1 control) and 4.37km (BP2 control) from
Chisumbi Beach (Figure 2).

The brush park construction in Lake Malombe was done in June 2016, under the supervision and
guidance of two expert fishermen hired from Selemani beach in Makanjira, Lake Malawi. The brush
parks were constructed using mango tree branches, which is the same material used to construct the
brush parks in Makanjira. Several branches were tied together using nylon ropes and a bag of sand was
added to provide anchorage (Figure 3). On a single site, approximately 5-8 individual brush heaps were
cast and represented as a single brush park site, and a buoy was tied to the branches for easy
identification.
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Figure 2: Location of brush park and control sites in Lake Malombe; the distance between
the brush park 1 site and the closest shore is ~2.5 km; the distance between the brush park
2 site and the nearest shoreline is ~2.9 km; the distance between control site 1 and the
nearest shoreline is ~2.9 km while the distance between control site 2 and the nearest
shoreline is ~3.8 km

Figure 3: A team of fishermen from Makanjira and Chisumbi installing the brush parks
in Lake Malombe



The initial plan was to sample five times at the two brush park locations and two corresponding controls
to capture the initial baseline and four seasons in Malawi (i.e., cold, mixing season (May-Aug), transition
season (Sept.), dry, hot season (Oct-Nov), and the rainy season (Dec-April). However, the disappearance
of the brush park structures only a few months after the start of the experiment resulted in data only
being gathered in June, July, and October 2016. During all sampling campaigns, the brush park sites
were always sampled in the morning while the control sites were sampled in the afternoon. It is
important to note that the brush park structures could not be located in October, but sampling was still
conducted at all four sites as it was not known how recently the structures disappeared. The
disappearance of these structures limits the conclusions that can be drawn. The researchers suspect that
Kandwindwi fishermen may have dragged them away during their fishing operations. Some local
fishermen reported seeing remnants of tree branches floating in the lake while others reported seeing
the branches onshore at one of the beaches adjacent to Chisumbi Beach.

Water quality sampling

The intensity and attenuation of light in the lake was measured using an underwater quantum sensor
while water transparency was measured using a Secchi disk. Depth profiles of temperature, conductivity,
salinity, and dissolved oxygen were measured in the SEA of Lake Malawi using a Seabird
Conductivity/Temperature/Depth (CTD) profiler, and the data were processed using SBE
DataProcessing-Win32 software. CTD casts to gauge the temperature-depth profile were not conducted
at the Lake Malombe sites because of the large decline in water depth (0.3-0.6m) that occurred between
June and October.

Water samples from each sampling station were collected at the surface (om), 1m, 2m and, where
possible, 2.5m using a Niskin bottle water sampler. Approximately 1 to 2L of this sample was filtered
onto a GF/F filter for primary production analysis as chlorophyll a. Filters for chlorophyll a were
wrapped in aluminium foil and kept in a freezer before analysis. Extraction of chlorophyll a was done
using a mixture of acetone and methanol (Stainton et al. 1977) and analysed on a Turner Series 10
fluorometer. The filtrate from this sample was used to analyse for nutrient concentration, i.e. soluble
reactive phosphorus (SRP) in the form of orthophosphate which is the form of P that is readily available
for use by aquatic plants and microorganisms. Soluble reactive phosphorus was determined using the
molybdate-ascorbic method on a Jenway 6405 spectrophotometer at Chancellor College.

Zooplankton sampling

Zooplankton was sampled using a single vertical haul from 0.5 m above the bottom to the surface using
a 30 cm diameter Wisconsin (80 um mesh) Nitex plankton net. The volume of water filtered was
determined by assuming that the net filtered the whole volume of water column traversed with a
filtration efficiency of 0.93 (Irvine and Waya, 1995). Sample handling, analysis and determination of
zooplankton concentrations was conducted according to standard methods. A two-way ANOVA was
conducted to determine whether there were significant differences in zooplankton biomass between the
sampling sites and sampling dates.

Fish sampling

The research team followed the protocol outlined in Weyl et al. (2005), and worked with a team of 6-8
local fishermen who conducted three consecutive pulls at each location with a Nkacha open seine net
(mesh size 1 inch, 1200 m long). The total catch from each sample was weighed to the nearest kg. A
random subsample of the fish from the catch (at least 20% of the catch) was then selected. All fish in
the sub-sample were identified to genus or species level following Weyl et al. (2004), weighed (nearest
g) and measured (nearest mm, total length). Young fish that could not be identified to species level were
recorded as juveniles. The catch composition for each haul was determined by raising the mass of the
species in each sub-sample to the mass of the sampled catch. Large fish (= 30 cm TL) were first graded
from the catch and separately identified, weighed, and measured to avoid undue bias in determining the
overall catch composition by weight.



Chi-square tests were run to determine whether there were significant differences in the number of fish
species harvested between the brush park and control sites. Length frequency distributions and
comparisons of the mean fish size of the most dominant species in the catches were compared between
the brush park and control sites using the Kolmogorov—Smirnov two-sample test. The Shannon
biodiversity index measured within-patch diversity while Beta-diversity, as gauged by the Bray-Curtis
index, quantified the compositional dissimilarity between the brush park and control sites. The Bray-
Curtis index ranges from 0, when two sites have the same species composition, to 1, when the two sites
do not share any species at all (Faith et al., 1987). ANOVAs were also run to determine whether there
were significant differences in the number of fish species per haul and catch per unit effort between the
brush park and control sites.

RESULTS FOR MAKANJIRA, SOUTHEAST ARM OF LAKE
MALAWI

Focus group discussions and key informant interviews

The focus group participants and key informants included 1 village head, 3 fishermen, 26 brush park
owners, and 21 BVC members from villages in Nkhotakota District (Chiluwa) and Mangochi District (i.e.,
Matola and Mtondo at Fort Maguire, and Mchangani, Mpangama, Selemani, and Silimanji in the area
of Traditional Authority Makanjira). Each focus group discussion comprised an average of ~6 people
(6.4 #1.2). Nineteen males and eight females were involved in the discussion and interviews.
Unfortunately, the gender of the remaining 24 participants was not recorded.

History and rationale for establishing the brush parks

The construction of brush parks in Makanjira, which are locally referred to as virundu, commenced in
the early 1980s and peaked in the early 2000s. Some of the early adopters learned how to construct
brush parks via their interactions with immigrant fishermen from Nkhotakota. Others described
learning the technique from their parents who had observed that fishing adjacent to the large logs swept
into Lake Malawi via the Lilole River during the floods yielded consistently good catches. The logs
created substrate for algae to settle and grow on providing conditions conducive to attracting fish. Given
the tendency for the logs to drift away, their parents decided to create and secure similar structures to
ensure greater control, stability and continuation of the fisheries benefits they had observed. Some of
the FGD participants noted that they became interested in brush parks as a means for keeping
Copadichromis spp. (Utaka) inshore since these species serve as their main source of sustenance and
income.

The role of brush parks in fish production or aggregation and the
deterrence of illegal fishing

The FGD participants were split regarding their thoughts on the role brush parks play in fish production.
One group believes that the fish congregate around the brush parks because they provide feeding,
breeding, and nursery areas as well as refuge from predators, which boosts fish production. The other
group did not feel that the brush parks enhance fisheries production. Rather, they perceive them as a
last resort to try and attract fish for harvesting that come to feed on the attached algae (ndele) when
harvests in the lake decline. The FGD participants did believe that the brush park structures serve as an
effective deterrent in the deployment of illegal beach and open water seine nets because they become
entangled by the wooden branches. Given that there is not a lot of trawler activity in the waters
surrounding Makanjira, the FGD participants were unable to comment on their effectiveness of
deterring trawlers although conflicts and threats from trawlers in the past let to local discontinuation of
brush parks.



Design, construction, placement, and operation of brush parks

Brush parks are usually constructed by fastening together a series of shrub bundles and small tree
branches at the base and anchoring them to the lake bottom with sand bags ranging in weight from 25-
50 kg. Typically, the structures are constructed onshore and then transported to their deployment sites
by boat. In some instances, however, the raw building materials are ferried by boat to the designated
offshore sites where the construction takes place on site prior to their deployment. Mango trees
(Mangifera indica) are the preferred construction material, but mkuyu (Ficus sycomorus) or m’binu
(Sesbania sp.) trees are also sometimes utilized. The FGD participants noted that they utilize these
particular tree species versus others because of their durability and non-toxic chemical properties that
enable algal growth. The cost of setting up one of these types of brushpark typically ranges from 3,000
to 7,500 Malawi Kwacha (~$4.15-~$10.35USD). Another design of brushparks comprises a collection
of used giant fish traps (mono) and traditional-style granaries made of woven bamboo and shrub twigs
bundled together and anchored to a weight. The structure resembles an aggregation of underwater caves,
but the design has diminished in popularity over time because of its limited durability.

The specific depth that brush parks are set is not uniform and their placement is rather indiscriminate
outside of trying to space them at least 50 meters apart approximately 1km offshore. The FGD
participants reported a minimum depth of 14 m, a range of deployment depths (i.e., 15-20m, 38-40 m,
50-56 m, and 30-80om), and no preference for a particular type of lake bottom substrate. The brush parks
are generally not installed in shallower waters because the fishermen do not want to harvest breeding
utaka, which spawn inshore between November and December. The participants also noted that most
brush parks are installed ~1km from shore and then shifted further offshore by the fishermen when the
lake levels drop. In some instances, however, the locations of the brush parks were predetermined by
their grandparents who identified areas of the lake with high productivity, descriptively demarcated
these areas of the lake by depth, and then purposefully placed them there. Once established, the brush
park sites are identified again by using physical features and landmarks such as mountains and specific
trees on the shoreline to navigate to the site and glass or plastic bottles serve as marker buoys in the
water. Usually only a few people master the art of tracing exactly where the brush parks are located (i.e.,
out of a 10-person crew, it is typically only the two lead ‘signalers’ that can remember the exact site).

Most fishermen usually own between 3 to 15 brush parks, each consisting of two or three piles of tree
branches. The fishermen normally harvest one or two brush parks at a time by casting a seine net (mainly
Chilimira open water seines) around each brush park five to six times and pulling the net up-current
across the brush park structure. The fishing technique does not vary from one type of brushpark to
another. While some fishermen do not add anything to the brush park structures to promote the growth
of algae, others, particularly in Selemani village, add an initial 100kg of maize bran (in sacks) to the
brush parks during construction and then replenish the maize brand every six months during routine
rehabilitation to serve as a source of food for the fish. The maize is also sometimes dispensed via sinking
old canoes filled with the bran sacks.

Catch composition in the brush parks

The main catch reported by the fishermen from brush parks include the following species: Utaka
(Copadichromis spp.), Mcheni (Rhamphochromis spp.), Kampango (Bagrus meridionalis), Chambo
(Oreochromis karongae, O. squamipinnis, O. lidole) and Kambuzi (mostly sand-dwelling species of the
genera  Aulonocara, Lethrinops, Lethrinus, Otopharynx, Protomelas, Fossorochromis,
Pseudotropheus, Placidochromis, Trematocranus, and Tramitichromis). The FGD participants noted
that normally the harvested individuals are feeding adults and that no juveniles are captured. In
instances where juveniles dominate the catch, fishing is called off for some weeks to allow the fish to
grow to a larger size. The catches were reported to be mainly controlled by wind patterns and seasonal
in nature (i.e., the catch tends to be higher when the water is warmer before the fish migrate offshore
into deeper areas and during times of high rainfall). During times of good harvest, the fishermen
reported catching as much as 30-50 basins! of fish. It was difficult for the fishermen to make
comparisons over time on fish harvests before and after the installation of brush parks because the fish

1 A basin of fresh Utaka is on average equivalent to nine 5-litre pails, which is a standard measure for selling fish at
Malawian beaches. Each basin is sold for 3,000 Malawi Kwacha (~$4.15 USD) (Sungani, pers. com.).
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stocks have generally been declining in this area over time. However, they did note that in present times
that more fish are caught within the brush park areas in comparison to areas without them.

The management of brush parks and related issues of governance

The brush park structures are initially set up in September. They are left for at least a month, but in
many cases up to 3-4 months before any harvesting takes place. They are harvested either continuously
daily or on alternating days (e.g. Monday, Wednesday, Friday, and Sunday). Each fisherman has the
responsibility of managing and maintaining their brush park piles. In some instances, the brush park
structures are never repaired but many fishermen periodically add new branches to the pre-existing ones
once the leaves decompose or construct new ones to replace the decaying structures. Tree branches
and/or old broken boats are added on top of the existing structures to rehabilitate the brush park and
bags of maize bran are sometimes added to attract more fish. The FGD participants noted that the
augmentation usually occurs 2-3 months after the initial date of construction, but that some brush parks
can last up to 10 years before requiring any maintenance work.

The ownership of the brush parks is defined by the identity of the individual or group who sets up the
structure. Although there is little or no formal security for the brush parks, the fishermen do try to set
their brush parks up away from other ones to avoid conflicts and discourage poaching. The FGD
participants noted that it is very rare for fishermen from one village to go and fish at another village’s
brush parks because they know the boundaries of their village’s jurisdiction within lake. The village
boundaries, however, only extend one nautical mile from shore and not into to the deeper areas of the
lake. The brush parks are mainly utilized by those who set them up, but in certain circumstances non-
owners ask for permission to fish at these structures. When allowed, no fee is charged, but the visiting
non-owners are expected to give a token of appreciation in kind in form of part of the catch at the level
of their own determination. In instances where poaching occurs, the Beach Village Committees are the
first step in mediating the conflict. If the matter cannot be settled, then it is brought to the level of the
chief who customarily settled disputes related to any theft at a brush park. Although there are no formally
laid down punishments, the chief handles the case in accordance with the local traditional justice system
(e.g., confiscating the encroacher’s fishing gear). If it is determined that the fishing occurred by accident,
then no punishment is given as people understand it was an innocent mistake.

Perceived challenges

Although uncommon in the Makanjira communities since the operation of trawlers in this area is rare,
the FGD participants did note that the brush park structures are sometimes destroyed or swept away by
trawlers. To date, the fishermen have not attempted to modify their brush park structures in any way to
protect them from the trawlers because of concerns that these protective measures could inadvertently
damage their own fishing gear. Another challenge noted was that the brush parks can sometimes lose
their anchorage making them more susceptible to drifting during periods of heavy winds. The FGD
participants did note that there has been a decline in the rate of brush park construction because the
community members are unable to invest more money into the brush park efforts. Furthermore, for
those that can expand their brush parks, some noted that they are becoming limited by the area of lake
within their village’s jurisdiction remaining for such projects as they do not want to move into the
shallower inshore pockets of the lake where the fish breed.

Limnological and Ecological Fieldwork Results

Physical characteristics

The physical characteristics of the brush park and control site at Mchangani are summarized in Table 1
below.
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Table 1: Physical characteristics of brush park study sites at Mchangani, Lake Malawi

Parameter ‘ Mchangani Brush Park Site Mchangani Control Site
GPS Coordinates 13.7689°S, 34.9977°E 13.7497°S, 35.0035°E
Maximum depth (m) 12.0 — 14.0 10.0 — 12.0

Maximum wind speed (ms-1) 1.2-8.9 2.2-9.0

Average wind speed (ms-1) 0.6 —6.2 1.6 —7.2

Secchi disc depth (m) 3.5 — 7.0 3.0-6.5

Surface temperature (0C) 23.5 — 26.0 23.0— 26.5

Water quality

Light attenuation as measured by the extinction coefficient at the Mchangani brush park site and control
site are provided in Figure 4.
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Figure 4: Extinction coefficient (a) at Makanjira brush park study sites, Lake Malawi

High extinction coefficients signify increased turbidity and reduced water clarity. The extinction

coefficient ranged between 0.17 and 0.61 m~1with the highest and lowest levels values observed in March
and May, respectively (Figure 4). The control site displayed consistently higher extinction coefficients
compared to the brush park site, likely due to its closer proximity to the shore making it more susceptible
to periodic wave action and resuspension of bottom sediments. The windy season in Lake Malawi
normally starts from May and ends in September. This period is known for persistent Mwera winds
(south-easterly winds) that induce mixing of the lake, especially in the shallow areas, increasing
suspended material in the water column. The rainy season, which is characterized by soil runoff, starts
in December and ends in April. The increase in turbidity observed during the month of March is
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therefore probably due to sediments entering the lake from inflowing rivers and other non-point sources
within the catchment.

Depth profile temperatures, dissolved oxygen, specific conductivity,
and salinity

CTD casts were performed at the brush park and control site in Mchangani to measure temperature,
dissolved oxygen, specific conductivity, and salinity along a depth profile (Figure 5). Temperatures
varied with sampling date but did not change much with sampling site. The highest water column
temperatures were observed in the hot, rainy season (March) while the lowest values were measured in
the cool, winter season (August). These temperatures are comparable with previous results observed in
the lake and with season. Dissolved oxygen concentration at both the brush park and the control site
were close to saturation. Specific conductivity and salinity, a measure of the amount of dissolved salts

in the lake, ranged from 244.7 — 249.2 uSem™1 and 0.1185 — 0.1206 PSU, respectively. These values are

lower than what was observed in Lake Malombe but are comparable to earlier findings from other
studies conducted in Lake Malawi.
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Figure 5: Depth profiles of physico-chemical characteristics (temperature, dissolved
oxygen, specific conductivity, and salinity) at the Mchangani brush park and control sites
Nutrients

The concentration of soluble reactive phosphorus (SRP) at the Mchangani brush park and its control site
are provided in Figure 6. The concentrations ranged between 0.12 and 0.89uM and are comparable with
previous results from the lake. The control site had consistently lower concentrations than the brush
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park site. The concentrations were lowest in the hot, dry season (March) for both the brush park and
control sites.
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Figure 6: Soluble reactive phosphorus (SRP) at the Mchangani brush park and control sites

Typically, the open waters of Lake Malawi are characterized by low phosphorus concentrations, like what
was observed within the control site. Thus, the observed relatively high phosphorus concentrations at
the brushpark site suggest a new localized source of phosphorus. Potential sources include the
aggregation of fish pseudo-feces at the brush park site as well as the decomposition of some of the
materials used in the brush park construction.

Phytoplankton biomass

Phytoplankton biomass measured as chlorophyll a at the Mchangani brush park and control site are
displayed in Figure 7.
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Figure 7: Chl a concentration at the Mchangani brush park and control sites, with
standard deviation bars
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The concentration of chlorophyll a ranged from 0.717+0.03 and 1. 58+0.83 pgL-1. The highest
concentrations were observed in August while the concentrations in March and May were similar.
Although the chlorophyll a concentration varied with depth, the integrated sample (mean Chl a with
depth) did not change much between brush park and control site. Concentrations in the open waters of
Lake Malawi normally average around 1 pgL?, therefore, the estimated values at Mchangani are
indicative of moderately productive waters and characteristic of the southeast arm of Lake Malawi.

Secchi disks readings were generally low during the rainy season (March) and the cool, windy season
(August). In March, the Secchi disk depths were 3.1 m and 4.9 m at brush park and control site,
respectively, while in August the depths were 3.5 m and 3.0 m at the brush park and control site,
respectively (Table 1). This provides evidence of enhanced particulate material during these periods
probably due to runoff in the rainy season and mixing in the windy season. High Secchi disk depths were
observed in May, before the lake started mixing in the winter season.

Zooplankton

General zooplankton species composition and abundance at the Mchangani site are shown in Figure 8.
The zooplankton community comprised three species of copepod, Tropodiaptomus cunningtoni,
Thermocyclops neglectus, and Mesocyclops aequatorialis aequatorialis, two species of cladocera,
Bosmina longirostris and Diaphanosoma spp., rotifers and young stages of copepods, nauplii.
Chaoborus edulis and Chironomid made up a very small contribution. In May and August, the
zooplankton composition at the brush park site was dominated by nauplii (~80%) while in March,
nauplii contributed about 40% (Figure 8). The large calanoid copepod, T. cunningtoni, contributed
between 10 and 15% during each of the sampling months. A declining trend in overall contribution was
observed for T. cunningtoni and nauplii from May to August and then March. Contribution by the
cyclopoid, Mesocyclops aequatorialis aequatorialis, was very minor at all sampling dates. The midge,
Chaoborus edulis, was more important during the hot and rainy season (March) contributing over 30%
to the total zooplankton abundance. Contribution by the cladoceran species group was very minimal
except in March when the two species together they contributed about 15%.

Zooplankton species composition at the control site was also dominated by T. cunningtoni and nauplii.
The small-sized copepod, T. neglectus was only important in August, while the contribution of the
cladoceran, B. longirostris was eminent in March. Contribution by Chaoborus edulis was highest during
the rainy season (March) contributing over 15% to the total zooplankton abundance. As at the brush
park site, contribution by the cyclopoid, Mesocyclops aequatorialis aequatorialis was minimal.

Although zooplankton abundance seems to be relatively higher at the brush park site than the control
site, which may suggest greater food availability, there was no statistically significant difference between
them (F = 6.42, Feit = 18.51, p = 0.13). In addition, no significant difference was also observed when
compared with sampling date (F = 0.29, Feit = 19.00, p = 0.78).
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Figure 8: Zooplankton abundance (dotted line) and percent species contribution (stacked
histogram) at the Mchangani brush park site (A) and corresponding control site (B), Lake
Malawi

Benthic Substrate

The deposits covering the bottom of the study sites at Mchangani predominantly consisted of sand,
especially at the control site. In some cases a combination of sand, dead vegetative matter, snails, fish
bones and scales, and insect larvae were encountered.

Fisheries

An initial exploratory sampling of fish catches in the brush park site at Selemani and control site in
Mchangani was conducted in May 2016. Eleven species were harvested from the Selemani brush park
site (i.e., Aulonocara guentheri, Bagrus meridionalis, Copadichromis eucinostomus, C. virginalis,
Nimbochromis polystigma, Oreochromis karongae, Oropharynx argyrosoma, Placidochromis
subocularis, Protomelas similis, Pseudotropheus elegans, and Rhamphochromis longiceps) with the
two Copadichromis spp. (utaka) comprising ~48% of the catch by weight (Table 2).
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Table 2: Catch composition of the Selemani brush park site sampled in May 2016

Fish species identity ‘ Total Catch (g) % of total catch
Copadichromis virginalis 15876.2 38.5
Pseudotropheus elegans 7919.4 19.2
Nimbochromis polystigma 4535.2 11.0
Copadichromis eucinostomus 3867.8 9.4
Oreochromis karongae 2346.5 5.7
Aulonocara guentheri 1862.4 4.5
Bagrus meridionalis 1753.1 4.3
Protomelas similis 1239.6 3.0
Rhamphochromis longiceps 1046.0 2.5
Otopharynx argyrosoma 523.6 1.3
Placidochromis subocularis 276.7 0.7

Six species, namely Copadichromis virginalis, Oropharynx argyrosoma, Placidochromis subocularis,
Protomelas similis, Protomelas spilopterus, and Pseudotropheus elegans, were harvested from the
Mchangani control site. Placidochromis subocularis comprised ~60% of the catch by weight (Table 3).

Table 3: Catch composition of the Mchangani control site sampled in May 2016

Fish species identity ‘ Catch (g) % of total catch
Placidochromis subocularis 195.0 59.6

Otopharynx argyrosoma 58.0 17.7
Copadichromis virginalis 52.5 16.1
Pseudotropheus elegans 9.5 2.9

Protomelas similis 7.5 2.3

Protomelas spilopterus 4.5 1.4

Within-patch diversity, as measured by the Shannon biodiversity index, was greater in the brush park
site (1.87) than the control site (1.15). Although these two sets of results are arguably not directly
comparable by virtue of their different localities, it does provide a rough snapshot view of the potential
disparities in fish catch composition between brush park areas and non-brush park areas.

The number of fish species landed per boat did not differ between those boats reportedly coming from
brush park areas at Selemani (4.25 + 1.31) and those from control sites at Mchangani (4.00 + 2.00) (F.4
= 0.01, p = 0.9194). The catch per landing boat was higher for boats reportedly coming from brush park
areas (10,311.61 + 3,476.48) than those from non-brush park areas (163.50 + 135.5), but this difference
was not significant (F, = 3.39, p = 0.1394).

A sampling of fish catches in the Mchangani brush park and control sites was conducted in August 2016.

The number of species harvested from the Mchangani brush park site (n = 10), was significantly different
and higher than those harvested from the control site (n = 2) ( x2 = 5.33, df = 1, p = 0.0209) (Table 4).
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Table 4: Catch composition of the Mchangani brush park and control sites in August 2016

Treatment Fish species identity Catch (g) % of total catch
Brush park Otopharynx argyrosoma 268 32.7
Brush park Copadichromis virginalis 200 25.2
Brush park Copadichromis juveniles 16 14.4
Brush park Taeniolethrinops furcicauda 45 8.3
Brush park Rhamphochromis longiceps 66 6.7
Brush park Corrematodus taeniatus 52.5 5.3
Brush park Lethrinops parvidens 33.5 3.4
Brush park Trematocrenus placodon 15 15
Brush park Pseudotropheus elegans 10.5 1.1
Brush park Mylochromis anaphyrmus 9.5 1.0
Brush park Placidochromis subocularis 4.5 0.5
Control Engraulicypris sardella 2.5 54.9
Control Copadichromis spp. juveniles 2.1 45.1

In the brush park site, the catches were dominated by three species, which together comprised about
72% of the catch by weight: O. argyrosoma (~33%), Copadichromis virginalis (~25%) and
Copadichromis juveniles (~14%). In the control site, Engraulicypris sardella comprised 55% of the total
catch while Copadichromis juveniles comprised 45%. The length—frequency distribution of the
Copadichromis juveniles in the brush park area differed from that in the control area (Kolmogorov—
Smirnov two-sample test, p = 0.006201). The mean fish size of the Copadichromis juveniles in the brush
parks (32.9 + 0.37mm) were larger than in the control areas (31.24 + 0.5 mm) (Fy,211 = 7.45, p =
0.006863).

The catch in the brush park site was more diverse than in the control, as gauged by the Shannon
biodiversity index (brush park = 1.83, control = 0.69). The Beta-diversity (Bray-Curtis index) was 0.31,
indicative of a slight difference in community composition structure between the brush park fish
assemblage and the fish community in the control sites.

The final sampling of fish catches in the Mchangani brush park and control sites was conducted in March
2017, and the species composition of the catches is outlined in Table 5. Although more species were
harvested from the brush park site (n =8), than the control site (n =4), there was no significant
relationship between the number of species harvested and the type of area that was fished (brush park
or control site) (x2 = 1.33, df = 1, p = 0.2484).
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Table 5: Catch composition of the Mchangani brush park and control sites in March 2017

Treatment Fish species identity Total Catch (g) % of total catch
Brush park Copadichromis eucinostomus 282.3 43.0
Brush park Otopharynx argyrosoma 176 26.8
Brush park Copadichromis virginalis 96 14.6
Brush park Lethrinops spp 60 9.1
Brush park Copadichromis chrystonotus 31 4.7
Brush park Mylochromis anaphyrmus 5.5 0.8
Brush park Rhamphochromis longiceps 3 0.5
Brush park Tramitichromis liturus 2.5 0.4
Control Engraulicypris sardella 167.7 46.4
Control Pseudotropheus elegans 44 12.2
Control Copadichromis eucinostomus 102 28.2
Control Copadichromis virginalis 0.5 0.1
Control C. virginalis juveniles 47.5 13.1

Copadichromis eucinostomus and C. virginalis were present at both the brush park and control sites
while Copadichromis eucinostomus, one unidentified species of the genus Lethrinops, Mylochromis
anaphyrmus, Otopharynx argyrosoma, Rhamphochromis longiceps, and Tramitichromis liturus were
present only at the brush park sites.

In the brush parks area, the catches were again dominated by C. eucinostomus (43% of catch by weight),
0. argyrosoma (26.8%) and C. virginalis (14.6%), which together comprised about 84% of the catch by
weight. In the control area, the catches were dominated by E. sardella (46.4%), and C. eucinostomus
(28.2%), which together comprised ~ 75% of the catch by weight. The length-frequency distribution of
the C. eucinostomus in the brush park and control sites were similar (Kolmogorov-Smirnov two-sample
test, p = 0.3062), and there was no difference in the mean fish size in the brush park (87.98 + 1.86mm)
and control sites (84.94 + 2.36 mm) (Fy,60 = 0.77, p = 0.3824).

Similar to the August 2016 sampling event, the catch in the brush park site was more diverse than in the
control site, as gauged by the Shannon biodiversity index (brush parks = 1.74, controls = 1.25). Beta-
diversity (as gauged by the Bray-Curtis index) was higher in March (0.78) than in August (0.31), an
indication that the difference in the community structure of the fish assemblage between the brush park
and control area was more pronounced in March 2017 than in August 2016.

The number of species sampled per haul was higher in the brush parks (4.5 + 0.50) than in the control
areas (2.5 + 0.50), but this difference was insignificant (F,. = 8.00, p = 0.1055). There was also no
significant difference in catch per unit effort (per haul) between the two types of sites fished (brush park
and control) (F.. = 1.14, p = 0.3972) although the brush park site tended to have higher yields (328.15 +
36.85) than the control area (180.85 + 132.85). In the brush parks, the number of species sampled per
haul was higher in August (6.50 + 2.50) than in March (4.50 + 0.50), but this difference was not
significant (F,> = 0.62, p = 0.5149). There was also no difference in the number of species caught per
haul in the control areas between August 2016 (1.00 + 0.00) and March 2017 (2.00 + 1.00) (F,, = 1.00,
p = 0.42227). The catch per unit effort (per haul) in the brush parks was not statistically different
between August 2016 (360.25 + 149.75) and March 2017 catches (328.15 + 36.85) (F.. = 0.04, p
=0.8543) as was the case in the control areas (August 2016: 50.00 + 4.89; March 2017: 180.85 + 132.85,
F..=0.97, p = 0.4287).
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RESULTS FOR LAKE MALOMBE

Limnological and Ecological Fieldwork Results

Physical characteristics

The physical characteristics of the experimental brush park and control sites established in Lake
Malombe are summarized below (Table 6). The sites were located more than 2km from shore in water
that ranged in depth between 2.5 and 3.1 meters. The depth fluctuated with time of the year and the
water level was lowest in October. The brush park sites were always sampled in the morning while the
control sites were sampled in the afternoon. Generally, winds were higher in the morning than in the
afternoon with a mean maximum of 4.7 ms and a mean minimum of 0.9ms. The surface water
temperatures fluctuated between 21.3 and 27.0°C but were lowest during the winter season months of
June and July. The depth profile temperatures did not vary much with depth. However, the brush park
sites had relatively lower temperatures in comparison to the control sites, which were mainly attributed
to the time of day the sampling occurred.

Specific conductivity and salinity, values in the lake, however, are relatively higher than what is observed
in oligotrophic Lake Malawi. This may be due to the shallower depth of Lake Malombe and the sediment
composition influenced by the geology of the surrounding catchment.

The dissolved oxygen (DO) measured within the brush park and control sites showed normal trends with
depth as percent oxygen saturation as close to saturation (Table 6). There were no differences of
dissolved oxygen between site and sampling date (p > 0.05) indicating that the lake is well aerated.

Table 6: Physico-chemical characteristics of the two experimental brush park sites and

corresponding controls studied at Chisumbi Beach, Lake Malombe

Parameter ‘ Brush park 1 Control 1 Brush park 2 Control 2
GPS Coordinates 14.70442°S, 14.69762°S, 14.70375°S, 14.70062°S,
35.20663°E 35.21301°E 35.21250°E 35.22155°E
Maximum depth (m) 2.5-3.1 2.6 —3.1 2.5-3.1 2.7-3.0
Average wind speed (ms™) 2.1—4.7 0.9 — 2.0 1.9 —-3.1 1.3—-17
Secchi disc depth (m) 1.5-2.0 1.5 - 2.0 1.6 — 2.0 1.4-1.5
Surface temperature (°C) 21.7 — 27.0 21.8 — 26.5 21.3 — 26.5 21.4 — 27.0
Surface temperature (°C) 21.7 — 27.0 21.8 — 26.5 21.3 — 26.5 21.4 — 27.0
Temperature profile (°C)
Depth(m) o 21.7 — 27.7 23.8 - 29.6 21.3 — 27.4 23.4 — 29.8
1 21.4 — 27.4 23.7 — 29.2 21.3 — 27.3 23.4 — 29.7
2 21.2 — 27.2 23.5 — 20.1 21.3 — 27.3 23.3 — 29.7
Spec. Conductivity (uScm)
Depth(m) o 257 — 298 254 — 290 257.42 — 287 257 — 290
1 254 — 297 255 — 295 258.47 — 287 257 — 290
2 255 — 298 257 — 297 257.49 — 290 257 — 290
Salinity (PSU)
Depth(m) o 0.1310 — 0.1329 0.1360 — 0.1371 0.1315 — 0.1329 0.1316 — 0.1329
1 0.1313 — 0.1330 0.1363 — 0.1375 0.1313 — 0.1330 0.1318 — 0.1330
2 0.1316 — 0.1320 0.1366 — 0.1370 0.1316 — 0.1320 0.1316 — 0.1328
DO (% saturation)
Depth(m) o 79 — 100 90 — 100 90 — 103 90 — 103
1 77 — 98 88 — 98 95 — 103 90 — 101
2 76 — 98 87-98 90 — 100 86 — 100
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Water quality

The extinction coefficient was used as an indicator of water clarity in the lake. The extinction coefficients
ranged between 0.56 to 1.46 m-* with the highest level recorded in October at brush park site 1 while the
lowest level was observed in July at brush park site 2 (Figure 9). During all sampling events, brush park
site 1, which was in closest proximity to the western shore, had higher extinction coefficients than the
other sites. Except for October, the two sites located furthest offshore (brush park site 2 and its control)
had relatively low extinction coefficients. The western side of Lake Malombe is heavily populated and
agricultural practices within its catchment are prevalent. Most of the wetlands in this area have been
turned into agricultural fields. The potential for soil runoff during the rainy season and subsequent
resuspension during the windy season is high. A two-way ANOVA without replication showed no
significant difference between brush park 1 and its control including sampling date (F = 5.79, F;; =
18.51, p = 0.14 and F = 5.81, F_;; = 19.00, p = 0.15, respectively). Both sites were located along the
western side of the lake and hence are affected by similar forcing occurring in the area. There was also
no significant difference between brush park 2 and its control (F = 0.76, F;; = 18.51, p = 0.47). However,
there was a significant difference between brush park 1 and brush park 2 (F =19.47, F_,, = 18.51,p =
0.04) including sampling date (F = 47.72, F_;; = 19.00, p = 0.02). The brush park 2 and its control site

are relatively further offshore than the brush park 1 and its control site. The statistical results validate
the observation that the brush park 1 site was in an area that is different from brushpark 2 site.
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Figure 9: Extinction coefficient (a) values at Chisumbi brush park and control sites, Lake
Malombe

Nutrients

The concentration of soluble reactive phosphorus (SRP), the nutrient that limits phytoplankton growth
in most lakes, is provided in Figure 10. Concentrations of SRP fluctuated between 0.20 and 1.60uM with
the lowest observed in the hot, dry season (October). At the baseline sampling, all four sites had generally
similar concentrations of phosphorus. Decreases in SRP were observed at all sites from June to July,
except for the brush park 2 control site. This provides evidence that all the sites are controlled by similar
physical and hydrological forces in the lake (i.e., nutrient availability due to mixing from the Mwera
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winds and cooling of the epiliminion water). The concentration of phosphorus was relatively low in
October at both control sites (Figure 10). However, a two-way ANOVA without replication with location
and month as the two factors revealed no significant difference between location (F = 0.48, F;; = 4.76,

p = 0.70) and sampling date (F = 0.46, F_;; = 5.14, p = 0.64).
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Figure 10: Soluble reactive phosphorus at the Chisumbi brushpark and control sites, Lake
Malombe

Phytoplankton biomass

Phytoplankton biomass estimated as chlorophyll a is provided in Figure 11. Chlorophyll a values ranged
from 3.494+0.713 t0 10.136£3.270 pgL-1, which are indicative of highly productive waters. For example,
measurements of chlorophyll a in the oligotrophic Lake Malawi are generally less than 1.5 ugL1. The
highest concentrations were observed in October while the lowest concentrations were observed in July
(Figure 11). This observation is surprising considering that phosphorus was highest in June and July,
which would enhance more phytoplankton growth, except for the brush park 2 site in July that had lower
phosphorus concentrations than the other sites. It could be a localized phenomenon during that month
considering that the lake is shallow and may mix periodically. During the July sampling, high dense mats
of Cladophora were observed as they were being hauled by the Nkacha net. The concentration was so
high that the fishermen feared their nets would be damaged. These benthic algae were not observed in
the June or October sampling. The fishermen indicated that they normally observe such dense mats of
Cladophora during that period of the year. The low phosphorus in July could therefore be a result of
these algae utilizing the phosphorus. Although the concentrations varied within location, a two-way
ANOVA without replication displayed no significant difference with sampling sites (F = 0.25, F .;; = 4.75,

p = 0.86). However, significant differences between sampling dates were observed (F = 79.06, F ;; =
5.14, p = 4.89€-05).

22



12.0 -

OControl 2 -

10.0 - mBrushpark 2 -
1]
= 30 - - @Brushpark 1 % 4
o T ik
= @ Control 1 =
= i =5 o
o’ B EEY
o 6071 [ ' x
o 7| o0y o
= s I X s
o 4.0 - . e .
2.0 - 8 8 8
u.n = T 2 T T T =

w w w w w

i i i T i

c = = o rx

5 3 S @ a

= < n

Figure 11: Chla concentration at Chisumbi brush park and control sites, with standard
deviation bars

Zooplankton

Zooplankton species abundance and percent contribution for brushpark 1 site and its control are
summarized in Figure 12). Zooplankton are dominated by the small species, Thermocyclops neglectus,
Bosmina longirostris, rotifers and the youngsters, Nauplii. These three zooplankton groups contributed
more than 80% during each sampling month. Contribution by the large copepods, Tropodiaptomus
cunningtoni and Mesocyclops a. aequatorialis, was minimal. The cladocera, Diaphanosoma excisum,
was more important in October. There is no apparent succession pattern of zooplankton with date except
that the importance of T. neglectus was high when the composition by Nauplii was low. Although the
zooplankton biomass was high at the brush park 1 site in July (54,968 individuals/m3), a two-way
ANOVA without replication at 0.05 showed no significant differences in zooplankton biomass between
the brush park 1 site and its control (F = 0.013, F_;; t = 19.0, p = 0.98) and sampling date (F = 0.022,

F.itt=18.51,p = 0.89).
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(stacked histogram) at the Chisumbi brush park 1 site (A) and corresponding control site

(B), Lake Malombe

Zooplankton species abundance and percent contribution for the brushpark 2 site and its control are
summarized in Figure 13. Zooplankton are dominated by the small species Thermocyclops neglectus,
Bosmina longirostris, Diaphanosoma excisum, and the youngsters, Nauplii. Contribution by rotifers,
Tropodiaptomus cunningtoni and Mesocyclops aequatorialis, were relatively insignificant.
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Figure 14: Zooplankton abundance at the Chisumbi brush park and control sites, Lake
Malombe

Fisheries

An initial baseline sampling was conducted in June 2016 at the brushpark and corresponding control
sites, prior to construction and deployment of the brush park structures. Seven species were harvested
from the brush park sites, which was not significantly different than the 5 species harvested from the
control sites (Table 7) (Chi-square test, ¥2 = 0.3333, df = 1, p = 0.5637). Engraulicypris sardella, and
Otopharynx argyrosoma were present at both the brush park and control sites while Lethrinops
lethrinus, Otopharynx argyrosoma, and Protomelas trianadon were present only at the brush park
sites.

Table 7: Baseline (June 2016) catch composition of brush park and control sites at
Chisumbi beach

Treatment Fish identity Catch (g) % of total catch
Brush park Otopharynx argyrosoma 12685.5 59.1
Brush park Juvenile cichlids 4210.7 19.6
Brush park Engraulicypris sardella 1682.0 7.8
Brush park Copadichromis chrysonotus 1111.6 5.2
Brush park Lethrinops lethrinus 701.8 3.3
Brush park Clarkias gariepinus 417.5 1.9
Brush park Protomelas trianadon 385.7 1.8
Brush park Otopharynx tetrastigma 271.6 1.3
Control Otopharynx argyrosoma 5406.9 56.1
Control Juvenile cichlids 1848.6 19.2
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Control Copadichromis chrysonotus 1369.1 14.2
Control Clarias gariepinus 492.5 5.1
Control Engraulicypris sardella 378.7 3.9
Control Pseudotropheus elegans 149.4 1.5

O. argyrosoma was the most dominant species (by weight) in the brush park and control sites followed
by juvenile cichlids. The length-frequency distribution of O. argyrosoma in the brush park areas was
similar to that in the control areas (Kolmogorov-Smirnov two-sample test, p = 0.1711). A comparison of
the mean fish size of O. argyrosoma between the brush parks (75.48 + 3.87 mm) and control sites (73.60

+ 2.66 mm) also revealed no significant difference (F;,.:6 = 0.03, p = 0.8471).

Within-patch diversity, as measured by the Shannon biodiversity index, was similar between the brush
parks (1.30) and the control areas (1.26). Beta-diversity as gauged by the Bray-Curtis index, a statistic
used to quantify the compositional dissimilarity between two different localities, showed that the two
types of sites were largely not different (Bray-Curtis value = 0.35).

The number of species sampled per haul did not differ between the brush parks and the control areas
(brush park: 3.86 + 0.69, control 3.00 + 0.89, F,;; = 3.81, p = 0.07694). Catch per unit effort (per haul)
also did not differ between the brush parks and the control areas (brush park: 3066.64 + 1535.16g,

control 1607.53 + 682.15¢g, F, 1, = 4.60, p = 0.05526).

A second round of sampling was conducted in July 2016, one month after the deployment of the brush
park structures, at the four experimental sites. Nine species were harvested from the brush park sites,
which was not significantly different than the 5 species harvested from the control sites (Table 8) (Chi-
square test, x2 = 0.5833, df = 1, p = 0.445).

Table 8: Catch composition of the brush park and control sites at Chisumbi beach in July

2016 (one month after deployment of the brush park structures)

Treatment Fish identity Catch (g) % of total catch
Brush park Otopharynx argyrosoma 12742.8 58.8
Brush park Protomelas similis 2094.6 13.8
Brush park Copadichromis chrysonotus 2278.7 10.5
Brush park Juvenile cichlids 1771.6 8.2
Brush park Fossorochromis rostratus 719.4 3.3
Brush park Oreochromis karongae 410.6 1.9
Brush park Protomelas trianadon 385.7 1.8
Brush park Otopharynx tetrastigma 214.1 1.0
Brush park Lethrinops lethrinus 167.3 0.8
Brush park Placidochromis subocularis 15 0.0
Control Otopharynx argyrosoma 5319.6 77.0
Control Engraulicypris sardella 775.2 11.2
Control Juvenile cichlids 353.5 5.1
Control Copadichromis chrysonotus 300.7 4.4
Control Pseudotropheus elegans 149.4 2.2
Control Placidochromis subocularis 13.4 0.2

C. chrysonotus, O. argyrosoma and P. subocularis were present at both the brush park and control sites,
but the latter were rare (< 1% of catch by weight). Fossorochromis rostratus, Placidochromis
subocularis, and Protomelas similis were species harvested from the brush parks in July, which had not
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been observed in June. The number of species sampled per haul also did not differ between the brush
parks and the control areas (brush park: 4.80 + 2.49, control 3.50 + 1.29, F, ;= 0.88, p = 0.378876).

In the brush parks area, the catches were dominated by three species, which together comprised about
83% of catch by weight: O. argyrosoma (58.8%), P. similis (13.8%) and C. chrysonotus (10.5%). In the
control areas, the catches were dominated by two species, which contributed about 88% of the catch by
weight: O. argyrosoma (77.0%) and E. sardella (11.2%). The length—frequency distribution of O.
argyrosoma in the brush park areas differed from that in the control areas (Kolmogorov-Smirnov two-
sample test, p = 0.01334). The mean fish size of O. argyrosoma in the brush parks (68.38 + 0.74mm)
were larger than in the control areas (62.22 + 1.65 mm) (F, 36, = 15.57, p = 0.0000955).

The catch in the brush parks was more diverse than in the controls, as gauged by the Shannon
biodiversity index (brush parks = 1.37, controls = 0.83). Beta-diversity (Bray-Curtis index) increased
slightly from 0.35 in June to 0.41 in July, an indication of incipient compositional dissimilarity between
the brush park areas and the control areas.

In July, catches (as CPUE) were not different between brush park areas (5406.049 + 2332.96 g) and
control areas (2283.57 + 1078.99 g) (F1,5= 4.48, p = 0.087898). Catch per unit effort (per haul) also did
not differ significantly between June and July both in the brush parks (June: 3066.64 + 1535.16 g, July:
5406.05+ 2332.96 g, F, o = 4.12, p = 0.073106) and in the control areas (June: 1607.53+ 682.15 g, July:
2283.568 £ 1078.99 g, F,,=1.37, p = 0.279392).

The final round of sampling was conducted in October 2016, four months after the deployment of the
brush park structures (and when the continued presence of the brush parks could not be confirmed).
Seven species were harvested from the former brush park sites, which was not significantly different
from the 6 species harvested in the control sites (Table 9) (Chi-square test, x2 = 0.0385, df = 1, p =
0.8444). C. chrysonotus, O. argyrosoma, E. sardella, P. similis and P. trianadon were present at both
the brush park and control sites while C. gariepinus, O. karongae and P. subocularis were present only
at the brush park sites.

Table 9: Catch composition of the brush park and control sites at Chisumbi beach in
October 2016 (four months after deployment of the brush park structures)

Treatment Fish identity Catch (g) % of total catch
Brush parks Protomelas similis 5248.8 41.5
Brush parks Otopharynx argyrosoma 3235.2 25.6
Brush parks Clarias gariepinus 2755.0 21.8
Brush parks Juvenile cichlids 837.8 6.6
Brush parks Oreochromis karongae 367.5 2.9
Brush parks Protomelas trianadon 144.0 1.1
Brush parks Engraulicypris sardella 46.3 0.4
Brush parks Placidochromis subocularis 15.6 0.1
Control Otopharynx argyrosoma 2290.6 48.4
Control Protomelas similis 1051.8 22.2
Control Opsaridium microlepis 644.2 13.6
Control Juvenile cichlids 474.5 10.0
Control Rhamphochromis longiceps 131.2 2.8
Control Engraulicypris sardella 75.5 1.6
Control Protomelas trianadon 68.7 1.5
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In the brush parks areas, the catches were dominated by P. similis (41.5% of catch by weight), O.
argyrosoma (25.6%) and C. gariepinus (21.8%), which together comprised about 89% of the catch by
weight. In the control areas, the catches were dominated by O. argyrosoma (48.40%), P. similis (22.2%)
and Opsaridium microlepis (13.6%), which together comprised ~ 84% of the catch by weight. Fish sizes
were compared between brush parks and control areas for the two most dominant species in the catches.
Although the length—frequency distribution of O. argyrosoma in the brush parks were largely similar to
that in the control areas (Kolmogorov-Smirnov two-sample test, p = 0.1160), fish in the control areas
were marginally bigger (75.63+0.74 mm) than those fished from brush parks (73.18 + 1.01 mm) (Fy,14, =
3.98, p = 0.04791). The length-frequency distribution of Protomelas similis in the brush park areas,
however, differed from that in the control areas (Kolmogorov-Smirnov two-sample test, p = 0.0089) and
individuals fished from brush parks were significantly larger (82.57+2.15 mm) than those from control
areas (74.55+2.22 mm) (Fy 3, = 4.64, p = 0.03775).

The catch in the brush parks was more diverse than in the controls, as gauged by the Shannon
biodiversity index (brush parks = 1.57, controls = 1.13). Beta-diversity (Bray-Curtis index) decreased
from 0.41 in July to 0.29 in October, an indication that species compositional similarity between the
brush park areas and the control areas had increased.

The number of species sampled per haul did not differ between the brush parks and the control areas
(brush park: 4.75 + 0.25, control 5.00 + 0.41, F,6 = 0.27, p = 0.6202). In October, catches (as CPUE)
were not different between brush park areas (3162.50 + 2471.58 g) and control areas (1184.15 + 273.85
g) (Fi6= 0.63, p = 0.456593). Catch per unit effort (per haul) did not also differ significantly between
June and October both in the brush parks (June: 3066.64 + 1535.16 g, October: 3162.50 + 2471.58 g, F o
= 0.0024, p = 0.96194) and in the control areas (June: 1607.53 + 682.15 g, October: 1184.15 * 547.71g,

Fis=1.07, p = 0.331914).
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CONCLUSIONS

This study reached the following conclusions to the questions identified in the original objectives
through focus group discussions and sampling of existing and created brush parks.

How are the local communities around the SEA of Lake Malawi constructing the indigenous brush
parks?

The focus group discussions held with communities in Nkhotakota and Mangochi District shed further
light on history of the indigenous deep-water brush parks, how they are constructed, harvested, and
managed as well as the types of challenges encountered by the users. The Section on Results for
Makanjira, above, addresses this question in detail.

What is the history of these structures and why are the communities using them?

The construction of brush parks in Makanjira began in the early 1980s and peaked in the early 2000s.
The early adopters learned how to construct the brush parks from either their parents or immigrant
fishermen from Nkhotakota. The focus group discussion participants were split in opinion on whether
the brush parks enhance fisheries production by providing feeding, breeding, and nursery habitat or
aggregate fish that are attracted to the algae that grow on the brush park structures. While it was difficult
for the fishermen to make comparisons over time on fish harvests before and after the installation of
brush parks, since the fish stocks have generally been declining in this area over time, they did note that
more fish are currently caught within the brush park areas in comparison to areas without them. They
also reported that the brush park structures serve as an effective deterrent in the deployment of illegal
beach and open water seine nets since they become entangled with the wooden branches.

Houw are the brush parks managed and protected by traditional authorities and laws?

There is little or no formal security for the brush parks, but the brush park owners do try to set their
brush parks up away from other ones to avoid conflicts and discourage poaching. The focus group
participants noted that it is very rare for fishermen from one village to go and fish at another village’s
brush parks because they know the boundaries of their village’s jurisdiction within lake. However, in
instances were poaching occurs, the Beach Village Committees are the first step in mediating the conflict.
If the matter cannot be settled, it is brought to the level of the chief. Although there are no formally laid
down punishments, the chief handles the case in accordance with the local traditional justice system
(e.g., confiscating the encroacher’s fishing gear). If it is determined that the fishing occurred by accident,
then no punishment is given as people understand it was an innocent mistake.

The main challenges noted by the focus group participants include brush park structures losing their
anchorage, which makes them more susceptible to drifting during periods of heavy winds and being
periodically destroyed or swept away by trawlers. The participants also noted that there has been a
decline in the rate of brush park construction because the community members are unable to invest
more money into the brush park efforts.

Can the brush parks serve as production devices (e.g., providing sources of refuge, food, spawning and
nursery areas, juvenile habitat for fish) or only as FADs?

Because of the limited data available, this question cannot be rigorously answered. We did observe:

Environmental parameters were not systematically different between controls and brush park sites. No
significant differences in global nutrient availability were observed so any productivity differences could
be attributed to localized nutrient, chla and zooplankton differences controlled by larger-scale lake
properties

However, the location of brush parks is important. Brush parks near the shore will be affected by
sediments mobilized by agriculture. This turbidity therefore could affect productivity.

Generally, there were larger, more numerous fish per haul, more species per haul, and different species
present at brush park sites when compared to controls.

30



The dominant fish in brush park sites were generally different from the controls.
Are the brush parks effective silent police for deterring the use of illegal fishing gear?

The focus group discussions reported that while the structures could be a deterrent to illegal trawling
activity, they were themselves periodically destroyed or swept away by trawlers. They also reported that
the brush park structures serve as an effective deterrent in the deployment of illegal beach and open
water seine nets since they become entangled with the wooden branches. The biological data do not
address this issue.

RECOMMENDATIONS — FUTURE STUDIES AND
MANAGEMENT IMPLICATIONS

Further work is needed to answer the question whether brush parks enhance fisheries production or
solely aggregate existing fish. Considering the disappearance of the brush park structures in the
experimental Lake Malombe study, it is strongly recommended that future experimentation/monitoring
work with brush parks be carried out in protected areas to avoid tampering or intentional removal of the
brush park structures.

This further monitoring work must ensure adequate sampling for conclusive analysis. Daily timing of
sampling should be randomized to avoid systematically confounding the treatment

The FISH project is planning to monitor some of the brush park structures that have been constructed
within the nearshore community sanctuaries during Years 4 and 5 of the project. It would be highly
beneficial to have the local BVCs as well as the Department of Fisheries actively involved in these
monitoring activities.

If brush parks are to be scaled up further across Lake Malawi and Lake Malombe, care must be taken to
ensure that their construction and maintenance does not lead to deforestation.

Locate brush parks outside zone of influence of soil erosion. Brush park 2, 2.9 km offshore, seems to be
the ideal location for the brush park in this basin.

In addition, to avoid conflicts between the artisanal and commercial fishermen, spatial planning efforts

should be undertaken to ensure that the brush park structures are not constructed or subsequently
moved further offshore into the areas where the trawlers are permitted to fish.
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APPENDIX A: EMPIRICAL FINDINGS FROM SEA STuDY

Parameter

May 2016 August 2016

March 2017

Changes over time

Dissolved oxygen

DO concentration at brush park
and control site close to saturation

DO concentration at brush park
and control site close to saturation

DO concentration at brush park
and control site close to saturation

Extinction coefficient (indicator
of water quality)

Control site significantly higher
extinction coefficient than brush
park site (former was located
closer to shore making it more
susceptible to period wave
action/resuspension of bottom
sediment).

Control site significantly higher
extinction coefficient than brush
park site.

Control site significantly higher
extinction coefficient than brush
park site.

No significant difference between
sampling dates

Soluble reactive phosphorus

Phosphorus levels at the brush
park site were higher than levels
at the control, but the results were
not statistically significant.

Phosphorus levels at the brush
park site were higher than levels
at the control, but the results were
not statistically significant.

Phosphorus levels at the brush
park site were higher than levels
at the control, but the results were
not statistically significant.

No significant difference between
sampling dates

Phytoplankton biomass
(estimated as chl a)

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

Significant difference between
sampling dates

Zooplankton

Biomass abundance higher in
brush park site, but the difference
was not significant.

BP zooplankton composition
dominated by nauplii (~80%)

Control zooplankton composition
dominated by T. cunningtoni and
nauplii

Biomass abundance higher in
brush park site, but the difference
was not significant.

BP zooplankton composition
dominated by nauplii (~80%)

Control zooplankton composition
dominated by T. cunningtoni and
nauplii

Biomass abundance higher in
brush park site, but the difference
was not significant.

BP zooplankton composition
(~40% nauplii, followed by the
midge, Chaoborus edulis, (~30%)

Control zooplankton composition
dominated by B. longirostris, T.
cunningtoni, nauplii and
Chaoborus edulis

No significant difference between
sampling dates

BP site — declining trend in 7.
cunningtoni and nauplii from
May to August to March.

Control site - declining trend in
T. cunningtoni and nauplii from
May to August to March.
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Parameter

Number of fish species

May 2016

11 species harvested from the
Selemani BP site, 6 species
harvested from Mchangani
control site.

‘ August 2016

10 species harvested from the
Mchangani BP site, 2 species
harvested from Mchangani
control site. Statistically
significant difference.

March 2017

8 species harvested from the
Mchangani BP site, 4 species
harvested from Mchangani
control site. No significant
difference.

‘ Changes over time ‘

Mchangani BP sites : 10Y 8
Mchangani Ctrl sites : 6Y 2Y 4

Shannon biodiversity index
(within-patch diversity)

Selemani BP site = 1.87,
Mchangani control site = 1.15.

Mchangani BP site = 1.83,
Mchangani control site = 0.69.

Mchangani BP site = 1.74,
Mchangani control site = 1.25.

BP sites: 1.83Y 1.74
Ctrl sites: 1.15Y 0.69Y 1.25

Bray-Curtis index 0.31 0.78 Difference in community
(compositional dissimilarity) structure between BP and control

area more pronounced in March.
Dominant fish species Selemani BP site: Copadichromis | Mchangani BP site: Mchangani BP site:

virginalis (38.5%);two
Copadichromis spp(~48%)
Mchangani control site:
Placidochromis subocularig-60%)

O. argyrosoma (~33%),
Copadichromis virginalis (~25%)
and Copadichromis juveniles
(~14%).

Mchangani control site:
Engraulicypris sardella (55%),
Copadichromis juveniles (45%).

C. eucinostomus (43%)
O. argyrosoma (26.8%)
C. virginalis (14.6%).
Mchangani control site:
E. sardella (46.4%)

C. eucinostomus (28.2%)

Length/Frequency distribution
of dominant species

Significant difference in L/F
distribution of Copadichromis
juveniles between brush park and
control sites.

No significant difference in L/F
distribution of C. eucinostomus
between brush park and control
sites.

Mean size of dominant species

Mean fish size of Copadichromis
juveniles significantly larger in
brush park site.

No significant difference in mean
size of C. eucinostomus between
brush park and control sites.

Number of fish species/haul

Number of fish species landed per
boat did not differ between
Selemani BP site and Mchangani
control site.

No significant difference between
brush park and control site.

The number of species sampled
per haul was higher in the brush
park site than in the control area,
but this difference was
insignificant.

In the brush parks, the number
of species sampled per haul was
higher in August) than in March
but this difference was not
significant.

Catch per unit effort (per haul)

Catch per landing boat was higher
for boats returning from the
Selemani BP site, but the
difference was not significant.

Higher in the BP site than in the
control area, but results not
statistically significant.

Higher in the BP site than in the
control area, but results not
statistically significant.

No significant difference between
August and March.
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APPENDIX B: EMPIRICAL FINDINGS FROM LAKE MALOMBE STUDY

Parameter

June 2016 (Baseline

July 2016 (1 month after

October 2016 (4 months after

Changes over time

Dissolved oxygen

Sampling)

No significant difference between
brush park and control sites.

brush park construction)

No significant difference between
brush park and control sites.

brush park construction)

No significant difference between
brush park and control sites.

No significant difference between
sampling date

Extinction coefficient (indicator
of water quality)

BP1 site had the highest value
(more turbid), but not
significantly different than its
control. It was significantly more
turbid than BP2 site.

No significant difference between
BP2 site and its control.

BP1 site had the highest value
(more turbid), but not
significantly different than its
control. It was significantly more
turbid than BP2 site.

No significant difference between
BP2 site and its control.

BP1 site had the highest value
(more turbid), but not
significantly different than its
control. It was significantly more
turbid than BP2 site.

No significant difference between
BP2 site and its control.

Significant difference between
sampling dates

Soluble reactive phosphorus

Similar concentrations at all sites,
no significant differences.

Decreases observed at all sites
from June to July w/the exception
of BP2 control site. No significant
differences between the sites.

Increase in phosphorus at BP sites
from July to October. Decrease in
phosphorus at control sites from
July to October. No significant
difference between the sites.

No significant difference between
sampling date

Phytoplankton biomass
(estimated as chl a)

No significant difference between
sampling sites

No significant difference between
sampling sites

No significant difference between
sampling sites

Significant difference between
sampling dates

Zooplankton

Biomass abundance higher in BP1
control than BP1 site, but
difference not significant.

Biomass abundance significantly
higher in BP2 than its control.

Zooplankton biomass higher at
BP1 site than its control, but
results not statistically significant.

Biomass abundance significantly
higher in BP2 than its control.

Biomass abundance higher in BP1
control than BP1 site, but
difference not significant.

Biomass abundance significantly
higher in BP2 than its control.

No significant difference between
sampling date for BP1 site and its
control.

Significant difference between
sampling date for BP2 site and
its control.

Comparison of all four sites and
sampling dates revealed no
significant difference.

No apparent succession pattern
w/date except importance of T.
neglectus was high when
composition by nauplii was low.
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Parameter

June 2016 (Baseline

July 2016 (1 month after

October 2016 (4 months after

Changes over time

Number of fish species

Sampling)

Brush park sites = 77, control sites
= 5. No significant difference.

brush park construction)

Brush park sites = 9, control sites
= 5. No significant difference. Two
new species observed only in BP
sites (F. rostratus, P. similis).

brush park construction)

Brush park sites = 77, control sites
= 6. No significant difference.

C. gariepinus, O. karongae and P.
subocularis present only at the
brush park sites.

BP sites: 7Y 9Y 7
Ctrl sites: 5Y 5Y 6

Shannon biodiversity index
(within-patch diversity)

Brush park sites = 1.3, control
sites = 1.26.

Brush park sites = 1.37, control
sites = 0.83. Catch more diverse in
BP sites than control sites, but BP
value only increased by 0.07 from
June.

Brush park sites = 1.57, control
sites = 1.13.

BP sites: 1.3Y 1.37Y 1.57
Ctrl sites: 1.26Y 0.83Y 1.13

Bray-Curtis index
(compositional dissimilarity)

0.35 signifying two types of sites
not largely different.

0.41 (slight increase from June)

0.29

0.35Y 0.41Y 0.29

Dominant fish species

0. argyrosoma most dominant
species by weight in both brush
park and control sites followed by
juvenile cichlids.

0. argyrosoma comprised 59.1%
of the total catch in the brush park
sites and 56.1% of the total catch
in the control sites.

Again, O. argyrosoma most
dominant species by weight in
both brush park and control sites.

O. argyrosoma comprised 58.8%
of the total catch in the brush park
sites and 77% of the total catch in
the control sites.

P. similis most dominant species
by weight in brush park sites
(41.5% of the total catch) followed
by O. argyrosoma (25.6% of the
total catch).

O. argyrosoma most dominant
species by weight in control sites
(48.4% of the total catch) followed
by P. similis (22.2% of the total
catch).

BP sites:

June: O. argyrosoma (59.1%)
July: O. argyrosoma (58.8%)
Oct: P. similis (41.5%)

Oct: O. argyrosoma (25.6%)

Control sites:

June: O. argyrosoma (56.1%)
July: O. argyrosoma (77.0%)
Oct: O. argyrosoma (48.4%)

Length/Frequency distribution
of dominant species

No significant difference in L/F
distribution of O. argyrosoma
between brush park and control
sites.

Significant difference in L/F
distribution of O. argyrosoma
between brush park and control
sites.

Significant difference in L/F
distribution of P. similis between
brush park and control sites.

No significant difference in L/F
distribution of O. argyrosoma
between brush park and control
sites.
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Parameter

Mean size of dominant species

June 2016 (Baseline

Sampling)

No significant difference in mean
size of O. argyrosoma between
brush park and control sites.

July 2016 (1 month after
brush park construction)

Mean fish size of O. argyrosoma
significantly larger in brush park
sites.

October 2016 (4 months after

brush park construction)

Mean fish size of P. similis
significantly larger in brush park
sites.

Mean fish size of O. argyrosoma
marginally larger in control sites
(p = 0.0479).

Changes over time

Number of fish species/haul

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

Catch per unit effort

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

Catch per unit effort (per haul)

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

No significant difference between
brush park and control sites.

No significant difference b/w
June and July or June and
October.
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