
1 
 

ABSTRACT 
The “Benthic Habitat Mapping for Humanity – Using Geophysics to Improve 

Fisheries Conservation at Lake Tanganyika, Tanzania” is one of two projects funded by 
the SEG Foundation Geoscientists Without Borders Program that focus on habitat 
management and the only project of its kind in Sub-Saharan East Africa. The project 
initiated in 2015 and concluded field operations in 2017; ongoing activities include final 
data analysis with project partners, M.S. thesis preparation by Mr. Joseph Lucas 
(University of Kentucky), and manuscript writing and presentations by the project team.  
The main goal of the project was to employ different marine-type geophysical and 
limnogeological tools (echo-sounding, side scan sonar, CHIRP sub-bottom profiling, 
sediment coring/sampling) in order to map Lake Tanganyika’s littoral zone and its benthic 
habitats along the Kungwe Bay shoreline, just offshore from the Nature Conservancy’s 
Tuungane Project northern Mahale villages priority area for fish spawning ground 
protection. Project data, especially detailed bathymetric maps, side-san sonar images, 
and lake floor sediment grain size data, are being employed to define key substrates in 
<30m water depth that are important nesting sites for valuable pelagic fish that swim 
inshore to spawn.  The impact of our sponsored research has been considerable. From 
a scientific and conservation perspective, new areas of rocky lake floor that were 
previously unknown were discovered through our geophysical imaging, and will be a 
focus for new small scale protected zones established by the Tuungane Project in 
cooperation with local beach management units.  The project has successfully transferred 
technology and training to our project partners at the Tuungane Project and the Tanzania 
Fisheries Research Institute, as well as provided educational outreach to Lake 
Tanganyika’s villagers on best practices for bathymetric and benthic habitat mapping.  
The project has been a catalyst for international research in the Department of Earth and 
Environmental Science at the University of Kentucky, and energized student participants 
and their interest in applied geophysics and conservation science. 
 
BACKGROUND INFORMATION  

The IPCC AR5 reports that in the tropics, reductions in fish productivity and yields 
are dramatic consequences of climate change that must be mitigated through adaptation 
and build-up of social resilience (Field et al., 2014). In Lake Tanganyika (East Africa), 
pelagic fish represent crucial dietary protein and one of the few sources of cash income 
for lakeshore villagers (Coulter, 1991; Hecky et al., 1991). Although Lake Tanganyika is 
not recognized as highly productive, its pelagic food web has yielded up to 200,000T of 
fish per year, most of which is exploited locally (Edmond et al., 1993; Mölsä et al., 2002). 
Each of Lake Tanganyika’s four riparian nations have population growth rates >2.42%, 
which greatly outpaces the world mean of 1.06% (www.cia.gov). As the threats from 
changing climate and diminished food supplies materialize across sub-Saharan Africa, 
the regional demand for fish is rising, and factors such as geographic isolation, political 
volatility, refugee fluxes, and limited infrastructure renders the security of this food 
resource an issue of mounting importance (Brown et al., 2007; Kimirei et al., 2008; 
McIntyre et al., 2016). 

 
Lake Tanganyika is the oldest and deepest of the East African rift valley lakes. 

Estimated to be ~9 - 12 Ma (Cohen et al., 1993a), the lake extends from 3° to 9° S and 
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sits at an elevation of ~774 meters above sea level. Lake Tanganyika is located on the 
border of the Democratic Republic of the Congo, Tanzania, Burundi, and Zambia (Figure 
1).  Lake Tanganyika fills a series of opposing half graben basins, and in several areas 
shorelines are located adjacent to high angle border faults that form rift shoulder mountain 
ranges (Versfelt and Rosendahl 1989; McGlue et al., 2008).  These discrete half grabens 
can contain up to ~6 km of sediment (Morley 1988). The horsts blocks that separate 
basins within the lake are composed of ridges of crystalline basement rock; one such 
horst block is the sub-lacustrine Kavala Island Ridge, which is the offshore extension of 
the Mahale Mountains in western Tanzania (Rosendahl et al., 1986).   

 
Unfortunately, both the littoral and pelagic fisheries at Lake Tanganyika are already 

under pressure from environmental and anthropogenic changes that have been rapidly 
accelerating over the past century. Collapse of the littoral fishery would be a disaster for 
the quality of life of impoverished lakeshore villagers, and would irreversibly damage one 
of the world’s most spectacularly diverse freshwater ecosystems. Many years of 
limnological monitoring and fisheries assessments by scientists at the Tanzanian 
Fisheries Research Institute, academics from Africa and abroad, the Lake Tanganyika 
Authority, and The Nature Conservancy all suggest that a new conservation strategy, 
focusing on small-scale protected zones administered by local stakeholders, is required 
in order to prevent this tragic outcome. However, community-based fisheries 
management requires detailed knowledge of near shore benthic habitats, in order to 
strategically focus conservation efforts on those areas vital to fish breeding and rearing. 
Regrettably, this information is unavailable for most of Lake Tanganyika. In this project, 
we address this knowledge gap using marine-type geophysics coupled with sediment 
sampling in the Nature Conservancy’s Tuungane Project northern Mahale ecosystem, a 
region selected for the presence of: (1) a rich baseline of biological census data; (2) 
numerous isolated rural fishing villages suffering from a degraded fishery; and (3) areas 
within a national park marked by intact fish communities. New acoustic geophysical data, 
in concert with insights on sediment texture and radionuclide-derived sediment mixing 
and accumulation rates, will be used to fully characterize the bathymetry, substrate type, 
and depositional dynamics of end member benthic habitats in both altered and pristine 
states.  These data will form the framework for defining small protected zones that will 
secure the health and productivity of the littoral fishery and thus improve the quality of life 
of lakeshore villagers. 
 
GEOPHYSICAL NEEDS 

1. Detailed echo-sounder surveying of both impacted and pristine end member littoral 
environments in the Greater Northern Mahale Ecosystem 

a. Used to produce bathymetric maps and define the position of the 30m 
isobath; the littoral zone area from 0-30m water depth is a critical 
environment for fish spawning and therefore the priority for conservation 
and management 

2. Detailed side scan sonar survey of both impacted and pristine end member littoral 
environments in the Greater Northern Mahale Ecosystem 

a. Used to assess benthic habitats and substrate types 



3 
 

3. Targeted CHIRP sub-bottom surveys of impacted littoral environments in the 
Greater Northern Mahale Ecosystem 

a. Used to assess the evolution of delta systems that have recently been 
modified by human activity and land use change 

4. Surface sediment and short sediment core surveys of both impacted and pristine 
end member littoral environments in the Greater Northern Mahale Ecosystem 

a. Used to provide “geological ground truth” for side scan sonar interpretations 
(lake floor surface sediments) and used to asses recent sedimentation rates 
in order to validate predictions about sediment pollution from onshore land 
cover changes (agricultural modifications) (sediment cores) 

 
FIELD STUDIES 
2015-2017 data collection efforts on Lake Tanganyika: 

 ~120 line-km of 400/900 kHz side scan sonar tracks (100 m swath) using an 
Edgetech 4125 sonar acquisition system deployed from the M/V Doria II (Figure 
2) 

 ~1250 line-km of 28/200 kHz echo sounder tracks using the Garmin acquisition 
system deployed from the M/V Doria II  

 ~50 line-km of 10kHz CHIRP seismic data using a SyQwest Stratabox HD single-
channel acquisition system 

 Surface sediment ground truth database (n=180) using dredge sampling from the 
M/V Doria II  

 Ten short sediment cores (n=7 transported to the University of Kentucky; n=3 
transported to TAFIRI-KIGOMA) collected using a UWITEC gravity corer deployed 
from the R/V Echo and M/V Maman Benita 

 
Research in Tanzania was conducted lawfully using permits obtained by the PI from 
COSTECH, the Tanzania Commission for Science and Technology. Fieldwork at Lake 
Tanganyika was facilitated by the Tanzania Fisheries Research Institute (TAFIRI-Kigoma; 
http://kigoma.tafiri.go.tz/), the Tanzania Fisheries Enforcement of Mahale village, the 
Mahale Mountains National Park, and the TNC-Tuungane Project.  The TNC-Tuungane 
Project maintains an outpost at Buhingu village (Figure 1), which served as a base of 
operations for our field studies.  TNC-Tuungane Project staff, in collaboration with project 
partners from TAFIRI-Kigoma, were able to organize lakeshore villagers and beach 
management teams for education and outreach relating to the goals of our SEG-GWB 
project.   
 
INTERPRETATION OF DATA 

Figure 3 illustrates the bathymetry data for the Kungwe Bay and Lubulungu River 
Delta field sites.  Note that Kungwe Bay is comprised of several distinct, crescent-shaped 
bays of varying size (Igalula, Buhingu, Mgambo, Nkonkwa, Katumbi, Kalilani) separated 
by headlands, as well as two river deltas that are strongly influenced by onshore 
agricultural practices (Lagosa and Katobelo Rivers). Fishing villages are present across 
this area (several have been organized into self-governing beach management units with 
the help of the TNC-Tuungane Project), and onshore modification of the landscape is 
considerable from settlements and subsistence farming.  Figure 4 illustrates the results 

http://kigoma.tafiri.go.tz/
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of our sedimentation rate study, which confirms elevated sediment accumulation rates in 
this area of the lake.  The Lubulungu River, its delta, and its headwaters are located within 
the Mahale Mountains National Park (http://www.tanzaniaparks.go.tz/), which is a large 
scale protected area that extends ~1 km offshore into Lake Tanganyika.  Figure 5 shows 
representative examples of side scan sonar imagery from our field studies, with a focus 
on sub-lacustrine crystalline bedrock and boulders. We identified seven substrate classes 
using our combined geophysical-limnogeological analysis: (1) crystalline basement 
substrate, (2) carbonate-cemented sandstone substrate (“beach rock”), (3) 
unconsolidated sandy substrate, (4) shell bed substrate, (5) muddy substrate, (6) 
heterogenous substrate, and (7) vegetated substrate.  The priority for establishing new 
small-scale protected zones in Kungwe Bay is to identify areas of the littoral zone with 
crystalline bedrock substrate in <30m of water.  Our analysis shows that ~7% of the 
Kungwe Bay littoral zone is comprised of crystalline bedrock; our working hypothesis is 
that sub-lacustrine outcrops of crystalline bedrock are controlled by normal faults that 
extend from the Mahale Mountains offshore.  Our maps of offshore bedrock will inform 
the placement of new “no-catch” protected areas in Kungwe Bay.   
 
At present, we anticipate several new publications to be produced that focus on project 
data: 

 Lucas et al., Geophysical benthic habitat mapping at Lake Tanganyika: 
Implications for placing small scale fisheries protected zones for Aquatic 
Conservation (or similar) 

 McGlue et al., Anthropogenic changes influence littoral sedimentation and benthic 
habitats in central Lake Tanganyika for Geophysical Research Letters (or similar) 

 McGlue et al., New constraints on age model development, the radiocarbon 
reservoir effect, and sediment accumulation rates in central and southern Lake 
Tanganyika for Quaternary Geochronology (or similar) 

 McGlue et al., Habitat Mapping for Humanity at Lake Tanganyika for The Leading 
Edge (or similar) 

 
To date, two other publications have leveraged project data: 

 Cohen et al., Climate warming reduces fish production and benthic habitat in Lake 
Tanganyika, one of the most biodiverse freshwater ecosystems, PNAS 113 (34), 
9563-9568. 

 Busch et al., Linking watershed disturbance with nearshore sedimentation and the 
shell beds of Lake Tanganyika (Mahale Mountains, Tanzania) under review at 
Environmental Earth Sciences 

 
To date, several public presentations have been made or will be made using project data 
that had published abstracts: 

 McGlue et al., Conservation paleolimnology at Lake Tanganyika (Tanzania): 
Insights from side scan sonar and sediment cores,  GSA Annual Meeting 2018 

 Smiley et al., Preliminary nearshore sedimentation rate analysis of the Tuungane 
Project Northern Mahale Conservation Area, Lake Tanganyika (Tanzania), AGU 
Annual Meeting 2017 
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 McGlue and Soreghan, New progress on radiocarbon geochronology in southern 
Lake Tanganyika (East Africa), AGU Annual Meeting 2017 

 McGlue et al., A limnogeological toolkit for benthic habitat mapping and fisheries 
conservation at Lake Tanganyika (East Africa), Africa Great Lakes Conference 
2017 

 Soreghan et al., Impact of landuse change and sedimentation on shell-bed 
ecosystesms of Lake Tanganyika, Africa Great Lakes Conference 2017 
 

To date, several public presentations have been made using project data that have not 
had published abstracts: 

 McGlue and Lucas, GWB Progress Report, SEG Annual Meeting 2015 

 Lucas and McGlue, GWB Progress Report, SEG Annual Meeting 2016 

 McGlue and Lucas, University of Kentucky Dept. of Biology seminar, 2016 

 Lucas et al., 6th Annual Tracy Farmer Institute of Sustainability Forum, 2016 

 McGlue, University of Kentucky Water Week Seminar, 2017 
 
THE HUMAN ELEMENT 
2015-2017 project participants included: 
 

1. College Professors: Dr. Michael McGlue, Dr. Kevin Yeager (University of 
Kentucky), Dr. Michael Soreghan (Oklahoma University), Dr. Peter McIntyre 
(University of Wisconsin), Dr. Katie Wagner (University of Wyoming), Dr. Andrew 
Cohen (University of Arizona) 

a. McGlue was the overall PI and led all field expeditions, laboratory work, 
student training, and outreach. 

b. Yeager led analysis of sediment cores for 210Pb analysis and student 
training in sedimentology. 

c. Soreghan was funded by the NSF to examine shell beds at Lake 
Tanganyika, and proved to be a critical partner for fieldwork; Soreghan led 
the collection of CHIRP seismic data. 

d. McIntyre, Wagner, and Cohen are experts in fisheries biology and 
conservation paleobiology at Lake Tanganyika, and provided intellectual 
input into survey design and rationale; they were funded by other sources. 

 
2. Student Participants: Mr. Joseph Lucas, Mr. Patrick Ryan, Ms. Kimberly 

Schindler, Ms. Cara Peterman, Ms. Rebecca Smiley (University of Kentucky), Ms. 
Emily Ryan, Mr. James Busch (Oklahoma University), Ms. Anna Gravina 
(University of Arizona), Ms. Jimena Golcher-Benavides (University of Wyoming) 

a. Lucas participated in all field campaigns and is in the process of completing 
a thesis and publication manuscript on the bathymetry, sediment sample, 
and side-scan sonar data. 

b. Smiley is completing an undergraduate research project on sedimentation 
rates in Kungwe Bay using 210Pb data she has helped to develop and 
interpret. 

c. Ryan participated in field work associated with the project and received 
training in bathymetric mapping and surface sediment sampling. 
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d. Schindler and Peterman participated lab work associated with the project 
and received training in sedimentology and grain size analysis. 

e. Ryan and Busch participated in field research under the supervision of 
Soreghan, and received training in core skills related to benthic habitat 
mapping. 

f. Gravina participated in field research under the supervision of Cohen, and 
received training in field methods on limnogeology. 

g. Golcher-Benavides participated in field research under the supervision of 
Wagner, and received training in core skills related to benthic habitat 
mapping. 

 
3. Project Fisheries Scientists: Dr. Ishmael Kimirei, Mr. Athanasio Mbonde 

(Tanzania Fisheries Research Institute-Kigoma station)  
a. Kimirei coordinated the permitting and the deployment of field equipment 

from the TAFIRI-Kigoma office, and provided intellectual guidance fisheries 
and conservation science on Lake Tanganyika. He is the lead PI for 
Tanzanian scientists, and received equipment donations for future mapping 
and sampling efforts on the lake. 

b. Mbonde participated in all fieldwork and received training in benthic habitat 
mapping. He served as a liaison and interpreter between American 
scientists and government officials working on Lake Tanganyika. 

 
4. Project Conservation Analyst: Mr. Colin Apse (The Nature Conservancy) 

a. Apse is the freshwater program coordinator for TNC, and he facilitated 
access to baseline biological survey data, existing information on protected 
zones, remote sensing data, and other resources related to Tuungane 
Project activities in the northern Mahale ecosystem. 

 
5. Project Logistics and Outreach: Mr. Peter Limbu (The Nature Conservancy), Mr. 

Mupape Mukuli (self-employed) 
a. Limbu is the Tuungane field station director at Buhingu Bay and he helped 

to organize outreach and training for local villagers.  He was a key supporter 
of project logistics, helping to schedule boats, refueling operations, 
food/water, sleeping arrangements, and liaisons with local officials. 

b. Mukuli was the project interpreter and marine engineer.  His role was to 
translate for the American teams, building relationships with the local fishing 
villages, and troubleshooting marine engines and electronics. 

 
LESSONS LEARNED 

Benthic habitat mapping using high-resolution geophysical tools is an approach 
that should be considered for Lake Tanganyika in its entirety.  Import/export of tools 
remains a challenge, and the availability of suitable vessels can at times be unreliable.  
But the impact of empowering lakeshore villagers to manage and conserve fish resources 
is undeniably high.  To be sure, beach management units face challenges both internally 
and externally, but using geophysics to inform the location of small scale, locally 
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administered protected zones adds considerable value to fish conservation strategies at 
Lake Tanganyika. 
 
Positive Lessons Learned: 

1. The remoteness of the field site was not an impediment towards successful 
execution of the field program; all critical datasets to make the project successful 
were acquired over three field seasons.  Logistical support and science inputs from 
TAFIRI-KIGOMA (particularly Dr. Kimirei) and TNC-Tuungane (especially Mr. 
Apse) were key to the success of the field program. 

2. The opportunity to engage the Tanzania Fisheries Enforcement organization, 
stationed in the Mahale region, was a positive because their vessel, the M/V Doria 
II, was nearly ideally suited for acquisition of side scan sonar data. 

3. Local villagers were generally receptive to our presence and activities on the lake; 
we did not encounter major bureaucratic or diplomatic roadblocks, which was 
largely due to the presence of Mr. Mbonde (TAFIRI-Kigoma), Mr. Limbu (TNC-
Tuungane), and Mr. Mupape. 

4. The data acquired by the project was indeed useful for improving conservation 
strategies in the northern Mahale ecosystem at Kungwe Bay.  It is clear that more 
of this type of data would be hugely beneficial at Lake Tanganyika. Much of the 
lake’s littoral zone has never been mapped with high resolution geophysical tools, 
and the problems articulated in the project overview are widespread. If additional 
funding were available, the approach could be extended to fishing villages in the 
southern Mahale and Kipili regions. 

 
Negative Lessons Learned 

1. Wind-driven waves can be extreme in the northern Mahale region of Lake 
Tanganyika during the boreal summer months. Data acquisition on the lake was 
limited on most days to ~5-6 hours; once mid-day was reached, wind and waves 
often became too strong/large to acquire high-quality data.  

2. Kungwe Bay is strongly influenced by a somewhat predictable east-west current 
system that can make navigation and data acquisition by small boat very 
challenging. 

3. With the change in president in 2015, a number of administrative changes to 
permitting occurred in Tanzania which departed from past practices. The project 
team had to learn these new regulations quickly, and in some cases paperwork 
was delayed.  These changes did not prevent successful research on the lake.  

4. Although many Tanzanians speak English, the project team learned that 
outreach/education activities with the people of local fishing villages should have 
been conducted at a slower pace, to accommodate for difficulty with the American 
accent.       

 
CONCLUSIONS 
 In sum, it is clear that the “Benthic Habitat Mapping for Humanity – Using 
Geophysics to Improve Fisheries Conservation at Lake Tanganyika, Tanzania” has had 
a highly positive impact in a number of ways.  First, our acquisition and analysis of high 
resolution geophysical data will help locate new protected areas in Kungwe Bay (TNC-
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Tuungane’s northern Mahale ecosystem site), and help to assess the impact of protected 
areas established prior to the start of our mapping project. Ultimately, these protected 
zones may help fish populations to stabilize or recover in this area of central Lake 
Tanganyika.  Second, echo-sounding and low power side scan sonar equipment donated 
to the TAFIRI-Kigoma station can be used to carry out additional bathymetric mapping 
and simple benthic habitat assessments by our Tanzanian partners, which will help 
sustain efforts until new sources of funding can be obtained to continue the research at a 
larger scale elsewhere on the lake.  Third, outreach and education to lakeshore villagers 
that help to run beach management units in the Kungwe Bay provided an opportunity for 
project participants to explain the value of using geophysics to inform fish conservation 
strategies; these interactions are important for building awareness of the impacts of global 
change and helping to build social resilience.  Fourth, the project resulted in new exposure 
of geophysical techniques and theory to a number of U.S. students, who have had the 
opportunity to “learn by doing” in an area of the world where science can be applied to 
help large populations of impoverished people.  The project team is grateful to the SEG-
Foundation for the opportunity to conduct this research, and we look forward to carrying 
out additional science in the service of humanity at Lake Tanganyika in the future. 
 
FINANCIAL STATEMENTS 
Please see the accompanying spreadsheets provided by University of Kentucky’s 
financial services department. These were sent by Ms. Colleen Morrissey on March 22, 
2018. 
 
FIGURES 
As this work is as yet unpublished, please do not make figures available publicly.  

Figure 1: Lake Tanganyika, the field site for our 
Geoscientists Without Borders project focusing on 
benthic habitat mapping using a suite of limnogeological 
tools, including high-resolution echo-sounding, side 
scan sonar, and CHIRP seismic.  The inset map shows 
the geographic position of the lake in the East African rift 
valley. The field sites are labelled in red.  
Buhingu/Mgambo Bays are found within greater Kungwe 
Bay and are part of the Northern Mahale Ecosystem that 
is being studied by the Nature Conservancy through the 
Tuungane Project.  This area is strongly impacted by 
human activities both onshore (land use change leading 
to littoral zone sediment pollution) and offshore 
(overfishing and illegal fishing practices). The Lubulungu 
River delta is completed housed within the Mahale 
Mountains National Park, thus serving as a pristine end-
member for littoral environments. 
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Figure 2: Map of bathymetry survey track lines, side scan sonar track lines, and surface 
sediment samples collected in Kungwe Bay. 
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Figure 3: Surfer derived bathymetric 
maps of the Kungwe Bay (upper panel) 
and Lubulungu River delta (lower panel) 
field sites. These are the highest 
resolution bathymetric maps ever 
produced for Lake Tanganyika. The 
platform near Lubulungu has some 
remarkable channels offshore of the 
delta mouth, which likely form conduits 
for sediment transport offshore. Note 
that the Lagosa River near Igalula is 
highly impacted, leading to a higher 
sediment load and much shallower 
water depths at greater distances from 
the shoreline.  Rift-related structures 
also impact the arrangement of isobaths 
in Kungwe Bay, particularly near 
Kalilani, Bulu Point, and Katumbi. We 
hypothesize that rift-related faults also 
control the presence of bedrock 
substrate, and thus may be a focal point 
for future fish protection sites. 
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Figure 4: 210Pb-derived sedimentation rate data for sites on the Kungwe Bay. TANG14-

1MC-1A = Kalilani.  TANG16-1A-1G = Igalula. TANG16-2A-1G = Kalilani.  TANG16-2A-

1G = Buhingu. TANG16-3A-1G = Mgambo.  TANG17-11A-1U = Nkonkwa.  TANG17-

10A-1U = Katumbi.  TANG16-4A-1G = Katobelo.  Note that linear sedimentation rates 

vary across Kungwe Bay, but they are slowest at Kalilani, which is the least modified 

landscape due to the presence of the Mahale Mountains National Park. The highest mass 

accumulation rate is found at Igalula, where the heavily impacted Lagosa River delta is 

located.  
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Figure 5: Examples of side-scan sonar images collected in Kungwe Bay using the 

Edgetech 4125 device at 400/900 kHz (100m swath).  The upper panel illustrates the 

presence of bedrock and bedrock cobbles on the lake floor, which forms a critical habitat 

for pelagic fish that swim inshore to spawn; such areas are the focus of mapping and 

conservation efforts.  The lower panel illustrates sedimentary structures (nearshore sand 

waves) and lake margin vegetation that can be detected and mapped with this system. 


