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Linguistic diversity globally (from Gorenflo et al. PNAS 2012)




Africa hosts all or part of 9 of total of 34 biodiversity hotspots

From Myers et al. (2000) & Lamoreux et al. (2006)
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Urbanisation is proceeding faster on the continent
than anywhere else on Earth — more than 50 cities
population >1 million

Cape Town, SA

w

More than 50% population urban by 2030 .....

Lion economies on the go

Go south, young man

World's ten fastest-growing economies™
Annual average GDP growth, %

Angola 1.1
China 10.5
Myanmar 10.3
Nigeria 8.9
Ethiopia 8.4
Kazakhstan 8.2
Chad 7.9
Mozambique 7.9
Cambodia 7.7
Rwanda 7.6

China 9.5
India 8.2
Ethiopia 8.1
Mozambique 7.7
Tanzania 7.2
Vietnam 7.2
Congo 7.0
Ghana 7.0
Zambia 6.9
Nigeria 6.8

* Excluding countries with less than 10m population

and Irag and Afghanistan

t 2010 estimate t IMF forecast

Sources: The Economist, IMF




Rapid changes in landcover

Conversion of swamps to wetland agriculture (rice, Rwanda)




Africa’s collective GDP expected to
more or less double between
2008-2020

Asian countries (China, Japan, South
Korea) are important drivers of this
change

India too — annual trade between India
and African countries increased from 3

billion USS in 2000 to 46 billion USS in
2010 (>15 x)




Many factors facilitating
this change:

» Liberal economies (post g
IMF/WB restructuring of

1980s & 1990s),
including labour laws

> Most land is state-
owned

> Abundant resources

» Perception that
resources are under-
utlised (e.g. Africa has
60% of world’s
uncultivated land?)

But uncultivated and marginal are not the
same as unneeded and unused — and even
may be untrue




Lioness, Kidepo National Park,
northern Uganda

A new scramble for Africa: real lions on the move?
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tion & biodiversity - from Hennig (2011)

Scale

1 million ha “ “

Net loss Net gain

. 1990-2000 - 1990-2000
. 2000-2010 (million ha/yr) - 2000-2010
D Africa |:| Asia |:| Europe |:| North and Central America |:| Oceania - South America

Global forest loss 1990-2010 (FAO 2010)




How do current and projected changes compare
with past environmental changes in Africa?

Several sources of information, basically:

» Direct —e.g. instrumental records, archived
reports, photographs etc, landscape features
etc

but often incomplete, geographically
restricted etc

» Indirect —i.e. proxies of environmental changes

Weather station, Mozal Aluminum Smelter.
Maputo, Mozambique: installed in 1998

often difficult to interpret




Environments throughout Africa are rapidly changing...

Problems come in interpreting and dating these forms of evidence — what component of
environment changed, when and at what rate to have these effects?




Difficulty of interpreting cause from effect
(many different causes have the same or
similar effect). Also some effects may not
agree with established narratives

Lake Bunyonyi, Kigezi, August 1984
(own PhD fieldwork)

Lake Bunyonyi, Kigezi, August 2008
(with thanks to Gail McGlynn)
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e.g., Lolldaiga, Laikipia Plateau, Kenya

Fire off

o= International boundary
= Province boundary

INDIAN
OCEAN

» % National capital
H ©  Province capital
Railroad
Road

50 100 Kilometers
o L) 100 Miles

Fire prevention has led to
changes in % tree cover in
some savanna/woodland

habitats

Photographs c/o Laragh Larsen




Other sources of evidence, including documentary and instrumental records

e.g. Lake Victoria: variations in lake level during the historic period

historic high: 13.33 m

gauge dato—

satellite doto—

nstoric low: 10,13 m

1 1 1 | | 1 | | | ]
1210 1620 1930 1940 1950 1960 1970 1980 18S0 2000

Source:
USDA
Foreign
Agricultural
Service




10 year mean levels

] (minima)
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91 River Nile \ - 6m
-
600 700 800 90 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000

Years AD

One of the longest instrumental records anywhere in

the world and certainly in Africa is the nilometer, at the ;0“ ik
mouth of the Nile (actually several locations overitsc. == =

3500 years history)

MEDITERRANEAN SEA




Sedimentary environments (lakes,
swamps, floodplains) can
potentially yield long, continuous
records on environmental change
drivers and effects
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Phytoliths

23 mm

charcoal

diatoms

Frustulia
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Sediment-based information also includes isotopic evidence (both stable and radioactive),
remains of DNA etc that can be used in the reconstruction of past environments.

For example, radiocarbon (**C) can be used to establish the age of sediment-based evidence,
and past rates of environmental changes

. Radiocarbon decay

Vegetation 610

1.6

Percent of Carbon-14
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O documents
O treerings

7;‘( ice cores

() corals
/\ speleothems
O lakes

3 pollen

Locations of high resolution climate proxy records in Africa extending beyond ¢ 1880 AD
(from Verschuren, 2004)




Basins %4
[£2 Congo-Zaire |+
2% Nite
¥ Lake Rukwa
&% Loke Eyasi
822 Rutiji
& Zambezi

Tanganyika:

the largest of the rift valley lakes
of eastern Africa

=32 000 km? surface area;
= > 700 km long
=1470 m maximum depth

= > 5° [atitude

=230,000 km? catchment area,
incorporating 2000 m of altitude
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Virunga volcanoes — part of the Albertine (Western) Rift
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M)Gahinga Muhavura
"




Three very basic research questions:

1) How have environmental conditions changed on hundreds to thousands of years
timescales, as recorded in sediments accumulating in the Virunga volcanoes?

2) What are the likely drivers of any changes?

3) What, if any, are the implications for development and conservation?




Three sites studied in detail to date:

Crater lake on Muhavura (ca. 4127 m
above sea level)

Camp site, Muhavura

Crater swamp on Gahinga (ca. 3474 m
above sea level)

26
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Sediment dpth (m)
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Depth(cm)

Calibrated age range
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Distance across transect (m)
0 10 20 30 40 50 60

0 - =
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80 90

Gahinga record — from a Sphagnum (moss)

swamp

Sediment depth

Sediment depth
continued beyond
extent of measur-
ing equipment

Sampling site for
Livingstone mom
coring




GAH crater swamp site AMS'4C dates
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Massive peak in magnetic susceptibility = incorporation of ash
(tephra) from eruption of Muhavura ca. 5500 BP (but no link to
increased burning apparent)?
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Long-distance pollen
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1

Pollen data from McGlynn, Mooney & Taylor (2013) Sediment-based evidence for Holocene environmental
change from the Virunga volcanoes in the Albertine Rift, central Africa Quaternary Science Reviews 61: 32-46
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Sediments accumulating in the crater sites at Muhavura and Gahinga have also
yielded ancient sedimentary plant DNA — up to 5000 years old — that can be identified

to plant taxa ... the first time this has been done in the humid tropics!




(a)

Age

(cal yrs BP) (cm)

500
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1500
2000
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(b)

Age
(cal yrs BP) (cm)
0 —

sedaDNA data
Depth Pollen data GAHY_ 11-15cm
Brassicaceae *Hypericum sp.
0 GPZ3 *Dendrosenecio sp. *Podocarpus sp. g;%ﬁzgénaceae '5,‘,’,’,2‘3,5,5,‘,’, sp.
*Acalypha sp. *Dodonaea sp. *Prunus sp. Erica sp. Veronica sp.
7 *Alchemilla sp. *Ericaceae *Rapanea sp. 7| *Gnaphalieae
*Amaranthaceae/ *Euphorbia sp. “Rumex sp. GAH1_35-38cm
100—] Chenopodiaceae *Hagenia sp. *Solanum sp. \‘
Apiaceae “Hypericum sp.  Sphagnum sp. GAH2_158-161cm
- *Asteraceae Macaranga sp. *Terminalia sp. *Gnaphalieae
*Capparaceae  *Morella sp. Trema sp. \’
200 *Celastraceae *Olea sp. *Trilepisium sp.
*Celtis sp. *Phyllanthus sp. *Urticaceae -\GA.HB 210-212cm
*Cyperaceae *Poaceae Vernonia sp.
= Isolepis sp.
GAH3_280-282cm
e =
_| Acalypha sp. Ericaceae Prunus sp. Poaceae
Alchemilla sp. Euphorbiasp.  Pteridium sp.
Apiaceae Hagenia sp. Rapanea sp.
4007 Asteraceae Hypericum sp.  Solanum sp.
Capparaceae Maesa sp. Sphagnum sp.
- Celastraceae Nuxia sp. Trema sp.
Celtis sp. Olea sp. Trilepisium sp.
500— Cyperaceae Phyllanthus sp. ~ Typha sp.
Dendrosenecio sp. Poaceae Urticaceae
| Dodonaea sp. Podocarpus sp.
Polyscias
600
GAHT7_640-642cm
] Poa sp.
G PZ1 Brassicaceae
700 Morella sp.
Acalypha sp. Myrsine sp.
| Celastraceae Olea sp.
Celtis sp. Poaceae
800 Cyperaceae Podocarpus sp.
Ericaceae Polyscias sp.
Euphorbia sp. Rapanea sp.
" Lobelia sp. Trema sp.
Maesa sp. Urticaceae
900+
1000-

Th Herbaceous peat

[ Moss fragments

EITI Wood peat

R

* = taxa that occur in the most recent pollen zone at both sites (GPZ3 and MPZ2)

o_

200
400
600
800

1000

1200
1400

1600

1800

2000

2200

2400

26007

2800

MUH4_10-11cm sedaDNA data
Depth Pollen data Alchemilla sp. *Gnaphalieae Senecioneae
M P22 _| Breutelia sp. Lobelia sp.
*Hypericum sp. |75757% MUH4_18-19cm
| "Acalypha sp. *Morella sp. 20 _/ Alchemilla sp. Callitriche sp.  Morella sp.
*Alchemilla sp. Nuxia sp. Andreaea sp. Galium sp. Poa sp.
20— "Amaranthaceae/  *Olea sp. —>| Asteraceae *Gnaphalieae  Ranunculus oreophytes
Chenopodiaceae *Phyllanthus sp. <% Avenella flexuosa [ obelia sp. Senecioneae
4 *Asteraceae *Poaceae NSK Breutelia sp.
*Capparaceae *Podocarpus sp. Kol MUH4_26-27cm
40| *Celastraceae Polyscias sp. [ Alchemilla sp. *Gnaphalieae  Orthotrichaceae
*Celtis sp. *Prunus sp. Avene/lg flexuosa  *Hypericum sp. Poa sp.
1 Combretum sp. *Rapanea sp. Breutelia sp. Lobelia sp. Senecioneae
_| *Cyperaceae *Rumex sp. Callitriche sp. Morella sp. Solanum sp.
60 “pendrosenecio sp. *Solanum sp. Closterium sp.
i ’quonaea sp. *Terminalia sp. MUH2-1_75-79cm
| :Ez;zzf:; sp Tﬁl/:gl:/um 2 Alchemilla sp. Fabaceae Poa sp.
80 *Hagenia sp ’ ’l}jﬁicacz.ae ALY’ Avenella flexuosa *Gnaphalieae  Senecioneae
4 ’ Breutelia sp.
100 MUH2-2_160-163
M P Z1 Alchemilla sp. Iridaceae
B Hagenia sp. Avenella flexuosa  Lobelia sp.
_| Acalypha sp. Hypericum sp. Breutelia sp. Poa sp.
120 Alchemilla sp. Lobelia sp. MUH2-1 130-134
. ::I:])phy Iuhs SP: y Macaranga sp. Alchemilla sp. Gnaphalieae
aranthaceae, Maesa sp. Andreaea nitida  Lobelia sp.
140— Chenopodiaceae  Morella sp. Avenella flexuosa Poa sp.
Artemisia sp. Nusxia sp. X Breutelia sp. Swertia sp.
-| Asteraceae Olea sp.
Capparaceae Phyllanthus sp.
160 Caryophyllaceae  Poaceae
Celastraceae Podocarpus sp. MUH2-3_220-223
7| Celtis sp. Polyscias sp. Alchemilla sp.
180 Cltiasp. Prunus sp. Breutelia sp.
Croton sp. Rapanea sp. Lobelia sp.
_| Cussonia sp. Rumex sp.
Cyathea Solanum sp. 7 MUH2-4_245-248
200-| Cyperaceae Sphagnum sp. {373 “’
Dendrosenecio sp.  Trema sp. Ranunculus sp.
- Dodonaea sp. Trilepisium sp.
Ericaceae Typha sp.
220 Euphorbia sp. Urticaceae
240

Homogenous lake mud,

highly elastic

on

Herbaceous plant fragments
(particularly mosses)

Silt particles

[0

(0.002-0.06mm)

Ga/Gs

Mineral grains
(0.06-2 mm)

Comparison of seda-DNA and sub-fossil pollen in sediment samples from Virunga sites

(research in conjunction with Biosystematics Research Group, Natural History Museum, Oslo, Norway. Data from
Boessenkool, McGlynn, Epp, Taylor, Pereira, Gizaw, Nemomissa, Brochmann and Popp (submitted) Ancient
sedimentary DNA from a biodiversity hotspot in the humid tropics introduces a novel tool in conserving high altitude
tropical biodiversity Conservation Biology )
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Recent (atmospheric) fertilisation effect? Evidence of the ubiquity of recent (last 100-150
years) human impacts?

Diatom data for Muhavura crater lake from McGlynn & Taylor (in prep) Global Change Biology
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Bisoke has two
relatively easily
accessible crater sites
—only one has a lake,
however —c. 3700 m
amsl|




Isoke camp, August 2010




Bisoke summit camp most days .......







110 cm-long core of sediment recovered.
Now being analysed for diatoms and pollen
(charcoal already completed)

Calibrated age range (cal yrs BP)
0 200 400 600 800 1000 1200 1400 1600
. A . L L L A )

20 +

40 +

Depth (cm)

60 —

80 -

100 -

Chronological control (5 14C dates) is so
far not so good as at other two sites —
age anomalies around 60-80 cm.
Awaiting 21°Pb/13’Cs dates and
additional *C date to check whether
uppermost part of core is intact




Research in eastern Africa is ongoing, but is
producing interesting information on long-
term environmental changes:

*Environments have never been stable for
long, if at all — driven by climate change,
volcanic activity and human impact

*The past impacts of these drivers —and
interactions between them — should become
more clear as further data are obtained. But
cause-effect relationships are complex and not
easily modelled .....

*Current remnants of forest are not pristine
(composition contains an imprint of past
environmental change impacts) and rainfall
levels may have varied hugely in past

*New sediment proxies (e.g. ancient DNA)
have potential to open up new areas of
research, including restoration of degraded
habitats




Thank you!

Early morning view from the Nile-Congo divide, Rwanda






