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l. Abstract

The rift lakcs Albcn and Edward, ss well as Lake Ccorge, USanda, were samplcd at
nea$hore and offshore sir€s during March 1995 with attenrion to water column
chemistry, plankton biomass, and produclion ntes. Biomass of phytoplankron exceeds
that of zooplankton in borh rifr lakes, and rhe predictive reladonship betwcen lighr
artenuation and particular€ chlorophyll is consistent wirh thar of Late Victoria.
Cyclopoid copepods dominar€ Albert and Edwardi calanoids are rare (<l mr) and
Cladocem represcnt less than ten percent of zooplankron biomass. Alrhough previously
reporled to be pr€sent in olher fak€s in rhe Nile sysr.m, Themodiaptonus galebi \as
not confirmed in l,ale Alben before this study. Adult males and ovigerous females of
lhe spccies were coll€ctcd in lnke Alb€n and immatuc femalcs wer€ sampled in Lake
Edward. Mesocyclops oB lrrnur w.s coll€cted ftom kke Albert, which is a new rccord
for this species ftom East African Rift Vall€y lakes. Present warer lemperatures of
Lake Alben sre elevated by about 0.5 .C compared vith historicsl records, a
circumstance which palallels changes recorded for kke Victoria. Bolh Alb€rr and
Edward have lower levels ofTotalP and nitrare than historical accounts have reported.
In shallow Lake George, heterocysr-forming cyanobacbria ard c€n(ric diaioms wer€
rare conparcd wilh historical records, a recenr condirion rhat may be the resuh of m€ral
contaminatiot, especially by copper from mining acrivities in the Ruwenzoris.
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2. Inhodu€tion

The Westem Rift of East Africa, nonh of the Virunga volcanoes, contains two ancient

lakes that attsacted scientiflc attention since theh discovery by Ewopeans more than a

centuy ago. Underlain by sedimenis of gl€at antiquity, Lakes Albert and Edward

together with Lake Victoria constitute the major lake sources of the White Nile and
contribute to the dch limnology of centsal East Afiica. These lakes have not been

subject to comparative examination of limnological properties for over two decades'

despite changes in land use, fisheries exploitation, population gro\t'lh, and regional

climate. In order to identify modem conditions, we undertook limnological sanpling

and proc€ss rate expedments at these lakes in 1995
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.Lake Albert is a chuacFdstic half graben hkc oi rnaximun deprh 58 nr, dnd 530{)
km'sur facc.vea,  ly ing at  sur facc e levat ion o l  615 In (F iS.  l ) .  The lake recei lcs 1r \
main inflow at rlre south fronl the Scmliki Riv$. Nhich desccnds trom Lake Ed$1rd.
xnd $hich ri\er is borh augmenred and diluted bJ triburffy streams ftunr rhe no hc|1r
stotes o l  r l rc  Ru$cnzor is  (Viner  1975).  Thc vrcror i r  Ni lc  enters Lake Alberr  , rs
nor thernnrost  end.  ! rhere i l  Jo ins rhe nonh$ard oul t low ol  lhe Alben Ni te.

Lnkc Ld\r .d is  a smal ler  (2125 kmr l  and dccpcr  012 m) r jhed basin.  Thc lakc
reachcs its nrrxinrunr deprh \rithin 5 krn ol rfic wcsrcrn (Congo) shore. and stoFs
gradur l ly  ro the Ugandr shore.  The la l ic  rccer lcs drr jnr8e f fom rhc sourhwcslcrr )
Ruwcnzor is ,  l lonr  the Rwrnda h ighlands,  rnd t io l l r  rhe Vi runga votcanocs to lhc i )u l t r .
Sonre in l los occurs rhruugh the Kazi rSn Chrnnel  t io ln. r  shal low (2 nt  but  ( , f l icx !
dcep rnd hypcreurrophic northcrstern basin. t-akc Ccorre Lake Ceorge had bccn w.
studicd dLrrurS thc 1960s as fa of  I  Royal  Socict )  romponenr of  rhc In lcrnrr ionr l
Bro lor icr l  Progrrnnr)c (Burgis  et  a l .  l97 l ) .  Subscqucnt ly  rhc l rke has bcconrc rn d$
oicnr i ronmcr la l  eonccrn hecause o l  hcaly m.(x l  conr  n i inr t ion by coptcr  and col \x l r
konr  nr in inr  o l )cr l r lons in  lhe Ru$cnzor is  ( t )cnn\ '  cr  l t  1995).

3. Nlrlhods

I- rkc Albcn wrs s nr t lcd ncarsho.c (5 nr)  rn( l  0Jt i lxnc (AI- l  q0 n,  t idn BL i rh i ,
lJ8 l rdr  in  rhc nor lhc lnc l r  hal l  o l  lhe l rke.  l . r le  l ldwl | r l t  wl rs  sanrplc( l ' renrst rorc c l t )se
lo l lc  nroulh o l  lho K / iDga Chrnn. l  ( [DI , .1  nr)  rs  wcl l  ls  r r  rwo o{ t !ho,e k)( r t i (ns
{ l i l )2 .  l8  I r  rnd EDl ,  25 nr) .

In  sr lLr  t r (n i [s  o l  lcnrpcraturc,  ox]gen,  pH,  nd eon( lucnvi ry  w.rc obr tuned wi th rn
[ndrco/YsI  an)00 C ID cquipped wirh in lernr l  d lh toggcr  Oxygen xnd pH ctcc l r )des
Ncre crhhrr tcd creh dal  o i  usc and in s i ru t ro l i [s  o l  d i \v) t lcd oxyScn $erc turrhc l
. r l ib furcd ig . r ins l  sur tucc $rrcr  nrcrsurcnrc ' r ts  hy Wr kt . r  r i r r  i .n .  Conduel i \ i r i f \  ] l
In  sr lu  r 'nrJ ic futur .s  $crc cr)n\cr l .d  l r )  s fcc i l l (  .ondur l l lnce r r  25 .c  by usrng r
r .mt . rxrurc cr t r  l l lc icnr  o l  : . : l?  'C r  (Tr l l inr  rnd 

' t  
r l t ins l , )ar5 ) .  th . t$$rrer  i r rJ i ,ur . .

tUI j  I rAR) wrs nrcrsufcd \ ! i th  r  I - icor  eosi rc  c i , r re! led ( turDtuDr scn\or .  Discrcrc $ l | lcr
\ r r i \ r les $crc col lccrcd h l  VrD Dorn houlc.  i j  ) r t tcs 

"cre 
t l l l t rcd, )n shorc wi lh in. l  h

i ,1  !o l lccr ion.  SI t l '  rnd Sl tS;  lvcrc nrcxsurc( t  i  r led i . te l )  by spcctroph(no re l f ic
nrc lhods (H ch) .  I r i l rc ls  l in  ch lofophyl l  ur r ( l  pru l icut r lc  c t renr is l ly  wcre d. icd o!er  r j t i . i l
sel rnd wcrc shittcLl ro A n Arbo. thf nrtlsis. Chlorr)drylt tilrers werc ground in
90'l acclurci tignrcr( \'rs mcasurcd hy cxlftrclcd ttL(tresccnce, corrcctcd tr)r
phcopi ! r rcnt .  Borh unl i l tcrcd r , ' r r r .  sarDples rnd l i l r r [ .  w.re : r lso shipped lo Anf
, \ rbor .  Chlor id! ,  o i l r i rc ,  n i r r . l lc ,  and sul l r lc  $! |c  nrcrsur .d b)  ion chromlrogr i t thy.
. \ lkr l in i t t  wrs nr . r \urcd by Crrn r i r rar ion.  Sodiurn.  forrss ium. ma-!nesiurr r ,  rn, l
r l lc runr  scre nrcrNUrcd b)  1 lame aromic absorpr ion spccrroscopy.  t ron and nrangrncsc
trcre orcasurcd b!  gnphi(e furn ice aromic ibsorpr ion Iorx l  d issotrcd p (Dp) rnd
psniculalc P $crc nr.r\urcd afrer persulfate oxid ion rnd Torrl P (TP) was calcullrcd
rs lhe sum ol lhc two

Zoof lanklor  wcre sxmplcd wi lh  lour  .epl icarc vcrr icr l  hru ls  by nets of  borh 100 rd
60 [m apcnLlr l : ,0 .5 m mouth opcning,  and 5: l  asJ ' .cr  r l r io  (Research Ncls,  t l rc . ) .
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Zooplanhon dry mass by taxon '*as estimat€d by drrwing individuals as edcountered
ftom platrkton collections, rinsidg them in deiooizei water, atrd theo drying them to
const8nt mass ar 60 "C. Mass determinadon was by elecEobalarce (Caho 29).

Kinetics of phoslhate uplake were measu€d for nca$ho.e and offshore plahkton
assemblages. Inke waler aliquots receiv€d additions ranging from 0 to 2 UM NarHPOr
and conc€nhaiion changes w€re measured over ca. 2 h al ambient temp€ratur€ (c6. 25
oC) in subdued light. Maximum rates of uptake and half-saturation constant! werc
determined by nonlinear rcgrcssion (SYSTAT 5.03).
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4. Resultj

4,I. PHYSICAL AND CHEMICAL PROPERTIES

4.1.1. UBht Att nuation
Vcrtical ar@nualion of light varies among lakcs, sDd bctw€en nearshorc 8nd offshore
Lakc Edward (Fig. 2). With thc crc€ption of Lalc Cco.gc, the raDge of dtcnuation
coefhcicnts was similar lo observations ftom offshore llkc Victoria (Irhman cl al-
1998). The nearchore station ED I was n€ar the mouth of th€ Krzinga Ch6hncl, Iinking
Edward with irs upstrearn hypcrcutophic extension, Lake Ceorge. Light attcnuation
was primadly a function of paniculate chlorophyll concc[t ation (Fig. 3) 6uch that a
conunon linear model appli$ to the th!€€ large basins Albert, Edwrd, and Victoria.
Lighr attenuation could lhus bc used to Fedict algal biomass for l.lEs€ lakes whcn direct
measurcments are lacking. Light atl€nuation in kkc C.orge is considerably 8.ca!er
than predicted by thc modcl lhat fits lhe derpcr la*es. this appers to rcsult ftom high
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rbiotic turbidiry in Lrke George. The fesidual dcli;ltion of lighr arenuarion in Lake
G.orgc (l5.1 nr ') fron rhe linear model predicrion is sinrilar rn mrgnitude to the high
background at lcnuar ion value of  2.55 m'  that  Ganf  (19?,1)  reporred for  Lake Geofge
Nrtcr. indepcndenr of irs chlorophyll contenl.

0 1 0 2 0 3 0 4 0 5 0 6 0

m0 Clr l  r f -3

/ l g r .  J  V rn i ! r l r l r cnu r l i on { , f  I ' AR  v  { ^ chLL ro t ' hy l l  n t r
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MLnl.m v'.!r1r drir fror, l{ M0grLldc lL(hn r cr rl

t 9981

iUcNu.cnrcnls  fur  Lrkc Albcf l  a l  lhc o i fshore s lNl iorr  AI- l  rcycal  a hk.  th  i !  aboul  0.5
(  $ nrcr  lh loughoul  ( f - rg .1)  than measurcd b)  l r l l ing dur ing March l t l6 l ,  or  dur in!

x n \  o t h c r o l  h i s  l ( n g i t u d i n l l  l a k e  s u n c l \ ( ' l r l l i n g  l 9 6 l )  
- l h c l r k c r s N c l l  

r i x e d o n x
Jrc lbr \ is  lo  l  dcplh o i rboul  l5  nr .  In  othcr  resf 'ccrs. lhc l rkc is  nntre d i lu tc  in  tcrms,) l
\Fc i l lc  eon( juchncc und concenrrar ion\  o l  n l r jor  ions,  lnd loscr  i r  phosphle lnd
nnrde rht l l )  n lcrsurcd d.crdcs ago b)  Tnl l ing rnd orhcrs (  l rb lc  l ) .

Hi \ r ( r ica l  vr lucs l i , r  p . r r r icu late chl { ) roph} l l  in  l -a tc  Alhc , rc  lack ing lor
. { r | far ison wi lh  ( \ r r  o( 'dcrn pfo l i lc  (F ig 4) ,  bur ' l r l l i r r  (1965) repor(ed l ighr
nltenuatron cocllificnts litr g.ccD light, the n)ost pcnchlli g sl,cctrrl conponent. Thc
\Lrhrcs e i rcd by Tr l l ing r .ngc l .onr  0.35 lo  0.72 m' ,  inc ludinS 0.50 nr  '  dur ing Mnrch o l
1961.  Our cst in . r le  lbr  l ighr  at tenuat ion (F ig.2)  durnrg the sarne oDnth of  1995 was
0.16 m r. As wc nolld above, rhe linear nodcl of Fig. I ean hc rcli)rmulrtcd to predict
.hlorophyll liom lrghr aucnurtion. Such a fefonnulrted nrodcl predicls th.rt chlorophyll
l . !e ls  in  Mareh l96l  \ , ,ere rbour  6. :1 mg m r .  or  near ly  threc t i rnes h ighcr  than in March
1995. Ii it is truc rhat historical light rttcnL[tion in Lrke Alberi wrs controllcd b)
\ r r i . t r ion in  a l r . l l  lbundlnce,  th is  compar ison indicarcs thur  chlorophyl l  le \e ls  in  L*c
\ lben halc dcc l incd

t 6 l
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4.1.3. Lake Etuatd
Lake Edward also diffe$ from historical record (Fig. 5, Table 2). Talling (1965)
reponcd light attcnuation of 1.3 mr ftom a 5.5 m no(hcast starion dear rhe Kazinga
Channel. Our empirical relatioNhip betwccn auenuation and chlorophyll (Fig. 3)
implies that the valu€ coresponds wirh ca. 29 mg rrr Chl, similar to thc 22.7 rng r[]
we found at a 2-5 m station irnmediar€ly offshorc of lhe Channel mouth (at l.ll ml
light attenuation). Offshore stations at 18 and 25 m had Chl of 8.8 and 6.5 mg m'r,
conesponding to measured light attenuation coefficients of 0.63 and 0.58 m'r,
respcctively. Present P concentrations in Lak€ Edwsrd are about one half of historical
reports and modem sulfate conccntratiorE arc lower, as well (Iablc 2). Lower nodern
values for sulfate parallel obscrvations made by Hecky and Bugcnyi (1992) and by
I-ehman and Branstrator (1994) for Lake Victoria, where modem sulfate is lower lhan
previoudy reported. Heclq and Bugenyi sp€culate that some of the difference may be
amlytical, owing to modern methods (ion cfuomatography).
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TABLE L Cn.rical conposition of tile Alben surfrce quter. Smples for 29

Msh 1995 m rom offshoE slation ALI (40 m d.pth). Valu€s @ !M unlcs

l9 : l ' t995l 95 l l 1960.611 r9694

Ks(!s)

K
M8

cl
SOi
Alk {FEq)
sio:
SRP
DP
TP
Nor

Mn

110

1333
l l 5 0
260

110
290

6t90

660

1070
l 0 l 0
2t6
J t

195
J500

1.88
2 . 1 1
2.54

7 8.9.2

850.1160

8070-8150

825 801,8?0
9. t2 8.9.9.0
4224 1960
1690 1670
l3t0 1300-t340
230 225-210

900 910.1080
260 280.4?0

?800 7250.?10
5 7  0  ? . 1 8 1
4.2 1.9.5 5

0.6 0.3.2.4
0.8.1.6

'FmmToltenhd. cn d by wo hrngron (1930)
rFrcm Elskens,.ncd by Tdling (1961)
'Fom Talling (1961). n= 5 smpling daks. ed fonTrllins sd Trlling (1965)

TABLE 2. Comrosnion oI Ljlc Edwo.d sdocc wolq. s{npks ror
25 Mdch 1995 drc frcn m offshore station 0l 0'12.596 S.29'
46.?99 E(25 n dcprh) vulu.sandm.ftods N in Tuble l.

1969' 1995
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K
Mg

cl
sor
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Nor

r0J1 l0l I
3 3 9  9 l
48?0 4?80
2010 2 l  t0
t850 1990
242 I0

760 l0t0
165 120

10100 9850
l t  108
l 0  0 6

4.1
|  6 1.1

4,2
< 0 2

t026 508,580 880
9 1  7 9 8 . 2  8 . 9

24SO 2115.1262 l?50
2t20 818-94r  1620

811-962 1610
280 130-:140 3r0

12-35 44
410,4?4 580
150..100 250

9900 4070.47'10 1410
110.1?0 I l0

0.6
0.3

0.06

'!om Elstcns, ci|.d by TallinS ( I963 )'Fmm Talling ed Tallir8 ( I965)
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4.2, PLANKTON COMMIJNTI'IES

Cyclopoid cop€pods dominrtc kkes Alben (Fig.6) and Edward (Fig.7). The lakes
erhibit similar sp€cies .ichocss of €rustacean zooplankton, but diffe. in spccies
alsemblAges (Table 4). In panicular, lalge unh€lmcttcd Daphnia lunholtzi \ar.
monachd rtc Fese in Lakc Alb€n, consistent with observalions by Cre€n (1967,
l97l), Thc sp€cies was rarc in Lake Edward, and smaller Daphnia lon|ispina occnrTed
there instead. ThenDdiaplomus galebi is very rarc in both lakes; only immature
specimens wcrc found in Lak. Edwrd despi@ cxhaustive scarching. Wc assume that
the immature individuals are L galrbi b€.ause previous authorities idcnlified the laxon
fron the lakc (Dussan l9E9). We found ovigerous I. farebt f€mal€s and adult malcs in

Lake Albert, despire pri,
Dumont 1984).
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kke Albe( despite prior lit€mtue ass€dons that caluoids w€re absent (Verhcye and
Dumotrt 1984).

Leke Albe(

r.le{shoE (6 m) 1710 m! Dw m-2

Lake Edward
NeardBo EDl (4 trD 1220 trE Cr,V n-2

olEs€ (,|o m) 58€O mc Dd m-2 Ofiltlo.! ED€ (25 nt 2450 rE D,V m-2

Ottshdo ED2 (18 Fr) 41gO rl9 D/v E-2

a,t!r.6, (.bovc) Rclotivc contribo on to rotdl

watd collmn biohas by mojo. eoplantton

taxa in t*c Albcn, SdmplinS siGs indicaicd

inF ig , l .

Fi8!.. Z (ddt A5Fis.6,rorrlrc Edw{d.

TABLE 4. Cdslled zoool{tton 13& in t lq Albcn sd Edw.d, Mach 1995
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Size distsibutions of the dominant cyclopoid copepod assemblages in the two lakes
are similar, but amlyses ot Chaoborus aad Daphnia populations rcveal that animals are
larser in Lake Alben than in l,ake Edward (Fig. 8). Moreover, Candina was presenr itr
offshore plankon colections ftom l,ake Albert, but the skimp was not encountered in
Lake Edward colections. Rotifers made a tdvial contribution to zooplankon biomass.
They we.e virtually absent from the plankton of both rift lakes, except for occasional
specimens of Ke.atella tropica in Lake Edward.

Water column inventories of phytoplankton and zooplankton biomass arc plott€d in
Figure 8 for both shallow nearshore and deeper offshorc stations of both lales. Algal C
was estinated ftom chlorophyll by calculating C:Chl = 100:l by mass. Zooplankton C
was calculaled as 50% of dry mass. Phytoplankton biomass exceeds zooplankon
biomass in both basins, by a greater ratio in Lake Edward than in Lake Alben.

4,3, PHOSPHATE I

Uptake tinetics for !
for Lake Vicloria. M
ambient phosphate ar
uptake functions (VJ

TABLE 5. PhosplBb q
EDI dd NPG (Napokq

e fron t*hlfu ard B.
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f 0 1
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5. Discussion
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Iak€s a.re otherwise sir
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Despite superficial
Lake Edward comp&
intense in Edward. Th
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Fi8u. 8. Si& ii.lu.ncy distdbutiotu ol cyclopoid copcpodids. chdoboB twn , 6d

Darho trcm otrshoc sr.tioN of L!k. Alb.rl and ktc Pdward.

4m 1Bm 25m 5m 40rn
Edward Albert

FiSuz 9. Totd bions ofphytopletto! sd eopl&tto!

at n6hoe aod ollshoe stltions in Lka Albcrr md
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13. PHOSPHATE UPTAKE

Uptakc kinelics fttr phosphdtc.re reponed in Table 5, logether wjth conrparison data
lor Lake VicLoria. Maximum uptake rates scaled to chlorophyll are inversely rclaled to
ambienr phosphate .nd appear ro be a usclLrl compararive index. lnirial slop|s of rhc
uptlke functrcns (vn,/kj) vary in\erseiy wrlh lake phosphate as wcll.

TAILE 5 Phosphar. upl*e pannrrcb rar Llkc Eiqdd rn(l ncanhore b\c vicrunr. Mrnh 1995

EDI  an l  NPC (Nr ! . l c .nCu l iak  ncrEhoru  \ i re \  EOledBC( t lugr i r ) rEo8horc \ i ks  l )d i f t t rBC

Ef ronLhmf fa t rd lk rs t ra ror ( l99 l r  Drh  nn  NPG re  l ron  I rhnrn  er  r l  (1996)

Lllle Sile Chld sRl' V, v,,,
r ! n '  u r u  n n D l P l .  h L  n m o [ , { u ! c h l ) r h i

Edsrn l  EDI
EdSJTI ED]

7 :  O I O  1 1  1 1 7 )
6 9  0 5 ' , 7  1 3  1 7 )

l 8 I  0 o 1  t 3 0  ( : l )

l 9  ( : . 1 )  l l . 1 t d l s s r  0 0 l l
16  ( l  o )  661 i85S)  o  017
96 ( l : )  J .17  (16 l l )  0 .101
2 0  (0 .J )  n00 (600)  0  019

Zoophokton in  I - ikc Albc(  and l -akc ldrvr i ( lare surcr l ic ia l ly  vcr !  s imi la .  Both lakcs
rre donrnarcd o\cf \ \hc lnr in ! ly  b)  a sur tc  (n cyc lotonl  \ I )cc ics.  i rc luding lhc predar( t r
J/.r,.r./r?r. Borh llkcs hivc x spccics (l l)uph|ut, twti C.rruliplr,ti, and rhc sa rc
t\rr' I)it)lkutoyrna. Cocxistcrcc of Dtr1r,.rf,ro,zr snccics is nol unconrrr)n (r.v M
K. i . !chrnst) .  tcrnnnl  connnunic l r ion) .  rnd is  d i l ler !nt  l ron thc s l rur t i { )n in  Larc
Yrct ( ) r ra.  sherc only  onc spccic \  is  prcs. r l  ( l -chtn. t r  1996) Ihc connnunir ies . i  lhcsr
lxkcs r rc  orhcrwisc s inrp lcr  rhrn L. rkc Vicr l ) r iLr ,  whcrc f i \c  cyc loto id spccics rnd thrcc
{ l i rpr( ! r r i ! ls  r rc  f rc \ent  o i l ls lxr re ( l l ranstr r ( , r  c l  r l .  1996).  I to l i lers. r rc  f r rc ,  which is  rhc
typicr ls i lur t ion i r  l i r i :c  Afr icrn lx lc \  dol l r inar .d br  cvc lopoid sfcc ics (Lchnirn 1996)

Dcspirc  super l rc i r l  snr ihr i r ics,  rbe snHl lcr  s i lc  o l  non ctc lop(rd zoophnkror  rn
Lrke U( lwrrd conrpnred wi th Lakc Albcr l  suggc(s lhr t  v is tx l  f lankt ivory is  [ rofc
intensc i r  [dwrf t l .  Thrr  .o l io I  is  rc in l i ) rced hy lhc lo$cr  r r t rc  o l  loophnkl r )n hxrnrr \
r r i  ph\k, t l lnkton hrorr russ in  Lrkc Ed\vx i ( l  Presencc (n rn c f lccr i \c  p isr i !orc.  \ i l ! -

t . rch,  in  Lrkc Albcn mdy crLrsf  rcducl io ls  in  thc nul rbcrs o l  fhDl l i lous f ish t l  l
, )ccur  in  rhr l  hkc.  As crr ly .N lhc 1960s.  Grccr)  (1967) i rgued rhr l  lhcrc wN fcduccd
in lensi ly , ) l  f redat ion hy l ish ( r  /oophnktrD in rn id l .kc regions o l  Lrkc Alhcr t .

Zool ) lonkron h ionr ! \ \  a t  o l lshoic \ tar ion\  in  borh Lrkc Albcrr  rnd Lalc l r lwl rd
cxcccd lhc scasonr l  nrean \ r lucs reporrc( l  1( , r  Lrkc Vic lor i . r  hy BraDstrLuor c l  u l
(1996), bur the v.rlucs are wirlrin tlre rlnge of rnnurl varialion observcd lir Lake
Victor ia .  In  x l l  rhrec o l  rhc hkes.  roothnkton h ionr i lss l ; i l ls  rn r  r lnse I ionr
, r tprox innrc l )  2  ro 6 r  DW nr .  Warcr  co lumn dcprhs that  \ !crc  \anrp led r i i l l t rcd
rrnong thc hkcs, horwlcr, and nngcd lionr 25 m in Edwrrd o 40 In rn Albcrr, ro 50 rr
rn Vict (n i r .  As.r  conscqucnce o l  rverr ! ing t l )e  r rc . r l  ahundanccs o lcr  d i f l t rc | r  dcpth
rrnges.  compured !o lumer ic  . rbundanccs o l  zooplankron are soDrc$hat  h i i rher  in
Ed$ard t lnn in  dre orhc.  l lvo la f tcs.  We di . l  not  invcsl igr te $c \cr l ica l  d isr rbLr l jon o l
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the plankton in the lakes, and thus actual in situ concentsations are only approximated
by water cotunn averages.

Previous literahrre rcpotu t\at Diaptonus is not present in Lake Albert are
enoneous. It is unlikely that our discovery reFesents a new colonization event. The
animals are extsemely rare, on the order of one individual per cubic meter. We
confimed their presence only by diligent and sustained search of large sample volurnes.
An immature diaptomid copepod had already been discovered in a Lake Albert
coll€dion during 1993 with an identical net (V. Kiggundu and J. l,ehman, personal
obseNation), but its species identity could not be esrablished at that time. The fact lhat
calanoids arc so scarce in these lakes, compared with t ake Victoria, points again to
higher l€vels of visual pla*tivory in the rift lakes.

Lake Albert seems to be morc Eansparcnt now than 30 years ago, evidenlly because
of rcduced algal chlorophyll. Phosphate corcentrations are also lower, but that is
probably not the cause of increas€d Eansparency. Talling had repo(ed extreme
phosphate concentrations (Table 1), and stoichiometric considerations dictate that P
could not be a limiting factor in biomass production, then or now The elevaled
t€mperatur€ of the lake water is intriguing, because it is reminiscent of similar warming
of Lake Victoria (Hecky 1993; Lehman 1996). Whether or how altered mixing in
response to the thermal regime may have affect€d lake production, nutdent supplies to
the epilimnion, and algal biomass cannot be answered by our limited temporal data.

We found lower values of Total P in Lake Edward than previous reports had
indicated. We cannot yet determine if the reductiofi is paralleled by chlorophyll
because historical data a.e not readily available for comparison. All tkee lakes exhibit
mod€rn values of sulfate lower than historical reports. This apparcnt reduction is a
regional feature in colunon wilh Lake Victoria. Il is nol yet clear how much of this
difference is rcal, a consequence of lessened inputs or possibly increased chemical
reduction in the sediments, or how much is the result of improvemenls in analytical
methodology.

Kinetic characteristics of the algae in Lak€ Edwad suggest that phosphat€ is not
gro'r,th liniting, Inverse vadation of both Vn and Vm& with SRP in these tropical
lakes is consistcnt with cxpectations ftom tempera(e lakcs. valucs for Lake Bdward ale
intennediate between inshore and offshore Lake Victoria, where bioassay experimenh
(L€hman and Branstrator 1993, 1994) demonstated that P is not the proximate
limitation for biomass production.

5.I, CON'DITION OF LAKE CEORCE

Lake George, as well as much of easlero Lakc Edward, lies within Qu€en Elizabeth
(Ruwenzori) National Park. Restoration of polilical stability to Uganda in the late
1980s after a deaade of strife has stimulated conservation efforts for wildlife within the
National Pa*. In addition, copper mining has recently resumed along lhe Nyanwamba
River, which flows into Lake George. The Kilembe mines first began operation in
1956, and sho(ly beforc they closed in 1979 elevated copper concentmtions were
measured along a gradient extending fron Lake George, along lhe Kazinga Channel

which link ceorge to E
the Semliki River (Buga

The IBP investigario
established that nitrogen
community respiration .
and Viner 1973). Nitr
fixation by diazorrophic
the Ruwenzoris (Viner
represenlative of headwa

The hish pH of I_
ph,.toplanlrcn (Canf aj
pllorosynthesis elevales
variation ft om approxin!
I L2 has b€en reponed 6
pH l0 (Denny et at. lq
chemical weaftering of !
high€r silica concenr-ari
amorphous silica by diar.
b€come panly inhibilcd
Copper is known to inhit

TABLE ]
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$hlch links G€orge ro Edlvard, rnd then across northern Lakc Edwnr{t lo (s outflow as
rhe Seni ik i  Ri ler  (Bugen! i  1979)

The IBP invesr igar ions of  rhc 1960s f ' reccded evidcnce o i  mernl  pol lur ion.  they
.stabl ished rhr t  n i l rogen w,rs a l i  i r ing rcsourc.  io  rhealgaeof the l . rke.  and rhat  rot i l
connnunity .espirarion afproximrlely bxlanced phorosynlhesis on I 21_h b,rsis (Crnf
and Viner  1973).  Ni r rogcn in.ome wrs doninr ted hy i t  v j r l  in futs  and n i tn)gen
tr\u|on b) diazorrophic clanobr.rerir. Hydrologic inpul i5 domiD ed b] flow from
rhe Ruwenzor is  (Viser  nd Snr i rh 19731,  lnd thc chenr is t ry  ot  the srreanls is
repre\enta i ivc ofhc.rdwalers dra in ing t r .dominrnr  s i t ic . re rocks (Ki thrm 1gi l { ) .

The hiSh pH of L.rkc ce('ge is lhe .csutr ot photosynttrcsis by suspcndcd
fhr toplanl ton (c ! f l i  and Honrc l9?5)  wirhdra$ t  o f  ( .Or | r ( )m rhc $, .ucr  h\
\^r 'a In hu:r .  e l . \ r te ,  r l ,c  pH Drr i  , t  lhe l , ,oU\ .  r t .c  td \ r  ( rhr l - r l .d  

"  JrLInr t  t .Hyi r i r t ion f ron approxin lc ly  8.75 to 9.98 (caot  1972).  Morc rccenr ty .  pH.r \  h i lh  as
Ll . l  hrs bccn repor ted f rom nearshore saiers,  $ i rh otcn lakc vatucs consisrcnr t )  nerr
t l i  l0  (Dcnny er  r l .  1995) By ctcv. r i  S rhc fH.  tholos l ,nthesis  c i rn accelcr ! (e ncr
rhcnr ica l  $el lher ing of  s i l ica kom sedinrenrs.  nd lhcrc appcnrs r ( j  bc a l rend ros i l ld
hr l :hcr  s iLcr  conc0nrrar i (nrs in  rccent  ycars (Tabtc 3)  Bi ( ,geni .  prcc i t i r r l idr  of
. rDorphoLrs s i l ic .  bv d iarons.  l  pr )cess thr t  tv t icu r  rcduces t ica tc \c ts  in  t rkcs.  r r \
F. . ( lDc t rn l )  inhrh i red by rox ic  c i fccts  of  rhc po LI ing nrcrr ls .  c lncc i r l iy  cot fcr
(  ot ) t )cr  is  known k)  nrh ib i l  s i l ic .  upt lkc I rd s i t re i t icar ion hy d i rbm\ (Rcurcr  t ( ]8 t )

TAllLli :l ( lrcnnfrl .otrUr^(ur .J ttrtc (;.d!c rlrh.L $, cl
S r , i t Lc !  l d  : . 1N i r ( [  l { ) 95  { ! (  l n ] c f t d  nn i  L l t l i c  r r 0  0 t l )N .
: l { )  l l  17  E ( l ! r dcUh )  V tu ! \  r t u  } r l v  u ! t c$  iDd rc r r r ( l

!ll

cl

Al l r | [q)

l l.1 t62t l J

1781) t290 t7 :11)

l l

'T r lL rnB &d ' l  i l l i n8  i  le65)

rVrncr  (1975) repons Nor  as  n0r  d . r .d l lh te
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Copp€r also inhibits the nitsogen-fixation Focesses of diazotrophic, heterocyst-
formins cyanobacteria (Elder and Horne 1975), includins 6e Iara Anabaena and
Aphanizonenon, .,r,:.ich forme.ly were important elemenls of the flora (Canf 1974b).
Our recent sanples were domhated by colonial coccoid cyanobacteria
(Chroococcales), which do not Foduce heterocysts, but nonheterocystous
cyanobacteria can fix niEogen in the dark when there is no Foduction of nitrogenase-
disabling oxygen by photosynthesis, or in the light either by spatial separation between
aerobic and anerobic portions of colonies or by temporal separation of photosynthesis
and nitrogen fixation in different phases of the cell cycle (Carpenter and Price 1976;
Stal and Krumbein 1985; Mitsui et al. 1986). SmaI pennate diatoms are present, but
not as biomass dominants. Centric diatoms, esp€.ially Aulacosein (formerly Melosna)
species, were rare. A similar situation was reported for Lake Edward during l9?2
(Hecky and Kling 1987); Ctuoococcales dominated the phytoplankton and diatoms
were significandy abundant oDly at a southem site, remote ftom the metal
contamination later identified in the north.

Nilrogen fixalion formeJly provided nearly half of the niEogen income for Lake
George (Home and Vin€r l97l). Unlike regenerated nudents, such "new" nutrient
permib net biological production and expon of biogenic rhaterial from th€ water
column 1o the sediments. The prospecr ihat metal pollution may increase with mining
development suggests the need for additional analyses of the productive ecosystem.

6, Conclusiotrs

The mosr conspicuous changes 10 lakes Alber( and Edwsd du ng the previous 30 years
appear to have been (l) reductions in algal biomass, measured as pafliculate
chlorophyll, and (2) reduced water column inventories of P and inorganic N. These
changes are consiltent with increased temperature of Lake Albert, 6nd sugg€sr reduced
mixing of the surface layer, possibly under influence of r€duc€d wind sress, Oiven
sufJicient silica to support fast-sinking diatoms, increased physical stability can lead to
accelerated s€dimentation of particulate matter, including Chl, P, and N, from sudace
layerc. This tendency is opposed oDly when there is a floristic change to more buoyant
taxa, as in modem Lake Victoria. We regard climafic variation to be a master
controlling variable for lakes of East Allica, and its signal may be registered through
changes in prirhary production and algal biomass as well as nutrient conditions.
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