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Aqfl*XC MM Oswwo1M. .zDO=- AM.W M, 
AT VOLZ% LXIU--19S7-71 

A STMCT 

Data collacte during'e four-year study (1%7-1971) at 

i:'t waqaticVolta lake tat wd abundance and distributlo 

chtced duri-g tite early Lake fill period (1944-19")o 

Prior to 1968, t€e LAke's plant cocanity wa domlated by 

flosinctruotesiat lde inz la, andjM.,§11 pa.4s 
SUM ciiijnjj. Floatinj' "Crass" islands wer often crested 

when Scim l colovtieed thick mate of PLjj&a. After 19630 

.:wver, tiese floating wed species became les abundant, in 

.eneral, and were restricted to slieltered, .tallow coves and 

bays, or near conflucices vwre major streac, enter the Lake. 

The laterwse -found to be particularly favors'le for !La 

sirW48 island developwant if lart;e m=.bers of e:urgent dead 

tre8s were present to provide cuizablo anchorage to hold ti4 

wed beds in place. 

After the lake fill in 19u0, tie water level fluctated 

gradually, aind mny species 3f se:ti-aqwtic plants beecas 

establishod on the exposed l2ke s.,ore duri;.g t., drsdw€ . 

period (ODc r-June). Sore of t'.ios species, particularly 

yuas a tisagarnd fra nsrjlene, were found to be 

tolazrn" of floodinL to c depth cf three vertical caters-the 

usuan r ioter fluctuation. " former speciesonieOf T, 

spread r pidly, a by 9 l, it iad infested uc. of tne lake's 

shalav*s.or0ef e-.pecisaly alon ;'ie western side of tae 

reservir. f n wes fourd to bo rore abu.ndant in the 
* . , r . : " , .• .. . • I 

am"protected coves ard bays. Also in& those areas,, A ljeft. 

as i we CoCCO,1, but it dzd not appoar to be well suited to 

ptolonCed deep £lv.odin-; and t:.crefore, it was mldm 9eA during 

te letter part of eac: flood season. Thee mrjiral wed beds, 

lMi , 



tU Ob6me. gde conitifl of mLUly Cia" U Ju
in eddotium 

were found to support large pupulations of osils, 

arsi&L s). Iu an
vector carriers of hunmr. ,,aistoomaiLe (ILI 

effort to find an effective =&no of comb4ting tie. vterborr 

lAke to determine if were conducted at Voltadiesoe, studies 

pre,fqr.ted
by reducing aquatic woeds end shorelta debris-a know 

.abitet for taeOe snmils--to
c s;.al populatiov" could also .4 

ato Lelow :.ormal tratsasion levels. In Hay 1969,
reduced 

eleared of all starodin.wea
three-hectere at-iorellni ate atAmpen 

vegetation end sprayed vith fenac and diuron 
at rates of 17 and 

four kilogram equivalent per hectare, respectively. No weed.. 

teat plot
growth becae eata!alised in the wetor throughout t,* 

during the first year.
 

population

Pro-treatment snail surveys e:omwd that the ail 

c.te entire sioreline vit.iin 
was fairly evenly distributed alor<' 

.owver, after tae treatmnt was nede,
one kilometer of Arperi. 

and the test site use flooded durin: the followinZ lako fill 

test
period, snail surveys produced only one arail along 

t.,e 

plot's 260 moters of used-from sloreline-cowared to 98 

atd 112 Minus forzcgli snails collectedblimUw t 

along a comparable lonth of YWed-ir:fested shoreline located 

Four grail surveys conductedoutside of the cleared area. 


total of 21 snails.

during the second year (1970-71) produced a 

were collectedwithin the cleod area, lot of t.se,,h.ver. 


in a 
partially sunken fishing canoe and therefore sould not 

At t>.o same tim, 201 snailshave been included in the count. 


ware collected in the uncleared arto, Trefore, it was con

ard debris control could ie

eluded that localised aqutic woed 

an effective ust.:od for reducinj aail population at Volta lake. 

12 differentOther aquatic weed control tests ueinc 

to be effectiveherbicidee and their corbirnatione soim-wd paraquat 

- ie
 



for the control of floetin islands of PM 

mixture ooeainLn one pert paraquw and 200 parts of wet 

(equivlent to 2,5 liters of paraqast pe heoam) we pmeyed 

oer the woed Wed until oheveetat en me thwq hly mtred9 

results were noted, towver, when perequat (.33 p.; 

2, 4-0 granules (200 kg. per heccre) and diuron .uas 

(100 k&. per hactare) were applied fpr the. control of qubvercod 

fjtJJ , Also, poor results were obtained when mture 

Seither in or out of the wmter, ws.sprayed vith 

paraquat (1 to 200 spray mixture) or 2, 4-D amino liquid 

(I to 50 spray u4xavre). Hlkmvers t;Oase sars concntratioris. 

were found to be totally effoctive for controlling youm plants 

of all species (except 2, 4-D used or grass species) grovi, on 

tits exposed lake shore durinc drawdown. Data colLecte4 UoLn,. 

other herbicides s:-4wed tiat they too were generally effetive 

for the control of youtig plant specios, but not for catre 

crowth. 

Clearing fis.ain, strips, ior secting gill nets in flooded 

wood beds, ws successfully deronstratod ucin, a coubinetLon 

of pro-flood cuttinc, burninr, and post-flood weding and 

woeddi. Where PIXy2 and £AtarM Mflther were the probleci 

only pro-flood cuttin- and IWr.ing was necessary. Homvers 

where b ws oncourtered, poot-flood weeang ws required 

aleo.. 

ScolWjical studies conducted at Volta I&M indicated ttAt 

PolyeonuL spported large quantities of fish food orGaniscs

particularly the : yfly PiLLi UM whoe larvae readily 

brrm into ftjyraio hollow at"a. Forty-evo iinear caters 

of randomly sa.led hollow Poly~onaru teM produced A44 

Povilla lAw, for an averne of 11.6 larvee per 1near te. 



fig ,teearw oosyine the ho 11w stOW of ME" 

um ed.- ," 

V,,tht atwLs- wwmd tiat f4Jlj- larve m re dily 

eatnhby a W'vktts sp6cles at Volta tas, DwrintmM 6f lWo' 

an seatmted. 10 r..ivM~ of fitshian ui~C tiese Urvas fer' 

belt o6 Lto- ok@, 16 specis of fish we t:ken, Thee 

fttiigs, Clirly tfl ttd that kLv beds are boimfIctal 

to the URae' f*twsk. W iever. observitiow cde' during'971'" 

showed that the floaded h bed. vare reduced cobsidewably 

coared to previous year., and that t.s reduction w. 

attribuited to tl dauaEse the burrmvn laiva6" produced'in the 

plants. 

Other for.. of natural biologIcal control that were either 

seen or suspected to 4ave' occurred at Volta Uke durin- the study 

are diocussed.• 



roe pumpOee of this repot is to sumaries equati vwed 

wrk accomplisied under Pro et Agreement 641-AC-2M4-56 dated 

Hay 31g 1963. and Project Agreeomt 64l-lo1-90-Mg dated 

December 4o 1967, These agreements include fisheries and 

aquatic weed control studios, tIl latAer's objective being "to 

outline a contingency program for aquatic wood control Ad 

recomond adequate quaranti e arrangemnts." which this report 

mrROCTI w 

In April 1961, nine months before Dam construction com 

manced and three years before the Dan was finiohod, Ghana 

govoriwent officials were busy making world-wide inquiries 

concerning aquatic wed development and control in sn-mde 

lakes. This interest i. aquatic weeds was stimulated primarily 
1" 

by the highly publicised aquatic weed problem that had developed 

at Kariba lake in Rhodesia and Malawi during tA first two years 

of Like fill. One article in Gh a's dated 

April 170 1961, and outitled 'rofessor WAlks on a Nao-p'd 

lake" stated,, 200 lb. (over 14 stones) professor from 

salisbury got out of a boat and walked about in the middle of 

Kbribe, the world's largest man-rade lake, without e"n wetting 

c sock. 

"t me just a reminder that an amaInly prolific and 

littla-knom water fern knon to sciontistr as dat 

" is coyering the surface of the larihb Voters Lke 

m istic rig. 

% far, its grip etends r 175 sqMar MILeS-lts of 

it to floating ms about six inches thick. 

"3On if Iso net yet a threat to the turbins 

wh ch rn tbhj 1ao veters bytro-oleetrfc peU for 00 



htf of odeasi (Zmbla and Mu /sta)aod Hysaland 

Obmtlm); iticatuly 1o0*8 like puttng an end to som of the 

elaborate- sece&r pkne for the O8O00,OOO Iaithe project. 

Tase rane *= & big fish stock..n.- schem (400,000 bream so 

far) to t buwldtng oi hazbours *end roscrts on the !aM. o 

and up tfu 50 miles wi."200 mtles loor 

Itw soonmarned that %V.R is not 1%tiv)VLa, .J; 

to Africa, but wa intrnuced (how* and v&en unknown) inLo the 

head waters of the Zambe:i River, poos-bly from its native hom 

in South Amrica. Since this dpocies of wat.r fern was not 

kiebiv to bo present in (ana, theze was speculation and "grat 

hops -by Gowarnnt off icalo that Voltz Luke would not be 

plagued with a citmlr'aquatic wced rroblom when it wes com

plated.* Howve, this h.3pe wa :ztt.3red "'-on scientists at 

laktba "attrtbutoad their expko,.vn woel problem at KarLha not only 

to the-presence of"a non.iridionue aquatic plant (§AlvinJ 

JIr.V.Ati) that appirently ad no natural en Lis in ita now
 

envirormnt, but to-.h hlj.h nutrient '.ovel of thd new lake's 

watersbrought ' abovt ,7 t.he flo..AILg )f lurge qua-:tities of' 

terrestrial ve3aat.on and fei'tile '.ahe 

Volta Lake's basir. wao aloe) extono.vo. cowered with 

terrestriaI veptation of ro'a-tivuly r; h soil, and theirefors, 

the ke's inter would be potentL.U.Ily iertila dur.ng th first 

few years of lake fill. On this subject, W . A, J. Emnuel, 

Secretary l'iriba"Lak Co-oritnc.tr,& ocitttoe. -wrcte 1 . O, V. 

8mw Advisor *on Aer) ijlturul Sciinc.~ 'Uisitry of Ae*4 lturs, 

GhanAq in 1ay 19619 at-'ing: "Your rewrks ibout 

ImtAi not being on'rec6fd "nyour part ef thi world coan

fLma the Infomtibn ve pthers d'' In that there are several 

seits of the sass genus but not .. P !tdfs my 'be a 

http:Co-oritnc.tr
http:extono.vo
http:ve3aat.on
http:expko,.vn
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Years In 1 "YamvLthout beami~g a.wjbd... erwt
 

my not folWoq when the Volta **a* is completed as Yea -0WeL.
 

find a similar cycle.to oursolvs vLtb a very h/ib mArfat I 

in tl* ".;aer being maintained over several years as tho 'base 

goets progressively covered with each seasons Liaflew easflt 

seasonal tapid .axpansion of weed powh of hitherto ueegly 

Lnnmu species." 

Based on this very izortant information, the Ghana Govern

mgnt had renewed interest in learning not only which potentially 

dangerou, weod species (indigenous and non-indigenous) ware prsi

ant in Ghana, or nearby, but also what methods were available for 

their control.
 

In May 1962, letters-went out to workers in tiAs United
 

States, last Pakistan, Rhodesia, Union of South Africa, and 

Ceylon concerning the control oi n , 

I~~~~ah&~AA- ZLA £ l L kxua M 

An. and other aquitic weed ;ocies that anyone felt might pOse 

a problem. 

by arch 1963, ovor 100 lettors and reports were submitted 

to the Governmnt of Ghana through the Volta River Authority 

(VA), which was established in April 1961 concerning aquatic 

wed control and related subjecto. 

It soon becaem VAR's conconsus of opinion that it woul. be 

advisable for the Gornnt.to.acquire the services of 

specialists in the fields of fisheries dovloiment and lakeside 

health. In Jamuary 1963, . request for such services wa sent 

to the USAID HLssion in Ghana. Ia partial respone to the VOA 

request, the U.S detailed Aquatic Biologist, Rdward T. Heinou, 

iem AMD/Sudan (artom), iwho mde a tvo-, suvey of the" 

conditions and proeimo at the Lake, resulting in a rapeIt 

dated April 26, 1963., His report stateer that .thre VrmLu&4&l 

-3
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Peel "Mon.- , (Cutor hyacinth)o AQUAi 

-011Atwar £0112) ae L iM aalow's 1~ 

(aLttW Wod)-or not at'that tim knob to be present in 

Bba, hI. scothey cmd be aecidentally introduced, or&o 

boher uds v present could become eplosive when enviromental 

conditioobAhepd " the Dea filled, a"vood control expert 

sabold be on full-time duty from then until a season or two 

after the Dm filled. 

ollopsia . Hainan's reo ndations, the VA mnded its 

oLinal raquest for a-specialist in each flid, to 6ne U.S. 

and atechnIcian AOw would be both a aquatic weed control 

fisheries expert, since tho work would consist of otervation 

with respect to woods and preliminary planning with respect to 

fisheries. 

IA *ptenber 1964,1 . lbL4*n accepted a mid-tour tabser 

to Ghan.fTrp ihartoa. Sudano t. umrk.-o tshe Velea-wer -ftoject. 

" 
The primary objectives of tho aquatic weed control phsa 'of th-

USLID project were: 

I. To study the aquatic weds present in ahana and 

identify those which might have become explosive 

in the new environmnt of tit* filled Volta lake; 

and 

.2. To naintain vigilance over presenvweodW and
 

for use f
establish emergncy control masures 

weds threatened to get beyond control. 

The.project had two other objectLvestbut thby:pertained to 

fisheriL deveLopmnt and therefore will not be discussed' here, 

.In 1963, the University of Ghana set upi-he Volta Basin 

ahseazrc, rolect (VDJ)-to undertake research on uny of -the 

pcobems thet oud be created by the formatiod of tho lam. 

Diang.the sai year, a sAvvey of the Volta area fs started 



with a vla to ascertaining what speel of m e1 agmtie woods 

occurred, and in what quantities, It a alsoaa aM to..tbow 

ecological data on such woods so that if a wed problem shod 

arise with the formation of the Volta lake, a nub basic inLer

motion as possible would be at hand (Lawseo, 19%4)o 

Also in 1963, VIIP personnel wore askel by the Oovemnt 

to advise it of biological effects of the calcintion (burning) 

of the vegetation of the Volta basin prior to flogding, 2Me 

subsequent study showed that there were two conflicting hasareis 

1, If the vegetation is .WL burned, there is the poesibility 

of the deeper water Layers becoming completely depleted of Ma, 

If these conditions are established and the lake vters are 

subsequently violently mized, as can happen, heavy fish mrtal

ity might result. It should be understood that it is not 

poesible to predict the probable behavior of the Volta Lake in 

this respect sice present scientific knowledgs of the behavior 

of lakes in the humid tropica of the.world is liaLted. 

2, If the vegetatior,. burnad, the content of the water 

in nutrient salts will be increased and this night 60d to an 

explosive growth of woeds whch could seriously Lopede fishing. 

Again, no oatisfactory prediction car. be =e whtile the ooqdi

tLons which lead to such exploeions are not fully understood.
 

It was therefore necassary to decide whick. was the lesser 

husard. Very extensive destruction of fish,might have resulted 

in a long period before the Lake could be fully emploited as a 

source of fish food, baplosive devolopoent of weeds could have 

interfered permanently with the devolopmnt of fisherles, 

it appeared that of these, the developoent of WtensLy 

weed beds could be regarded a the greater hesafd as tbOeq is 

no know satiatectory and eco ll way of destroying wsod 

beds once they have been establishod. On the other .had ad 



Sm bow evti ftb iniaUtys the loss is mt imrrepaabl 

be by an tenerackie POwP ...aM mW Imeoe acrtw (La 

IM doLesm woo m& that no enxtenive lournina or clearing 

of the wlgetatUm woold be ads in the Volts besin prior to 

in ebrury 1950 the Institute of Aqutic iology (AS) 

ws .etablpehtd. IM objective of the lU is to conduct basic 

as wall as applied rosrch in tho field of hydrobiology. This 

Lmlvies etudlas of aquatic plants with special emphasis on 

their ecology, biology, distribution, growth, propagation, and 

Lmpotance to the ecosysteL; and tho investigation of factors 

which affect their csntrol and eradication (LA, 1966). 

D&SMIFTlM OF TrA STUDT ALM 

Volta labs is the largest man-mde lake in the world and iJ 

located entigely vithin Ghana's bou daries (Map 1). 

Th p~siiry purpose of constructing this mamth dmpound

mat ia to provide bydocloctric pcwcr to met Gtana's rapidly 

snpadia industrial and domostic noedc for electric poer. 

However, the /Uas transport, irrigation, fishery, and tourisfr 

potentials ae immnee and are destined to play an ever-Lncreasing 

role is the future. 

The Akoombo M, located on the Volta River, was cloe 

in by 1964, and the take filled to its highest retcntion Level 

of 6 wtes in lwevmer 19"4. 

The r1sew lr is wmr 400 km. in length, has a surface of 

6,3 kmi, a seline of app.riutmely 5.000 km., a volu.a 

of 1A9 k0., and bas an average depth of 20 motors when full. 

fte water level fluctuates an avere of three vertical otors, 

ristia betsea ly and ftemb end folling betwea Dcember 

and Jwr each yar (ligare 1A and 1). 

-6
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The Lake basin was not cleared of standing tinber prior to 

flooding, resulting In virtually all of the ake beilv covered 

with undermter obattuctions. )bch of the shoreline are of the 

lake out to a depth of 10 vater. is also covared vith trees that 

extend above the surface of the water. In som areas, particu

larly in the Afram and ?sa.Wwi eottou- where large fbest 

trees existed before the lake war formd, tree tops extend above 

the water surface iLn water over 20 tutare in depth. 

To date, over 50 species of aquatic and semi-aquatic plants 

are known to.ex.tac at the LAkc (Table.1). Semi-aquatic plant 

species that can tolerate flooding are -ther -osrabundant ij'far 

and beccm wvell established on tne exposed iAkw-bottod dufrtng " 

each drawdown period. The width of this wed band is dependent 

on the slope of the exposed laka shore. In some areas these 

woeds extend 150 metre out frou shore at Nigh water. Hwevor, 

the average.widt.h is closer to 50 metars whan the lake level is 

high. 

In addition to. the ecwi-aqUatic plant. 9eecies runtioned 

above,. cer.t.nareas .of the lake &r. irhabitcd by true aquatic 

plants, particularly f d ZrsauM. s' 

~. a~~luA IX~R~LM~L.and ~ 1~a 

AQUATIC PIATT DKVIWlU AIVD DIS2RSIBUTIN 

This portion of the report discusses the development and 

distribution of aquatic and szi-aquatic plant growth at Volta 

lake and its basin during the period July 1963 through JuM"1971. 

For that period when this writer wes working at the Lake (July 

1967 through-June 1911)0 each survey discussion i accompanid 

by a cap shoving the route taken and the fishing villages 

visited on the lAke. This inforumtion should assist future 

wo rs in icA.pqjn esacler survey stations at the Lake and to 



tk mw ly what type of plant Vrinh wse present there at 

that tim, Such do" should .41o ba Valuable for detentinina 

and undrstanding the changes that are ikely to develop in the 

aqtic plant population as the lake maturoes. 

A-ti tic u--d Suw l~tA-.hulv 1963-Jalv 1967 

A survey of the Volta basin in the Yeji and Kate IrachL 

areas was started by the VUP in July 1963 (Map I). 

lawson (1%4) reported that the coLn plant species in the 

riparian furests included Adan iLa LA~a. Anogeisus 

~aah*iaa £ww ~ ~andza~haM. 

A numsbr of lanoons were surrounded by azone of grassland. 

j. found growing
The dominant species here was A g and was 

Near the odgen of the lagoon, vhere theto a height of 12 feet. 


water table reached the soil surface, the tree i jd~j;lg
 

and ftimihon= £5WSh;A" ware presc.it. A short distance froci 

the water's edge, v-i L.Ui grew. 

Masses of Uj1 jhS £LaAJ A1fllA& U &Xj& and 

&AfthW u re reported growig. in the lagoon. When these 

'
 
"no areas were visitud again nine ponths Ap.lr. all of the above: 

tuhch wac scarce.species were absent apart froa C 

was preoent and there was evidenceY9" £NAAdUILO however, 

of early stages of 'sudd" formatLon. This was also observed at 

Kukrukui lagoon near Kete Irachi,, though here only the Z La&and 

Nhad disappeared completely. 

The lagoono on the western sLdu of the Volta. north of Katc 

Xrachi, were visited by helicopter in July 196%4, two months 

follow"ng the closure of the Dan at Mwosbo. The lake level 

was at elevation 32 motors and rising fast during that survey 

(ftgure IA). Rooted plants, mch an b and bAim 

http:presc.it
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(1jaA). and rooted ferrno wrd cm n& but theon wee little 

evidence of flooting wed3 (Awso, 6)o 

In Septetbor 1964 Wr. 1, TT. einen, MAID Aquatic Advisor, 

arrived in Qhana for a one-year tour and we assigned to the VIA 

as an aqua.tic woed control and fi:haries specialist. Uis Lst 

caJor aquatic plant uurvey at tne lake was conducted by air in 

October of that year. Thc cluvation of the wator during that 

period we 55 ttera and rising fant (Figuro IA). This survey 

River oectio.na and the oatern shore
covered the Afram and Oti 

far north as Krachi.of the Lake as Kate 

patchesData collected during thic flight showed that Z 

far west as
 wore cocoon on thc north aide of t'.c Afran no 

lknkrong (Map 1). Ar. cotimatod total of 60 hectaros of this 

jW& cowrc4 the surface of the watersiacios vac preont, and 

in protected cover tear the vouth of the River.
 

".achi or inNo floating vegctatior. wc oboorved near Kate 

few water l'llos observedthe Oti River, with the excctton of a 

Heinan reported timt
growing in a sorll pond cast of t!. OtiL. 


turbid than the
this large tributary appeared to be Luch noro 

Volta lvor. 

of " a.d eot .Zj" were reported growinglarge rmoses 

main River from 18 km. north to about
along the shoreline of thu 


Also, a few
33 i. ooutt. of the Kpadu Torkor (Hhp 1). 

vere seen
floating rasses of wv;t appeared to ic 


about 56 im. soutli of Kpandu Torkor, due cast of the Afra=
 

confluence.
 

ovvbar 1964 revealed thatA boat trip during ... ..... . . 

. and 6A" were scattered along the eastAm.v 

and the Asakavkv River,back of the lako betweer Kte Krachi 


ws noted

but no large concentration of cquatic plart growth 

water level durin tbAt
anywhere during the trip (Map 1). !hc 
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fowy trip s at el ett6n"59 ° catrs a risir4 slovly" 

At the mouth of the Asakavwke River, 3sinen reported seeing 

a series of mall floating "sudd" islands, the largest being 

sevn to' lUretkre across. All but one island contained dead 

greases held togother by nuerous root3 entwined in black soil 

and being about .G mters thick. T'he orse island with live 

vegtation consisted of the oca general structure as the othors. 

It was speculated that these grasses had boon growing in ot 

areas and had floated after being flooded by the rising water. 

Subos nt surveys conducted by Heinen durinp his one-year 

tour shoijd that even though floating aquatic plants were 

developiti' as the ake filled, no unusual explosion was occurring, 

because of Voltz Lake 's size and its inaccessbiltty, which 

coke it very difficult to survey properly, 1r. Heinen felt that 

if an o'wtic aquatic wood spectc like water hyacinth 

£Utic) ere present at the Lake it ight become well 

established before it was detected and control r.easurcs organi.d. 

Therefore, he recoarmndod that a tnwuor (10,000) of posterc 

showing several potentially dangerous exotic weed apecies be 

printed in oeveral different local langases and posted at 

villages around the Lake and its tributaries. Such a progran 

had worked for him in the Sudan for locating isolated nursery 

areas containing-inter hyacinth that othervise would not have 

been detected. Instructions on te posters asked anyone who 

should happen to soe any of the plants (Iijchhornij MggDj, 

Sim) shown on the colored poster t6 advioo the "edrfit VM 

or other Goverrient office. With this information, a work crew 

could be dispatchod, a verification tade, and the necessary 

control initiated.
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) r. Maine!% lAft Ghana before the posters wo printeds but 

fortunatsy.ytbay.wre not necded since none of thes plant 

species have been dotected at the take to date. 

*, rLor sLn's .pnrture from Ghana, he placed an - tq b. 

order for WA for the purchase of three boat sprayi [ft (Mn" 

Be= model 1010K) to be used for aquatic weed control should an 

upectod weed probleo deivlap. He also left instructions on 

how to operate the spray units, the site of the boat ahd out

board motor that was needed, and the type of htrbiLdii to use. 

In addition, Pt. Heinen submitted n report coTacOtnifhtArial 

spraying techniques using a helicopteri -shoitd lar44ale" 

treatments be required during his absence.- "t sholrd ba noted 

here that Hr. Heinen intended to return to Gh'na for a two-year 

tour, but because of personal reasons he decided aafnirt it. 

Therefore, the above instructions wcre-of an Intorlio'h ture, and 

had he returned, he would have used the- spray"unt's to conduct 

aquatic weed control toots using selected hcrbicLes and at thc 

saw time, train VIWA employoes in aquwtic*weod* ibtroltech niques. 

In August 1%5, IAB personnel travelled to'hti Affan section 

of the Volta Lake and found the area heavily infested with cats 

of floating .ZJgU& jU U and a 5AU J . The.e ots 

were restricted primrily to the original river channel and 

were scarce beyond the partly subaorged trace that had 

bordered the banks of the River before the lake started filling. 

A later trip to the Kate Krachi area by boat revealed that 

there was a general movent 'of-floatinC towrds the Da 

and that these plants were seattered over 75 percent of the lake 

juat .below the Afram junction. Howaverg by mid-August thes 

plants had washed and settled along the shoreline forming 

patches up to 3.5 meters vido. The wator level at that turn 

was at elevation 65 raters and rising fast (Figure IA)* 
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Abwre the Aftsi confI~mee to Kate Krachit XI", 9" 

sf4htd fl)otin betton ecargont tree, and f&;a%&abvl3- and 

UW/MILU& wre seen cntangled acong subcmrged portions of the 

loodod timber. Near Kate KrachI, hAvJ%= MUA t 

Iol Zribin atrd M jR. wre reported to be abundant. 

The follwing 12 species of aquatic plants were collected 

at the Lake by the TAB during 1965-67s 

3. 

4. M k L 

6. 
.
 

8.
 

9. aS.L~&Lm"2.~L 

10.
 

12. lex 

The AB stated that P wis the oost cocwon aquatic plant 

at the LAko during the firot year and that thin plant spocLeo 

is known to harbor vectors, iLsecto, and mollusks. They also 

reported that sarm of flies wore found in the wake of the boat 

as it passed through beds of Z,.&j. A numbor of hdao insecto 

were captured and were idontifie! no uoutly bting oosquLtoos, 

totse flies, horseflies (72-~ j?..)v and at least twy opecis 

of dragon flics. (?osquitoo3 of A A2., which are vectors 

of rural filariAsi.,.aro knovn to breed I.t relation with ZA J) 



Amutic I ad Surv Z~taoo.uv JAI67.1brch 19fl 

This writer arrived in, Chana ir. July 1967, apprminately 

three yearc after Volta Lake started forming and 22 conths 

after the previous USAID Aquatic Weed Control Adviso, 

Mr. N. T. linon, had left. The rotining portion of this 

section of the report discusses data collectod by the writer 

and his staff durir.g 19 survey tripe on the Lake betwwen 

December 1967 and February 1971. 

RaD (p 2) 

During a three-day boat trip to the Obossu River area in 

December 1967 with Dr. I. Paperna, Ikitional Institute of Health 

(NIH), who was conducting a snail survey in the area, the 

author found no evidopce of on aquatic weed problem existing, 

Howver, SOtLM~JjjI~~M~h n~n. 

61" ind Y were observed. The latter 

species was most cocmonly seen growing on the vind-ovept shoro 

facing north and ca3t, which is t.c direction of the prevailing 

winds in that area. 

tit the time of thLs otudy, the water level was at approxi

ately elevation 0 cetero and faIli~n slowly (Figure 1B). The 

previous year's high water murk hod reached elevation 7F . ters. 

This two meter rise in the water level i. 1967 flooded la..d that 

had not been inundatod previously. Thio'youltcd in the shallov 

shoreline's being covered with dead and rotting terrestrinl 

vegetation. No rooted aquatic or aani-aquatic woeds were seen 

groving in that rewly flooded zone; however, soc floating 

aquatic plant3 torc present. 

The rooted plant species mentioned above were seen growing
 

... dLately off-itore within the zone that had gone through a 

complete flood and drawdown cycle tle previous year, but the 

pl.nt density we very light (Pierce, 1967a). 
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htwo Jan'"ry 4 and 7l 196U9 tho writer accaonted 

Dr* 1. PAperna to the Afrati sectio o&' the 1ow to cenmas the 

current aquatic wd growth and snail population. The water 

level ut that tim wo at eloation 00 ratorsand fall nZslwly 

(Figure 1B). 

This oection diffore fim most ot.ar parts of the Lake in 

that, prior to the floodint. this area was ar. omtonLve forest 

several kiloeters across in places. Boecause'Of -thig.' large 

quantities of dead timer axist abovc, no wll as below, the 

surface of the water. The Afran basin is relatively flat and 

wide, and it is understood that prior to flooding, many aquatic 

Woods filled lagoons bordo.-ing toc River's edge. 

'td eod ringaC the Affam Cdnfluence, but nt 

wostwrd up the River. Idi *to /ape d ,Mal a . wag 

well established near shore and out to a depth of three metars 

in placc, Fragmento of this specieo werc seen throughout the 

Afran. Aloo, near Imperi and veeas rd to Adivoo, floating iWlands 

of - w wvore soon growin anrntg the flooded timiber. 

At the Adawso ferry crosoing, these inlando ware very extenoive, 

but did not present a problem to tie ferry at that tim. Hoever, 

it in understood tat they did the previous year and had to be 

'remced mnually before the "ferry could dock. 

Other aquatic wed specieo noted during thio survey wore 

Aga"h2 Fznx~ "IAJ CYM21W J U. and 

small acvunto of Z z scattered ;iore and thorc 

along tie shore (Pierce, 196Ga). 

L (Map 4) 

In late April and early May 196G9 a survey trip ws con

ducted along the northern shors o the Afrazi frou Kongo Bator 

YApe West to Fos #l. Tho wter level durmn this survey van 
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year's high wator cork had reached elevtioe 61.5 utem dmdqg 

the previous tiove.r; therefore, a considerable GAwr (10 

caters) of laka shore wo exposed. The =et comma plant speol 

growing on this unposed area was jIM" 5ifS a e but somn 

ZaZzuM&aM I and &L& tusa wrs ab 041180 

No true aquatic wods wre observed uuLLi w had travelled 

westward bayo:-jd FlaoiJo #2. From here the Like stays within 

the confines of the tall dense forest, and 

islands, Cra ~hv~ r seen1 arid were graving awng 

the flooded ticbor (Pierce, 1966c). 

bu= X.."iA (ap 5) 

In W-d-June 1968, n survey trip -ms mado froo the northern 

bank of the Afram confluence north along the western side of 

the lake to the Obossu River area. Stops were also made on 

the eact aide of the LAke at Kpandu Torkor and Dodi. The area 

surveyed i claracterLzed by having extensive areas of floded 

low to :. oiz.-cied trees, ,-n%occacLo=lly., otuep rocky 

shoreline-particularly i: the IthorkitL Kope area.
 

The water level at that tizx wao at elevation 80 maters

the lowest level it had reache! during that drawdowri period 

(Figure lB). The expone. shoreline that wes not unprotected 

from otrong wave action, or that wse not too rocky or toop, 

was covered vwichh ErgJ~t and &J.n*ZMtB with 

an occasional patch of la/j&. Y"IA incroaed in abundance 

as we travollod north; and near Korpa, thLs species had 

virtually covered the shoreline that hiad been unposed during 

the current dradown period. Ho over, near Abukyare, which is 

located approzimtely one kilocator west of Kaorp, Ah 

still dmonatad tMi shorelno &Ion,- the coves. 

-15=
 



At 5omdf teb. wSeh Isar. /itrtatfh r st centerA 

.at tin Idl. vdry Utdl plant pvwt ws noted on the exposed 

1sa' sbae nar tw liEn landu&, ThLs lack of growti was attrL

b to the eorant" !.umi dctivity and Leavy wava action torc. 

?s~. 4tet6ieo near te canoe laoding at nod i 

ma'm m t"d-rberfsie.4"K of t-ho ts-lattvaly steep

bank and deep water near shore, it was not uide spredd not 

shmld it be epected to be in thu "ftutul iftcrce, 1968a). 

~(ma 6) 
In r4ld-July 1960, a- Sta y wm condutcd haIfmy up th 

naer Kate Kzacni and in the Oti River area. The wMter 

level at that cir. woa 80.5 taters und riming far (tigurc 1B). 

It was irtorastinG to toe th.t vary few signs of aquatic 

wood and mao-aquatic voed growth %.-s saorve3 alor.L tho Oti 

River from Kato Xrac':i .orth to the nu;La ferr~y crofsinC and 

south and 'ast ct Abotoaoc. 

Only an occacion. snall clut-r o: F ,'-.Jmri V'.O 8ee 

floatiag, and o, ohorc kAL" EtR 1. a and AlternatherA 

-AIk wer, scarce. However, ._uc:. o t::e rhoro1i.c wan not 

cabecd, and those areas t-at wore c-'ccked consisted prirarily 

of beaches ot smll stones and wint-rowed debris, local fisher

mon said that Z & and clj~j .tad boon rich nord plantiful' 

during previous years. 

AE lotodss'vich was prftably tL.-'bsieot fis h rkat 

center at the lake at that ti, "tF.y voter woo fairly deep; arnd 

during che survey, vary little aquTatic-plant growth was presct. 

This Unlet center is locIated in a well-protected cove that has 

rtlatively it*ep banks. 1hrefor,* the auount of expooed shore 

is 21tt *niuib w hence, very lit orolinethe drc dwr; le 

vegetation Is posible. amovrs pollution frora .o rany People 
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croing.around th .marbt canter ukm it 14el for IWOedW 

aquatic med 8twtI. in the futwm (1eoreo 14Sf), 

Lhe Afram area mu revisited iu early .Ctobor 1966. The 

wotqr lewl u8 nt elovatior. 83.5 mtoa (FYiure 1) a, zLeint 

steadily (uc Ldke fileled to its high tetentior. level of 

84 caters in 1oveuber 1963). 

T:hw 8nant of aquatic weads id .icraeod siCnificatly 

since the previous survey tripe to toe area in January and. fty 

1968. )frkod increases of l islands and f&a

wre noted near At peri, but t.c most drastic increase 

was in the anou.'t of ZolvapmM on the southern.shore 

and Aa IUA along t~a northern sihore of the Afrazo 

The latter two speciea extended out ii.to te Iak to a depth of 

three caters ar.d .ormad solid cats as far off shore as 70 

mtors. These plik-, species ha becoeu establis:ied on the 

exposed lake shore duri.8 t.;e previous dravdovu period and had 

been able to gro; fast enouph cs the lAk filled to atay.above 

the water's awfaco. Based on data collected fron local fiaher

man this utoo ttc .irot yer t.;ct t.oo t-9 plarZ opOciOS :Ad 

been abundant during theo flood saeon .(Perce, 1966). 

. On October 29, 19W3 .thi&wrLaor accor-paniad Volta.IAbe .. 

PAarch Projoct (Vial) pezootinel on.& general aerial muvy of 

Volta Iake. T,* flight aS rAde in a Gkana Air Force single 

engine "Deaver." airplane flying at an elevation of apps irately 

300 wtere and at n speec of 145 k. per hour. The flight 

lasted eLght . Ipra. five of wlich wrr actually used for, 

surveyLng over the LAke. At t.s tim of the flight, the 

LaMe water level was nerip its.Autfipated anaml WMI= 

high retention lavel of 84 raters olevaio n (Figure ii).. 
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the astent of the flooded sn L-aquatic and aquaticjbefI, 

weds r abla to be obeermd fully. 

urtic Usc portion of tI
The rain objoctives of 	t.oa 

&@rlat otwy Vre tot 

ases' tW Ctoant aquatic wed probleu in the -' 

lame; 

2, locate specific aquatic w€e" infcotation tat 

by boat for closer scrutiny;should be visitcd 

can be
3. Detercdne how effectively aerial surveys 

.conductsd to acciavtely as;e. aquatic wed 

dovelopmnts; and 

n general in4. lecor familiar. vith t.-ake-i 

order 	 to batter utderscan,;te physical factors 

wo decvelopren in onlythat influence 	aquatic 

atvi to '.avo a btwter intsight intocertain areas, 

place in t;ochanges that are likely tr tako 


as tio Lake -stuco.
future 

to have been completelyThe vriter coiLsidered the flir'At 

objoctivec and recocmrded
ia caessfuil in accoupliohirZ the above 


least one arial survey s.aould 4o nzde cach year.

that at 


ttiaf ware conducted by

The previous aquatic wed surveys 

tie vriter assioted in are accurately id c.tifyirnt t-e- pIant 

o, " This 'was ccooplihadthe aerial reconnaissaspecies durtnS 


tne cocro;, specicO of aquatic plants

by properly identifying 


easily distinguisablo landarkr by

situated roar knon and 

that wbon t.a"e areo vero checked fron 
rater andlor land, so 


known vich plant species wre beinp, obeerven

tw air it was 


be totally accurate,
Of course, these observations could not 


or deeply submarted species,

particularly for suall scattered 


for this type of
considered sufficievtly accuratebut it s 


Zie location of we d infootations in the ake

ceneral survey, 

_-lam 



WU recorded on a large cp for future reference, Aerial j.peto

graphs wre alo taken *for future species inentifietlM &Wend. 

growth coeuLons,
 

1ro the infornstlon that 
wes available coneesuiJa tbe 

chanos that have taken place in z;t Idk's &qmticwed oou

cuamty during ti provious tw to threo years, it we obviou 

that the species o 
aquatic plants and their dietributLeai had
 

changed considerablyg particularly during the previous 
SIx
 

months.
 

TWo areas of the lake still contained extrarely heavy con

centrations of floating islands of X 'hdaSJc IMe. largest 

area by far is in the upper Afram bcinning approliately tw
 

uils above te Adawo ferry crossin- aJ extending solidly up

stroaQ to the mouti, of t,%e River. Thif area cf infestation con

sisted of several tiousand hectares (estiated), but was not 

creating irmcdintc t;iroat to nornal lake functions sincs this 

orea is only sparsely innabitcd erd :is what appears to be very
 

limited developent potential. timvor, it was decided that 

this large nursery area for floatit:- aquatic wecds s:wu'.d be 

watc:ed closely to assure tsat it did 
no. spread or break awy 

ard endanger adJoik;irg areas of cormurcLal iL.portance. The 

other area of floati-g aquatic wed iIfestation ws in ti.o upper 

end of .Vwthe Pt River above Daw Kopo, Even thou;h this 

infested arM consisted oi loss t'cx, 
25 surface tlectaree 

(estLmted). it needed to be -tcaee very closely to be aura. 

that the Lr>ortait Drw !op read( *oarl landing we not blocked 

to boat traffic. 

The car-inal aquatic plants that 1=1 becom so wall estab

lished Ot, tie exosed lake shore during tue previous @lz ronths 

consiste: pri, rily of frLM 6 I nh and AAM 

The forcer two species were bordarine ch of the shoreline In 
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"tbe kf* aSnd iummt rd to the Sote River. Above the Sene River 

to just beyond Toji. the girn1al vogetetion conslstee priasrily 

of Am&A 

trot. thu4, ooly an est eIa 25 percent of ti western 

shot of the lAe was then ifested vtt'i t.e&A mrgital plan'tse 

t6e ftiter considorc4 thir to be very siritifleant since just 

six zouths earlier rhese species were considered of secondary 

iportance end were not at all populous. Therofore, if this 

trend contimnud, vhich it was expectoe to do, ouch: moirc of the 

lkes shallow sltlins would becon.e infostod with these sed

aquatic weds in ftufto years. 

These rarginal species wre rot expected to create serious 

probleas relativo to hydroelectric generation or lake transport. 

beds wouldHowever, it was feared that thoo parinant weoe 

provide vector s:-ails vith an ider.l habitat which could itbcreuNe 

greatly the eprecd of Bil-artiasis at tiwl L41. 

The entire lereth of tie easert". shore of the lake waa 

roJativs'.y clear of aquatic vwed rrawt., 1his was probably due 

to the areas steeper banka, nore active wnve action, and t'ae 

rocky shoroline (Pierce, 1968h). 

U t 8 ap 9) 

In January 1969, a five-dey aquatic survey trip was made 

by boat between Akosooe and the uouth of t;e 	Sero River, Zie 

motors and fallinGwater's elevation durine t at stud-,- was at 83 

slowly (FiCure 13). Data collected durLr.f this survey indic'ted 

that seL-aqutLc wed, particularly VUss wot becocdng well 

established nlon- cic of the ahorelino along the western side 

of the lake. 

earlier surveys of the asa areaCocperinr thes data with 

(Dece*br -1967 aW b0 Uet 1918), U[6' i tIiobvious that t.e 

seL-aquatic ueds RML ialxyiuIw and h.ShMlI afnd 



The water level at t oi out edz:o of t..e flooded aquatic 

vegeotation w" it. mcoac of tirec ruters v;,Lc!, Indicated that 

the future anticipated animal 1.1 level fluctuatio- of tiree 

to four rxters vwo not !Ave an advorse effecc on thw above 

spdcL". It appeiro',., Lr. fact, t.a- tiC rradual wter flwctm

tLcn st/mulamCd th*ir growth since .2gpa steu rmasuri. o-tr 

sev e' rterA wre fou::d nrowuing ir" o. ly throe Laters of wter 

near Libu below the Oboasuza River. 

It aloo appeare! tuat VojA ca. witistamd relatively 

otroug wave ictior, since it wne co-.o:!ly fouvd al-oii, W0v- apt 

shorelines ane2 exposed poiito, v:.creao Poy a- Akk-~p 

ther wero not. "t woo intero:A.:3 Lo 'id tact aquatic weeds 

wero i-c wall ostnblistie2 in the Dvijc River .uZlnL taio tript 

even thoug8i con(:itiomo appear: favorable. A st.ilar cozEdtiou 

existed in the Obossm, River duri., 1:o vwriter's firsL: visit to 

that area'lz. Dece..:r 1967. Howover, so-Im aquctic weeds, 

includinL' jo a 'mro found . rowir. in t:w Cbrsw.. River area 

durLn the January 1969 trip; thlreforc, it ,as opeculated t4at 

aquatic weods w1o.l eventually "establih te:welves i:. the 

Diwja River s well (Pierce, 1969*). 

Dtring February 1969, an aquatic wood s4ivey was cotducted 

as far up the Afra- River an possiblo and alontr the northern 

o.ore of the Afre:: bpetween t.w Adaouso ferry crossine and MRaue 

Djonba, due vort., of Aipev;. 71e prirary purpooe of t.iS trip 

wan to take a closar look at the :,oavy equntic wed rtzov% ti;at 

!ad boon obsrved in thCt nro duri.i- tiho aerial survey that 

wa conducted three am_ one-half Lontihs earlier in October 196C. 

The water level %mc at clova:ion .t2.5 '.taero ar falling during 

the survey (Fiure 13). 

As Lar" bear, rcbrdo during the ariLal ms"vey, the uain 



too donse to 	penetrate10 ko. west of Admeo this pwh beec 

concentraby boat. ThL area vs charectetiaid by jiiving jar" 

afforded t. plants
tions of flooded, euront dead tirAr vi.i. 

the necessary protectiot. and aithorage to fora a solid ras of 

uto votc cor.rised of rjhl"°floating woods. These floating 

kL . RXW j. and also gaSti S The moter 

wa noted. The clearwas extrouoly clear and a distinct current 

water would be epectcd oincc CrMIfra" water shed is heavily 

be low and.very. little algal
forestei; therefore, silting should 

of tiw sveral thousand acres
plankton could survive the shading 

cover that exists theare. It is also likely that
of solid weed 

that flow i:to t:.o lake fgoc the River are
owli of thu 	 nutrients 

utilized by the laree mass of floatinC aquatic woods. 

the northern bank of theTravellic cast of Adawoo alonl 

Aframl we noted fe er ar foer floatin. islands of Jf-" 

due iorth of Asuboni, t~wseScirou. At 	a poi-..t approxixvtely 

masses ware 3carco, and aa.d A t increased. 

These cpecioo bccarc --orc abundati as we travelled east to Kmesn 

DJoc. Sor4 scattoreJ C ' and 1utiolIaa were seen 

entangled in 	 floodc. treo3 off-shore (Pierce, 1969d). 

WO~ 10 (Obp 11)..:*IMMYa 

aboveIn February 1969, an aquatic weed survey trip was made 

Yoji. Since this particular trip was designed to collect data 

and tir did not allow,in the extrams upper reachoc of the Lake, 

wse ride to visit shorelite areas along the way to no atter~t 

assess the currant aquatic wed proiulerw. Iover, Vossig was 

observed al.ot everywhere tit boat carA in sight of land, 

particularly alon- the wastort. side of .ho lake to the Sene 

t'.e Sene River, Vossis was xpadily s"on on bothRiver. Above 

banks, but appeared to be particularly abundant on the wastern 

shore. The wmeven spreading is attributed to proyaingn 
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westerly wind&. gg also secu arovinG along tin shores8 was 

of islands; a-A in a few cases, floati.C tat of MAI& wsr,

objierved in the flooded timber. Te lake elevation wes 82 

caters and falltq; 'urinf tico survey (Fiure IB). 

The area aroutd Aklor f1. located apprcuziately 18 kn. 

south of the confluer.ce of the Black and. White Volics, con

tained scattered paccitao of yojftj .'=r sitore.'as well as 

fragmsnta of C and Ut3L u arja whLct, wre procont 

in 1ill nato the following or i' . 

Froo Aklor #1 to a point 10 k's. up tic Black Volta, V080 

was preseunt but bocarm less abundant ao we roved up river. 

ost .of the Ygepig was located in t.,a broad floded timnbr 

area at the confluence of the two rivers. 

It w i.terOstin .to. noto tiit no VoJgjj was observed in 

.
the White Volta (approximately 10 ko. above'the".Lve'..A *nw 

fluonce) which.indicates that the Black Volta Lay h ve been the 

or ginal source of VosoL, that now infesto large portions of the 

Lake'.s western shorolLv:e almost to tho Daa. '4 

Anotisor interesting, observation rmdo during this trip-wa 

the erornous quqntity of planktor alZae in tie water irmdiately 

above Aklor #1 a,'d oxtqnding up eaca of the rivers as far as 

we travelled, Hbst of the surface of the Lake in this area,'* 

particularly. in tho*. oaeltered flooded bush, we covered with a 

skin of dead al&aa believed to be jgyptis. 

On the return trip the writer stopped at Yeji to detesrtLno 

to what extent aquatic weeds were ,i:iterfering with the ferry 

crossing and nornal shoreline develop.neat.. yoj appeared to* 

have spread considerably since t!e aerial flight rade in late 

October 1968, but did not-proent any ir=adiate danber to ti*" 

ferry operation, 1owever muich of ti.e ohorelinm adjacent to
 

the ferry ra=p wac lined.with a atrip of !oasa ranginS up to
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30 mters (eeiacd) in width and growng in .ater that Was 

2.5 mtrs deep. 

Obsrv tionsA .do du ing a shor stop at Kate KrachL Ialdi

cated that quatic meds wore not a problem near the landin-" 

even ttwnog ou Manua. lAeria (cur Crass), and 1&ajL& 

more presen; in the area. The shore arout Kate Krachi was 

socewht uiquo, since it coasiste.1 of a &arm' and smavll pebbla 

beacit. TiLs beach had been produccd by the water and wveva 

action orodine away the exposed shoreline outcrops of congloo

orate rock formations which are so prevalent in tlwt area. This 

type of infertile chifting strata is not conducive to aquatic 

weod establishLentl thereforo, it is unlikely that aquatic or 

shoreline woeds will become a serious problem in this area as 

long as the above cotditions persiato(PLorco, 1969c). 

rv~~~~Mi"i 1(op 12) 

In April 19690 a sx-day aquatic wed survey was conductod 

by boat in the DwLja and Sane Rivers, as w ll as other points 

which ware visited while travelling to and from Akosocibo. The 

water level during this survey trip was at elevation 81.5 meters 

(Figure IB) and fallin8 steadily (2.5 cu. per day). Sinco 

Nove bor 1960, the lake level had f!roppod almost two vertical 

asters, thereby producine extensive aud flat0 along the edgo of 

the Lake. These fl ts were baco..iin,r covered with Altlirtnthara, 

P o W ., and Voe/a. Tao letter speciei wa becoaLnG 

miore abundant alor.g the risLn lake a:2. at tti Co'itn of the rivorc, 

hile th' former Coroo cpecis ware rove prevalent In t!t 

sleltered bayo and coves. 

asned or, wha' had happeted ir. the previous flood period, it 

was mpecteJ tihat these marginal er-iL-equatLc plant specio 

would forn an even heavier band of energeat vegetation during 

the followine flood period (Pierce, 1969f). 
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IWMhLLLR1 (ap 13) 

An aquatic weed survey we co.ucted Lip Ny 1961An the. 

Amper. and Adavso area of the Afra:4 The water level W 

approaching its annual low elavatio of 80 raters during this 

trip (Figure 1B). 

The pri-.ory purpose of this survey we to deter4nr h - .ow 

extensivo the nareinal wood problor. had becowj on the ad flats
 

tiat hod been oxpoecd durir the provious drawdown period, and
 

to observe the status of the floating Pistia-ka L-SZE"M 

islands in the upper Afrau above Adawso. ontinuul observa. 

tiona made at Arq.pi i:dicated that r. rgial aquatic plants$ 

particularly t. had spread steadily as the lake levei 

receded, Thio reoulted ii,a broao expavaion of marginal oi4L

aquatic planto that varied in otio at.d :.turity. The older and 

larger plantst were grong at tiie greatart distance fzou tiho 

water's odge. In general, the laror P plants were 

approximately 1.3 zaters hir'., flowering, and ,,rovLn4 45 :trre 

to 70 moters fro-t the water'a edge (laot year's high water :',rk)* 

Between 30 and 50 caters fror. ehorc, th frjY;0 wao .8 to 1.3 

caters high with only a oall perccnto-c boinp, in flowr. From 

10 mrtero to 30 rmtors fror; the oe,.! of the water, tae plants: 

ranged from .3 to .6 rxtero iligh, atZ notio were ir. flower. 

Those plants groving near the o.ec of ie. water were seodlin.go 

or plants in the three- to five-leaf otcag. From these obocrva

tions, it was oLvioLu that rot of tje P was becoc-inr, 

establLshod by seedc and not frou wind-rowad plant fragmnts 

and rhizorao, as was often tii caoe with other marginal plant 

species at the Lake; particularly V.ssUi. Because-of the 

extremely heavy ozand of P t'.xt was present in the Aow 

area the previous year, the bottom of the lake mat have been 

literally covered with P soods near shore sinc recently 
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gov atmed eods um found in larp- quantittI-'toWif a per 

so w* thew ef4 of the wter a feob :v8 effter the 

"eft hd beez Ummeo. 

go nowt am that wa -rslte: ws near a vtllage called 

hmsenjes WI foe "o Vind 1vr Stops* hch is, located 

nootbho.eoth t of Aqmp and appronlLty six kiloxnters due 

east of Smi DJomM. 

2his area is typical of the northern shore of the Aftm 

which is choramterted-by a gradually 	@loping ab which L 

Plant species grouinr onpartiAlly eovered with flooded bush. 

the"e etensive t ud flate included rJLWi9 ltm hnt 

MI&JA9 and sedges. Ivan thougli t5o P ws not ac 'eill 

a wellestablished there as it ws at Ac4nns it was felt that 

definad border of zomrgent &qwatic plants should becots ectablisAid 

duriz the folloin flood period. No aquatic planco-vere four-d 

growing in the wter ter this vilLae* at.-d absolutely no o.ailz 

could be found. 

.fu following day' My 219 1969, we travalkd up tw tfrar. 

along the northern ahoce to a villae apprzirAtcly 13 kla. above 

"Place uiore TilapLa are Abundart,.
Aduswo, called 3knpsta--ti for 

This are is chractertsed by floodad tiubor and bush vic:a 

ontend above tie inter all the way acroeo tho Afran, with the 

incption of the original river chanul. This section is 

furtbor iehzeterLaod as being the ar vhere the islands of 

floating aquatics start. (see furry7 Trip 9). Sou of thea 

islands we anchored in place by obtructions that extended 

abowe the mtors viile others were oviLn according to the 

drection and vGloCit7 of the win. Hany of them Islands had 

bow blow Into ,ie in front of D3otao This uade it neeo4sey 

fo the villagmre to cut'a amll trll tbrouah apprinktely 30 

mters of tho flating vgatation in ade to Vt in and cat of 



their villages by canoe (Plato I),. No otor lnces8 visit the 

village, accordLnZ to the ishermen, ptimrily 5ecme of the 

aquatic wesid.; therefore, the fishern have to treel-.1-. 

hcroea the Lake to a market center on the southern shore. Tbe 

villagers stated that the wed problem had increased during the 

previous year (Ptirce. 1%9h).. 

Observations ude at the Lake by this writer eohod that 

jkjtM usually colonizes floating a"*" of ZASIha rather than 

the rQvlroo. T-.o -raoay ioLbndc daovlop fov . seods tS.t 

are depoettod by wind or waves in the rosette leaf arrangement 

of floatIn8 Udash. As the PA&J" loavos die, they form an 

ideal stratuu for the Sirmo seedos to gaermnate and grow. 

Within a short period of tiru, t e young S plants. for.. 

well established root systems that become entwined witi thaose 

of its host. :: coiLtions are favorable, the § j d&will 

grow until the P car no lonCor La seen, except along the 

outer edge of the fLoatin- Lslard .(Plate 2). Eventually, the 

jJjr ray kill tho PAik underneath by shadLng--which may 

cause the island to sink. If this happons, and it.ofton coes, 

the A will also die and rot away. IJJit will then bocome 

established once again in the newly created open water, and tho 

wbola proceso will start anew. .1oiever, in areas where the 

Lslavnds are well protected and where the nase of floating veg6

tation is atensive, the S may stay afloat indefinitely 

if the roos of the plants have ectrappod enough gas to support 

the ti ht of the island.- After several Generations of plants 

have passed, the density of the island mass coy be thick and 

bowyant enough to support the weiht of a man (%Us,196). 

.es ae usully referred to "s "madd" foarctions. As mvnticad 

above, suh fonstions have becom e•tabLished in the upger end 

of the Afhen and hwmw Rivers were both shelt and water 



feaLIy on mffLatet to SOpPOWt lazP moe of fusting 

13 	(Ibp 14)
 

to isse 1969. on aquatic pLeA t M y mue co,uctod bern.' 

D&eSealjo and odi 029 Ioated or. the woterf side of the take 

between t.* Aflir. oDwItj River@.. T. Water LOvel at the 

0 a ritooot.e lowst £a.ticipatedtire of this sudy m" ot 

retentior. level (flure 11). 

The shoeli In the areas checked wer relatively flat; 

therefore, the vidth of tno axposod lake shore was ,o wide as 

100 metereg and averaged 50 trere in vt.t . The pl, t Crowth 

on the exposed shoreline varied frwo: statLo, to station, but 

wse definitely tho doni-nt speci s, 

fols by ?gyaL soMD Ikfl, liOLUM stlane&Lmf anx 

kaL amI. ant) uAa MAIJM. JYia doninated the upper 

%+omsa the other seecLesreacles of the asposed. shoreline; 


mentioned aboe, whtich reproduce privarily tron seeds, 6ominated
 

the 	 Lower half of tsc expoae4 shore raiarcis, 1964i)."
 

•ev.- Lo _(Mp 15) 

This survey trip wae conducto - i% Octo.er 1969 a a follow

up 	 to the Juno trip discuseod above. The ;nurpos. of t*.- survey 

moo 	to doter~tin uhat effect te rio-. weter would have on the 

the-solvos on thesecAi-aquatic plantc. that had establiU:ed 


empo ed Lake shore .utine tie previous drawdowa period, To
 

alroso irre visited that more chocked durir
 assees this te a"-

the 	Juim smy; b ver, additional areas wreo also checked. 

water Level a: t.%e tL of this survey wa nerifLCel*vetionThe 

4tasters-the anticipated annual .AC!. retention level 

(Mose 13).
 

Data eollcte dwing this owky shoed that Lx,
 

]lvmk and JMJ&&M.Led 	 toleatad Ilaoin better €Ann 



VOLTA LAKE
 

... ...
 

A. 4 , 





Very little etrent -rowth of the lattr two spees we seunt 

howver, large qu:tities of theose plants yore noticed below 

the surface of the water. Tt-c raeo of flooding aid appareutly 

exceeded the plants' gr'th rate, or their ability to stay 

afloat, Because of this, the the pl-nnto were subuarged CCU

platly, except near shore it water los titan one uster deep. 

These flooded plants, even though till green, appeared to be 

dying and wre becomine defoliated. Po jiE.g on the other 

hand, was growinZ vigorously out to a depth of t.ree motors aid 

extending as far as .5 caters above the water srtace.. Unlke 

A~LazraLnme and W Pgj3E has hollow expanded stem 

that cake it suitable for floatin& or the water's surface. 

Xadyir-ia also has floating devices, but they did not appear t, 

be sufficient except in aroas protected frou wave action. 

Of the plant species observed ravinr on L'to expoed lake 

shore during the Juno survey, Vgsp had increased the uost
 

during that current flood period. Thio graso species had 

virtually replaced o on( Altqrngnthora in areas tat 

had had only a few scattered patches of Vojso during the pro

vLous drawovn period. The density o( those wod beds were 

lmoesible to penetrate by boat, unless a path Lied been created 

beforehand. Y was seen in flower at several different 

points, which the uriter Later learned wao relatively -unc cron 

In the Oboesuw River near tue Ntoaioca Resttlstant villae 

landiLn, floatir.g patches of grass (Sa=igDa '4fBjc&=).and. 

liliss QMIhww Jg jl), wre noted. ,he azunt of grass 

increased up river abovc Nto.bo-a . and the rss ws very dark 

green and in flomr. A heavy phytoplanktaon bloon we &1" noted 

in this area (secchi disc reading of .5 oters). Howver$ 

w travelled "at towavrd thie routh of the River, " phyto

pla.nkton decreased significantly (seechi disc reading two Mtue 
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annt of Cress, Also, t oe@o petches of greas ti.ct a did the 

.ar the mac of the River did not
us" prsoout alonC tne shorve 

apper to be Crovtin nearly as viroroudly a3 t*;e patctieS far:ier 

up strea 

.Itwas speculated that the increased giwtii rate oz ci-e 

plants observed up otrewr could be altributad to the apPhrently 

higher nutriont level of the inflo6,Ln, uctor, ao evidenced by 

the relatively lar.o quantity of pliytoplnnkton seen there 

(Pierce, 1969J). 

Q.(MapamQy iip16) 

This 10-day aquatic pla't"uey "trip in N0veLIer i 

most exten3ivO silICle survey ode at tieDecember 1969 uns the 

lake by the writer. 

it was ob-iousFro. data collected durint this survey, 

that a rarginal ved problem existed virtually every"hre around 

of t-* few shoreline areas thatthe Lake--with the exception 


were rocky, vave-srwpt, steeply bar-.*-d, or recently flooded.
 

was
DurLng interviews with the lake fisioer.n, howcver, it 

interfere seriously,learned that this rzrginal ead Crovth g 


thein many cases, with their ir.c4oro fithin;; effort durin-

flood period. Bilharsinasls as reported to axist in many of
 

the areas visited, but there was no indication of -hiih snil
 

the survey.
population bein- present at the time of 


.. only doLnaut
the follovin discussion entio.-a thwoe 

speclAe of potentially danperous aquAtic weeds observed ar; does 

sparely populata species. -1:Imvsr.not include the nny otcor 


sarplas of each were collected, pressc!, and pleced in t?;e
 

It s;iould also be
project herbariw for future refer rce, 

only usedmentLoned tat tha- survey stations "lk:ced below were 

as general landmarks for future reference since the surveys 

frai the actual villaes sitesupilly extended a great distance 

mntioned,
 



YuaM Iusd octitnued to opre~d uowly along the wqtern. 

Ohore.Qfthe Gorae. but boc3uee ok -lestupne s of the banks4 

it w? zot corniderod -to be a serious tireat to lake operatlta. 

,Rather lear'-ut scatterod--quaotiiueo of sa wre ,seen 

fLoatnC.L in r d-lake. It was Is3d ti t .itsee pLanta hd.been 

blown ofi-haors, probGbly fror" t; Pavnpawn Rivr. Oi th 

return trip, " was aloo acat. ;loatit.C off-salro around 

%nkey Island." rhese plar.% could have best; the *at* plants 

that were observed farther down toe lake nine days eartier-or 

at ieast from the oar.a cource. !.guAg was also seen GrowinC 

4round islAnds we passed on the way to Abotoaso. We generally 

cruised too far frw shoro to tell itow heavy the wod Crowtih 

was on the. ainland belq Abotoaso; holwvar, we ware advisod 

that socu woda were present in tih watar Lu tiat arec. Th, 

sheltered cove at Abotoaso veo virtually froe of aquatic woods

a condiion attrLmtod.to th-. rcoa oLOop bato ond provilins 

off-shore vii.'s (ocao Survay Trip 5). 

Abotog" to juat below YeAi 

: Aquatic ieds, . ostly VogLa. wore obsorvad grovLn canm., 

sively around the islando and the shorel.ma viLch Vas-vied .on 

the trip up lake. 

Yakto YFawr,.no to Hnretxr.o River to 

Bwadene or the Boninrt River 

,assI wae wll eotablished clone thp shore at YaJi, but 

it was not prosenting ,athrect to ttue ferry operations. !qwever# 

to aipract on public :oalth is not k:wn, and BilharisiLs was 

,reported to bo cmo-- at YoJi. 

The shorel1im at Hdono wac also heavi y-cove rd Vith, 

aquatic weds, but most of it.was rather than 

Yoseii. Frou 1Skonro, we travelled north and east to the 

Nanw)m8o Liver. lrao we found ti.e si;orelLno covered vith a 
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c~ipu e of voosia. QZXM, and I& h.Aa M su. 
Fror. itere, we crossedJgdd&M, and Al-rnantherawre present. 


to the westert side of the I&M to Dut.,bad;io on the Bonjarzi
 

Rier. T1w domainant species i, this location wa but'earla. 

Illypa krI1ggsa-AnAi. ndyj Alternanth3S wore n andants 

The wod band avera['od an astinatod 100 notor6 it. idth, vit:'

soce areas exceeding an estinat d 130 r.-zers. Fisherton Otated 

that they could not fish aon'. tl:e wood bodo there with .cL99 

but trps were Lenerally euccesful. They said tlat fisahi., 

wae Senerally bettor acong the Craos t:sin in the Polyg beds. 

was intereotin- since other fioher-*u. interviewed i-.dicLctbdThis 

thai fiahLn- is usually better iii frIji than in Vossi beds. 

Two fioherron v;o fish from a villa-e about 16 kI. north stateo 

" 
that the woed beds were overn worse there. They -also said thai 

their catch had beer. ouch lower during this yoar than in the 

st and that they attributoZ this rzinly to the woeds tat "" 

were Brovin- in thio shallow vater. Thin informtion was Givon 

coopletely voluntarily without tneir havinr any knowledge of* 

our miosion. It was therefori oonidered to'bi rrliablo 

than if we had asked thati directly if the weds interfered with 

thei' fishine.
 

Uhxmbadene to Paubu on the Kalrakan 

Fro BuDtdenes we crossed the .lak to.panb on the Kalura

k r "iver. Apparertly, thin river bottom was very rarchy prior 

:to tho formation o the lAks, since t"heroe were extensive open 

of trees, a d the mar-in of C.e lake hoc; an abu:'.dancearean free 

of marshy aquatic weds-ouch as y , $ a irant3L!.O 

!uehA. and other Crasses. BilharzisciaWwal. !oni. 

wa reported to be widespread Iero. 



h~ua t Dedar2h,--m on the 

brginaIl grass w5 fmun gorinG in abundance each tiIu 

the boat travelled in sxIht of the amInLand. Also, several 

patches of Vosk were sean a. 0n the tall trees adjacent to 

the oricinal river channel. However, very few cargLinl aquatic 

plants were seon iear Korpodekes. Q&"j~Yjj we presn-, 

but it se. reported to be ruch leas c¢ nOn tian in past yeans. 

hd' lack of uar-iLnal aquatic wes in this area ws due to the 

fact Cmt wator covtrod what was originally the first trough 

(flood plain) behind tie first natural terrace that corm~oly 

parallels rajor rivers. T refore, the water level was 

surprisincly deep imuediately off-s.ure iti this trouCh. his, 

and the relatively Adgh turbidity of tio water, night have been 

another explanation for the reported reduction in C~gjjnyj. 

Korpedakat to Kolanpbnan to HDtL 
to mblaM on the Black Volt 

More wods, particularly grosses, were ceen whilo we 

travelled up ti-e Black Volta, tii wre evident- on the White 

Volta. Howevers because of the ratier otcep bank alorC the 

southern shore 3f tim Black Volta, few wods wre present. 

Larae quantitiec of g vore oo:; Grovinr oti what apparo;.tly 

had been islands or high terraces prior to this ysr's flooding. 

VglM QZULfr~oa b Alternanto to, mknU1 Ut~cIAL 

and other aquatic and soti-equatic species wre very aburdant 

around Dakupe, wich is located on thc north bark of the Black 

Volta. This area is very flat and therefore subject to heavier 
I . 

rarCinal wed infestation than the southerni bark. Bocauao of 

the flatness of this area, the first "tt0uah" of the liver is 

locartd far off-svoroa and thetefore, it does not Lnfluence the 

shoreline veottion--as was reprr.o- for lorpedeke 02 on the 

White Volta. 



c 

Akn,,I,- to Ka-, Krs.i 

The carginal woeds around AkAsiu 	consisted prizmrily of 

also abundant. It weYMAJA6. bat 2 MaC kchiiog were 

Interesting to' noLo t at arally vilore these thre species 

of the stripgrw together, Yusgi douiuttea the outer edge 

lo ilo2kMand &J~cho are ac.i wxr plentiful closer to 

shoro this sara tAing ws obsorved durinC the early stage. of 

the Lake, but tit condirardinal weed eaoveloprfit fathor 	down 

season.tion changred considerably durin-	 the previous flood 

Thereforo, it was probable that this ";onitSg" was unique to thi 

fill and could be lass distinctive infirst few years of lake 

the future.
 

*The weed probloD iomsdiately around Kate Krachi continumed 

to be scattered. 1w.ver, vitnin one kilot-tor or. either sido 

-rasses were well establishedof'the'ran ladLndin tie aquatic 

alonS the shore. It ws roported Ciat Bilhaculasiwse still 

On here. 

Kata Krachi to Abobafufu qM4IL'g" 
Villaie on tho DiAM Miver 

Bcauase of t,.o TDhja River'a unique rocky characterlsticas., 

it is unlikely that aquatic woeds will ever present a serious 

proble there, Furtieruore, this area iha beer. designated as a 

futrum as reserve; therefore, all of t!e fisherren, hurters, 

and tariers were sc eduled to be resettled froo this location. 

Becau4 of this, public .toalth and fishery probleto associated 

vith aquatic woeds should not develop, 

ftis "a I lanIt to hrbe G1,.W1 

The trip doni lake to Threbe Gah wes uneventful since we 

were forced to travel far off-shore -too far to effectively 

smwy the sorlir4e. ltmver, som Vossg was present; but
 

in t:.is area, the vidth and
because of the steep rocky slore 


density of the wed band was relatively space* (Flerce, 1969k).
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An y WO 10 Olp 17) 

Durinc Nove-.bor 1969, a survey of 42 fishing villages 

as conducted alon, the nort.:orn s8tore of t.i Aframz River by 

Mi. Peter W&ostam:- of the VIP. °14a prirary purposo of this 

survey woo to obtai. fish Liorkoting data; but upoi, the request 

of the wreiter, fir. 3osttmy also collocted aquatic wed 

distribution informtion. The vater loyal was at elevation 83 

matero and stoady durinL the survey (rijure 3). 

Data collect&t 'UrirL that study ojwm]J, t~tt z2j~j-tW.* 

was sightod near 88 porcent of the villages. followed by 

Altr ntra (55 percent), yjuJl (45 percent), gu.atiht lI= 

(14 percent), and Psta (7 percent). 

!uiLg doot~iatod the shoreline area alon8 the southern 

shore of tie OffJor peninsula, wtieroac Poly=nzr and Altknan

th uejte te rost coon specieo fou-d along the northora bank 

"of the Afr=6 Thin condition aloo r.i:oted durinc the previous 

flood sdason (1968), but the density of the veetation had 

apparently irccased according to the infoic tion provided by 

Mr. westay "(Pierce, 1969). 

A study conducted at Arpet: by this vriter it: Uovember 1969 

th1tnat tho larvae of the rtyfly, PayvlV. ajjj, readily 

burrbw into and occupy the hollow at"ofs of . Thio was 

the first'recorded observation' of thin at'Volta Lake. In the 

pat, thes" larva.-vaic, are ktx.r.-. to be an important source 

of fish food--ire almost exclusively fourtd burro ed into tit* 

soft wood bf t:.c flooded ti.-ber (Petr, 1968 atd 1969);" flro 

is no doubt that ::.e flooded ti ber will still support far 

more of those larvae than the flooded gl . but it wa 

evLden: that these' flooded wooe b will play anrio i.-vrtant 

role in te future by supporting ti.ese insecto wA.en tite flooded 

tirber has rotted amy. Soce .PgMil.~larvae vmre also found 
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!ustoatetio eztremely hard and or-th surface, relatively few 

sicns of pontratio; have actually boo,. ioted to date, 

fglyiwnw, :wvr, nust be suited well ivtce studies coi

ducted by this writer anr the Aqutic Wood Control Unit (A CU). 

staff four4J 488 Pmt ' arvae, rar.pgi, . ,; frorj 6 to 22 Liu. in 

lOngti., occupyin:. 42 :,aterc of rando.ly selected ZgIXSu2 

stus--for an aver&ao of 11.6 larvae per linear motor of -ollow 

stau, Penetration ws usually rde -*ar the nodes of submerged 

I11C stems. 

At the rate t'hat the frvjJi larvae were attacking the 

?al .y, the writer is not certain Wh.zthr or not- this plant 

can survive i.,, sufficient quantity to support a significant 

nmber of the larvae in the future. This uncertainly is based 

on the fact that during the 1970-71 flood period, t;.e !om 

beds near Acpao-vhich were attacked ;.avily by w larvae

seemed to have disappeared oarlier t:Lar. in previous years. 

Thera is no doubt that the many holes tiat are bored Into the 

hollow stcrts not only weaken the plant, but also reduce its 

ability to stay afloat.
 

The Loportnnt thing to determine is whether or nt P 

plants can produce viable seeds sccessfully before the pla.nto. 

are deotroyed by the rI.i larvae. If-so, it is likely that 

the gjyg will continue to re-establish itself as it :-As 

done in the past. If not, it is iL'ly probable toat less and 

lees ? will be seen at Volta Iake in the future. 

To detort.ine to wat extent Poyij larvae are utilized by 

lake fish, the writer and As staff used tho larvae for bait an 
7' In. 

erall fishhooks and cau ,at the followin 16 species of ftsh: 

. Hsterotio rilotifus; 

Alastes racraloadotue; 

4,3C
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o FuLni €,2L .&k fkM; 

fteed on Cis fimdiut; it is obviouthat the fty beds 

play an izqortar.t part at the LAe; t~wrofore, eatensive control 

masures should not be encouraeo ut.loso serious consideration 

is gLvon to tle poteitial loss it could* cause. 

• , IL=17 (mop 18) 

In Fobvr/ 1V70, a surVey trip was mods betwen KorLa aisd 

Dess. Tas wtor level durine this poriod was at elevatioio 82.5 

caters and falliat (Pi-ure I), tireb. exposinZ apprm.izstely 

50 percent of tho oalorlirne vootetion t.,at 1.4d 'een flooded 

during the pravio igw ter period, 

Hear Wause, in tio Sons River, relati%%ly little vestatioc 

m smn in the wterl ' mvor, tchA eped shoreline wa be

comin heavily iLufosted with young am s A 

and JhgL plants. 

qmt ctnly ~eSht. 



msshe condLtLo we observed i. :I DaIja Iivers and 

son am sm.n &rovwig thter for t:. ftirst tiLam, 

Hear garras j ws still troin& 60 zaters off-s.hore 

and in the Abukyer ano--which had been usd as a chock point 

for deterninc t:e rate of YaIS Vrouth for the- past two years 

(see Buzwy Ttlr 4) -the shoreline in virtually soltd YoSlI, 

In 1968& this area was predmLfantly frjlrj (Plirce, 1970b). 

IMZwL_ L (J'cp 19) 

This wrviy was cornducted itrHey 1970 in an attespt to 

locato areas for conductin. aquatic wood control eperiLrnts, 

The areas vLsitel wre based on data provided durin8 Peter 

bastamy's study (see 9rvoy Trip 16). 

The first ara me visited was near Kofoade, which is typical 

of thi central portion of the nort.iorn shore of the Afrau. The 

priLmry plant species wre h iyLatad A3.&antimr& but soca 

hu m also present. The vidt , of the exposed lake shore 

ws approLratsly 100 ceters, and tI elevation ws at 80 .0tr 

and falli6 slowly (iCure 15). 

The nt area surveyed ws near the cornfluenco of t;o Afran 

nar the vil1ago of Akpaflu and Akpabudi. 71%e shoreline in 

this area un virtually covered vita aAWA 

4

for several miles 

on either side of thse two vilLo os. Tis. width of tit expoed 

lake shore we an estimated 90 t oate. 

Another area us checkad farter north alonC the wastera 

side of tie lake near the villaCos of Abukyere Koraj, end 

Sokpos. As has bsett rentioned earlier in t;iis report (Survey 

Tripe 4& L30 and 17)& tiis area ws urA!er observtion for two 

ootuecutive yoare to daterrIe the rmts of W A.infostatLon 

and the ebane in species cocositLon. YgdAa me still the 

dotAnat plant Crowinc on the =poed lak shore in this aresa 

and there ws no sLn of any other plmit species becin- 

p.Fkdmt,
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To deterinc tho extent of .Vaui infestation nmer then 

villaGes, a survey was ude as far west into the bay as Duabewg. 

So€s Yania wae present rear t is villao, but local fisheruan 

advised that this species was not an coLzn in their area it 

wae farther east towr tie cLn Iako. Young _ftJX&2M and 

& WM L1Ia plants were seen CrovinG on ti;e exposed lake 

shore, but sot heavily as in other areo visited. The lack of 

shoeline plant grovth may have boon due in part to the xtremely 

large quantities of fallen troes and other dead debris lying 

all over the exposed are. 

Thi last area surveyed during t:is trip was near Da Kop 

on the western shore of the PavcpavD River, This area is mom 

typical of the upper Afran than any other area of the lake. 

This section of the Lake has a considerable amount of flood 

timber extonding above the surface of the water. Among tis 

timber were floating islands of Sraso (I acclolssaf.icana) 

and &one LA- Local thatsoc im. fiahortan advised Lost of 

the upper end of thc Puvcpaw-t Bay (approxinately five kilostere 

farther south) was oolid in floatine Potia-Ij islands. 

The exposed shoreline near Dawn ws covered with yom8 

frlitnw plants, in additLo .o soo scattered patches of 

MaLoiapt (Pierce, 1970c). 

MU t 	 Dot concerning aquatic wood developoent
 
at Volta Lake between May and Deceziber
 
1970 are discussed later Ln this report
 
under the heading "Aquatic Weod Control
 
TochnLques, Procedures, and Results."
 

zL19 (Map 20) 

In late February 1971, a general aquatic wood survey mse 

lovel 

SurnX 	 3z 

conducted betwen Akosmbo and tho DWiJa River. The water 

at that tire wa at elevation 82.5 moters and falling slowly 

(FLue 1D). Ts survey showed that ygMJi had becos estab

lshWd as far up the Dija liver as It=r's Village; howaver, 

llaii 3 ax scciU do4nasted.at. 
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At Ahuyere, cut~raaa, (Z&aip '..onaiZi) was foumd bscovirec 

e-.Ablisbhd at the twuth of a arAl! strea.'erterin- the Lao 

?aly had dortLnatod the area in t..u pas.. 

At Akpabodsi and Akpdiui, V ctill dor-Inated, even 

though this s tline are- w:c bucnaod 4xtensively d",:ing the 

provious drsvwd~n period (cI 'Aqu,-tic Waod Control Techniques, 

Procedures, arw) Peults" ln",'r ,', c. it. report). 

Fton Akpabudzi, the survey was axtened to Dowd Kop" on. 

tae Pr.vntpe Rvero Ao wrs ciscucad under Survey Trip 17, 04 

upper end of the river syetot. wac cor-i~lctely covered vith 

floatint iglanda of !i_4.LIrp# Sono tattais (jtj 

eMLZaliI.s)were colonizing, theo floatir.e islandtuses, as well 

as the shallov water neat nhoro. In additio'n, som t 

was observod-perticularly near rhore where it was entangled 

in flooded P (Pierce, 1971a). 

For additional .inforcstion concorr.n' the d itr ibution 'atx 

annual chanos in aquat. c and @out- quatic"p3into gro-tnt on 

the drawdown afes Of Volta Lake, tho vrttet r akes reference to 

a coma ehenerive W:pot.tentitkd" 'Obs,.ra iLono on tim Vegetation 

of the lake Volta Drawdowr, Area, July 1968-February 1970." (VWtP 

by Mr, J. B. "111, Ltctutii, Dpar-Tmnt'"Tcchnical Report X35), 


of Botany, Lo-on. The report not only doeribes plantaspecties,
 

but also detaila tlir abundance, locatioa (zone) on the exposed
 

lake shore, and -the coil type where tVay yow.
 

- .AQUTIC WEED COI't L TW1.JIQUKS, PROCMIJ3 ,
 

AND RESULTS
 

It les already boon cntiotwd in tis report that the 

Goermnt of Ghata (QOG) envisaged an aquatic weed explosion 

few years of lake fill,developinp on Volta !Ake during the first 

and thc considerable thought and effort riven to how thiswas 

pending aquatic weed probler._;coulc' be controlled. 
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This portion of the report dLcussos recosr-Andation t.de 

specifically for tno control of aquatic wcds at Volta Lake& 

and the results of aquatic wcod coa.;ol toots coaducted by this 

writer and the Aquatic Weed Control Uuit (AWCU) staff duritW 

the period July 1967-June 1971. 

Hainen-Ln a roport to VRA follovine his two-wek survey 

of Volta Lake in April 1963 -recorua-ned that evn though a 

serious aquatic wood problo.. dctvolopL,3 or. Volta Lake wes not 

assured, it would Lo advisible for VIA to purchase enouth aquatic 

weed control oquiprant (boats, outboax. otors, aPray puw"I Ord, 

herbicides) to contain a weed proble, that idCht develop until 

more extorsive control arrangements could be organised. He 

also rocor ioraded that an aqutic wed coutrol specialist be 

asigrod to the Lake during the initial lake fill period to 

train G0G erployoes in aquatic weed control procedures and to 

be present to assiot in developin- a full-scale wood control 

prograr should it be require,!. 

Also, in 1963, the Volta Basin Research Project (VUP) 

recomended to VIA in a report entitled "Control of Aquatic 

Weeds in the Volta Busin" that all of the aq,;:tic weeds 8rovinL; 

alorW.tija edrge of the Rivo r and in the la4oon n azehes within 

the L1aks banin below elevation 85 voters (200') should be 

killed with chL ICal herbicides before Ul fill began.. The 

theory behind thia rocoriendation was that if tost of the aquatic 

weedi within the lake basin were !(illd before the Lake started 

fillift, t:b likeL iood of a serious aquatic woe problap. 

devolopini; would be lessened considerably. 

The herbLeije reco cndod by the VBRP for consideration 

included "otds: arosenite (162 03) paraquat, aid diquat. These 

herbicides bad baeo. chcson baseC on work that had beon carried 

out on LAke Kariba (Hattingh, 1962)0 and i:: the U.S. (Iawrnoe, 

1958, and Mackenthun, 1958). 
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gvn though considerable thou..ht wo given to the above 

recozandations. no aquatic weed control ws initiated prior to 

lake fill, Howver, thre spray puipo were purchosad in 1966 as 

Heinen reconnded. These punps were used by this writer for 

tourcotiduct;.g aquatic weed control exporirerts (urinl" his 

(1967-71). Thoao results of these tcons are discuised below. 

(So Table 3 for a list of the herbicides that weri tested durin8 

this study.)
 

Public Halth Related AauAtic Wa d Oont_ Tests 

Earlier studies-by Paporma (MA-65) ard Obeng (1965) 

siod t*:at aquatic weed growth aL Volta Lake harbor vector 

snails that transnit Schistosomiasio (Bilharzinsis). and o ' 

mequitoos which are vectors of rural ±ilarinsis. Paperna alo 

found that tlhe incidence of Bilharsiasi'o infection increased aso 

the lke filled. This Increase wds. attributed to the expansion 

of the vector snail population tCat -develdpod as aquatic recds 

becar more plentiful , and to thio rapid influx of people to the 

lake's shore to fish and"to farm~. 

To combat the spread of disea3o at the" lake, VRA requested 

t6at 'this writer give priority to developing roethods for con

trolling those aquatic woods that-prosont public health hazards.,. 

The follovint discussion Fertains to studies that were carried 

out by this writer- and his sfff Ai rosponse to that equest. 

fost-mrrent Tets 

It was theorized by this writer and many ef his associatea 

that if areas around lakea14o' villages at Volta lake were oade 

less attractive to vector snailz by drastically reducing the 

acount of aquatic woods there, tra: ilassion of the disease 

should decreaso accordinZly, To test this theory, a series"Of 

field mperimanto were perforrvd to.-dtermtine which herbicides 
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and techniques wre ouitable for offoctively controlLik; aquatic 

woeds at Volta Lake. 

The first weed control test was zade at A . in February
 

1968 (Map 1). Tis fiahin, villfe is located on the Afra:. ari 

of Volta lake; and at the tiz. of tIis study, the 3hallow s.ore

line was covered with ,rous fallo, ('cad treuc, arJ p.l, 

and floating LVas8e8 of YaUJU&- MIS Lza, 3nd xnlVLi. 

Socs Pf rm also grew or the exposed lake shore. The first 

herbicide application was rude uainC paraquat at a low rate of 

.33 ppia. (based on tw volun of wator within the treated area). 

Paraquat was selectod for testin first because it was known to 

be a relativoly safe and affective non-solective herbicide$ and 

also because paraquat had been roporteJ to have aolluscicide 

properties as well. The test plot Loasurd appro~irstoly 600. 

cubic motors (avoraood 1.0 reter deep). The chemical was applied 

by mLxin3 1.2 liters of paraitat in 13.0 liters of water and 

spraying thLs solution over and under the surface of the water 

froo an outboard rxotor boat. l -idately prior to-and aeain 

in one, six, 24, aid 40 hours aftor-troatuent, aiples of water, 

cmd, aquatic organics, an' planto ware collected from the test 

site by VURP ant) TAB personnel attached to the VIA. for future 

analysis, io rticeablc advere offict on fhaL, fish food 

organisms, or arailo was noted durinz or folloving this treat

mnt,
 

Observationw that were rne follrintg the treatrent indi

cated that the C had .not beo rnoticeably dauZaed. 

However, those floacin, or emergent species t-Cat were hit b7 

the spray solution wore killed or badly burned. Zie poor con

trol of underwater plants vas attributed to (1) silt (clzy) 

particles t:Iat cormpletely. covered tihe C at -the -tim 
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of treatasnt (parqua. Ia notralise. iuadiately on contact vith 

clay colloids", anU! (2) rhe sall size of t"e exparicntal plot 

(600 cubic netero) which allozd e..ccc-vc ianJ rcpid d.lution 

froa the surrourAinL: water r-uo- Paraquat normlly requires at 

least 30 ri.tes of exposuze tt~o at ouch a low concentration 

beforc it In lethe., 

Howver,, bver. 4f t;aio reatacnt ,ad bean successful, it 

still %.a doubtful fr-A3 the bza: if -pa:aquat would be econoc'.ical 

to us for the control of 5uboarrnd aquatic weds (particularly 

rj) under Volt L lk corditiono, The reason is that 

" even at .33 ppa.', paraquat would cost rearly N975.00 (@ N5.06" 

per liter) pcr hectare raterl/ (10,000 cubic :*ters or approxi

vately 8 acre feet); and it 's probablo that r.he trcatcnt, 

regardless of tha concentrotion, would kave to be repeated at 

least once in order tnca'intain the area reasonably free of 'sub

"mrged aquatic ieeds for one full year. Furthermoro, it Li this 

writer's opinion'that oach treatnar" would have to be increased
 

t'at leaot .S .5 ; therofore. the annual coot per hectare would 

approach N0260.00. 

Durint; this same period, three mtall floatine islands of 

-were spraycd with tharoe difforent concentratine 

of paroquat equivalart to 1.25, 2.5o, and 3.75 litcrs acid 

equivalot por surface hectare. &,,-hqumntity of herbicide was 

61xod with wter (fcrming u rolution equal to 700 liters of 

spray solution par hoctare), and sprayed directly on the islands 

Uati the vetatior.wcs thorourhly we ta' d.
 

Those isends ,ara lodCod atbong fl oed:t-e 'in water
 

approxi ately sove. L'toro deep. "Sarupqls of water' &oil,
 

SNetare of water adeernjir 
one 'ac'er deep. 

http:N0260.00


plets, and &quatic inrtibrates wre colLected as described 

&bov, 

VictLn 24 'iours after tro notit, t.j islaV-s started to 

txrn yellow, indicatine that thae ;crbici~d ws tekinZ effect, 

One wek later, the islar.d that had boen sprayed at O. 

rate of 1.25 liters parequat per !:actaro wes yellw-but sora 

green wrth was still evient near tite water line. 

The island that wae traitce with 2,5 lit-v, parequat per 

hectare tid turned yollow and brwn throuchout, 

The last islAud, which had been sprayed with paraquat at 

the rate of 3.75 liters par hectore, was alzwot totally brown 

and we already shwtlne signa of "breakine up." 

Within five weks, all of the islands had completely 

disappeared; and at no tire during the course of this study 

we there any evidence that theso treatments had had any 

adverse effect on the take's biota--other than on the Islands 

therelves (personal €ocLiquo fron T. ]ttro VIUJ DLve lty 

of Qhana; Pierce, 1968b and 1968c), 

Copor Sultot 

While revisvi. literature ir.an effort to find prv.LsinC 

nethods that =mLCt be applicable for controlling aquatic wods 

and snails at Volta lAka, the vriter cam across an article in 

the 1967 auumir odition of the haral Lsloo Jourl itdch 

described tl. preparatiosi of a snail poisot that consisted of 

five units copper sulfate pluc .10 units citric acid dissolved 

in 45 units of water. ThUc solution is oUed wit. calcLu 

sulfate (plaster of PrLs) at the rate of 10 unito of calcim 

sullets to five units of solution b; volULe. The Diature is 

then poured upon a flat surface in snoets apprORUiztely one 

centimeter thick. After the c€nou has hardened, it is then 

cut into the desired sises. Mte it~hr of the article stated 
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that the snails are actractod to the srll cubes by t~ie calcium 

and the citric acid (calciw.. citrete) at2 are killed by inteoting 

the copper. Since QUgrigo xll. is aloe k:x&oi to be hi,.hly 

susceptible to copper sulfatc, tiu writer conJucted the following 

toots to docervirno w ther or not t.aio cit81 cor-'pund could 

control both aquatic weeds and snailo. 

To test th'is co_ ound, the writer purclased the necessary 

ingredients; an with the assistancc of Dr. B. A. G. Ents of 

the Institute of Aquatic Biology of the (QinaAcodey of 

Sciencos, the poison was prepared and placed in a srall glass 

aquariwu. The aquarium contained approxi33tely 20 liters of 

wcer and us stocked with Cuppiao (Liabistoo r.Vic ); 
" 
Bultm s, Ly n . Li a narilr; aquatic plants (& a o~~lc, on, t..I 


and Svlin); a. several species of aquatic insects. The first 

exparieont consistc of only two aquaria--one for the actual 

test and one for a control. The toot aquariuw was treated with 

appromiratelylG graw of t'Iepoiso:: .%Lxture. Within 24 hours, 

all of the anirals and plants wre deaC. Since it was evident 

that the cocound woo effective, anotier series of tests were 

coaducted. This tine, five aquaria were set up as before. The 

first wes the control, the second contained throe grati of otly 

calcium sulfate-citric acid, the third contained three Grams of 

the total poison, the fourth cor.taind twe grar of the total 

poison, and the fifth contained one Irau of the total poison. 

The second aquarim.: was treatod vita tne throe grOLIS of calciuiu 

sulfate-citric acid (uirnus copper sulfate) to he sure that t-e 

copper sulfate ins the lethal agent and not the calcium sulfate

citric acid.
 

Twenty-four hours later, all of te sails were dead in the 

aquaria containih-. two and three erar- of the total poison. 

Scam of the snails wre also dead in the aquariwu containinr, 
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one S= oft ts. poiso; and vit:i 4G ,ouz, all of the 

snails were dow! at this lowst conctration. Also, the 

frthIx u; dicd in oea aquarLwi vitan os voke 'Hoimsr, 

no fisho aqvatic ticocts, or flMotin aquatic planto died in 

any of theoe.tests. 

In the.aquariw. treated wit- three zraii. of cAlcwli sulfate

citric acid alono, no rortallty of a .y of tie test plarto or 

animlo was noted curlng the full weelof the eaperir.nt. 

It was beliovod that L- rI'xtuo wds killing,the test 

spoolmno by the copper loachinC fr0.) the cocpound--rathor 

then from direct inootton--aii the Czti)m yes also 

affected and wao not in Jiroct contact with the solid t.xture, 

It was also doubtful that alL of t:C dead snails had cco in 

contact directly with. the poLooi. nixturo within 24 houro, 

since-they ware normally located o.. the aidoo of the aquaria 

near the wator line-rather than ot. tAe bottom wshere the 

poison bait woo 1.ocatodi. 

Te.furthor toot this proidoin.. ,mttod of control, the 

writer decided to co:=cuct a series of field exporirmnto,
 

•Two 60 at, X 60 cu. X 60 co. -alvais o..! screen wire bone 

were constructed and placed in a pond near Accra* Sach beA 

was placed in water approo JrLitely 63 ;m0tere Jep atid -/ stocked 

viti:ieh, pLanto, snails, and larco aquatic insocto. -Ono bo 

was treated with tiree Crac of th.e poison coLpound, whils ie 

other box--placed about nLna rtoro amyo-ws used o ttlo con

trol.. The site was visited eac, day for one weok to assas" 'te 

exporicanc. N4o noticeable control of either sa-al Is of plants 

had occurred, oven thouch the Cgtgyjij appeared to be 

weakened. )Howver, by the em) of weak' tho S azrtao Ldm& 

had fully recoverot-'. 
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rne eopper ahd plvinled ustal have an eletrolytic 

affinity tovd oe anocte, the writer considered that thin Qy 

h -.Advreelyinfluemod thi reeuls. Drrofora, tvo m. 

bas were siotreusete . inert ylon win. The above cost 

%es rpeated and the swm negative results wre 'nowd. 

At this poingt it a" concluded tat thc vMtLo were .ot 

beinC attracted to the poison tdxturr and that the dilation fror, 

the --yon- InS wter we too great for the leacetd copper to be 

lethal to the aquatic plants or to the snailo. 

The final test consisted of placinC four cubic centiujters 

of the poison alatore eery onr to 1.5 l.itfts alone the es.oreline 

where the. nylon ocroed bce were placed. This procedure is 

sirilar to %het we recoiunne by earlier workrs vho found 

this technique effectiv in Florida. 

Tlontyofou Iours later, tho area tmo checad; ut none of 

the smilo or plants appeared to be affected. 

It o conclued that the calcimi sulfate, citric acid, 

and copper sulftt r~tturc we not an offective coans of con

trolUnc, emlls and r um-!or condition. sirlar to 

those that we tested. Purtheraoro, sLnce it wa obvioun ttat 

the snails and plants I-. the aquaria -Ad been effected by copper 

consentration in " motor and rnt be intofotio. of the poison." 

udz~e itself, tiw writer 0me no advartaLe in using thin -. xtur 

when oopper sulfate alon could be used equally cc wil and uors 

eeoflcdcally. 

It we oonooded k this writer, .towever, that uner certafn 

oooditiome =her calm Is in rr't domnd by the snil Vopul"a 

tion, the above tewhniqs ey have definite amutaoss over 

ougs OM"ate.alo (1Memoe 196d). 



As owk contl;.uo at tie Zak.6 it boea" apparent that 

tmting established otands oE aqtic weds nesa sheme fror. a 

boat we iipractLcal in wost areca. The prUhry problema 

encountered we : (1) s.Allow wter that ruds it difficult to 

st close in to shore; (2) ratk vwd jrwth. that could not be 

penetrated by boat, takinr It iipossiblo to spray the W beds 

with herbicide; and (3) fish nets tihat beca.Ar entaniled i, tho 

outboard -otorto propeller. Terefore, other approaches war 

sougto
 

One method that appeard to be well suited for Volta lake&
 

and which had been tested previously in the UnitJ States by 

this writer, was to troat tha exposed lake shore vith a soil 

sterilant durinC the annual drmadown period-thereby .skin, the 

treated are incapable of supportin,. plant grouth duuin the 

folloing flood scason. Several different herbicides are k!.mn 

to be suited for tis type of pro .errCent me! control. 

larlier experiunto condctee by this vwitex in the U.S. showd 

that fena; (2# 3p 6 trichlorophonylacetic acid) was the at 

effective of five herbicides toste-2 usinL; this tGO.ni ; 

therefore, fennc wa chosen for tetir at Volta lab. Studies 

carried out in thi United States .. ierceg 1965) shoed that 

liquid fene applied at rates tanein- f-o: 65 to 130 liters 

(12 to 24 k,. acid equivlent) per hectare on the expoeed 

bottom of ponds, lakes, an, Lrriation canals durnM ,draeudo 

gave meellent control of rooted aquatics the folline year 

after flooding. In s=A8 instances, this contrel lasted up to 

three years. The cost of treatLne one hectare at the rate of 

24 4,. acid eui.vloot (130 liters) fenac uld be appmoui t5y. 

O00.00 at N83.00 per Iftor (12.00 per el~n)# Ihis Is 

appramiotely 100 per t higher than the UM, price. 

http:contl;.uo


Vanes mks by becortrin "f iUsd" to the Clay Colloid O! t!e 

sail, arefages abets a plant's root extend into the treated 

soilt the terbLcide ia takan in alo:.; with the mtuiants; an' the 

plant dies. tar those plants that do not .avo toots, such as 

Scotitrol would occur ttroti absorptio:; when they
" 

I,.. " • 

co in contact directly with the treata soil, Virtually all 

seeds are kill.d incl&-,_aC .Cratl Z.h rUIwithi the treated 

ame soon efter they Gor-.inane, InterostiuLly, howver, fonac 

does not appear to be hiehl' tomic to btottou orgnniesra since 

those anicalo-particularly g&Llgf"wre £outXu in obutraen.nce 

followirn each treatrunt, Also, ecause fenac is fixed on the 

clay colloid, it stays its place (dooo not leach) unless the 

treated soil itself is rorovoO or tho c.-*--cdal has been dograded

through Lacterialactlons--or absorbee by plants. Hoever, for 

tcst soil typos, a oit.gle applicatiou (130 liters or 24 ke. per 

hectar.) o fenac would only be axpocte to last one year if 

this area is flooded. 

To test*thin herbicidc under Iake Volta Is tropical condi

tions , svan areas iasuring 100 square uotors eakh -6re pre

pared and treated with fenac becweon July and October 15, 1966. 

Your " as wdre treated ear the A '-.: fishinf villae, two near 

Maitepe near At.o,rand one at Sze Djocba on the northern bank 

of the Afra6 (Mp 7). The purpose for conducting several different 

expeuirants was to test varyin concantrations of fanac or. taie 

different soils and vaoetatior typos t at am c,4 .zion aLonr, t.i 

lam's trgin. 

Bach ra es first cleared of all terrostrial'voettatLon 

and debris to allow the spray 4xtuo to be appliad dii'ctly 

to im *tpo0ed soil-ich aisa raut if the lerbicide is to 

fix on the clay iollid. SUx of the test Plo were clared 

by local vilices aid ~ a of the Aquatic IWed Control Unit 
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of VmA usin ctlaes. The other am me cleared us&8 

trator and wmat and tiben the cut uLteg1al m turced uader 

usLng a esc plw. la toitrcLque uas tooted to ¢capre 

mcchan1cal clein& &ain..t handcla. tLq , since it. we 

thom~t that if lar3e-cal6 claritZ and creat ant we to bp 

done i:i the future, hat-4 clauori.' &lot% t4?,!ht be too slow. To. 

detsrne wtother or rot this wvatural disturbance of the soil 

could in itself reduce norcal aquatic weed growth after thie 

area we flooded, half of the ploed area we treated with fam 

whila the other half wes not. One disadvaotage noted in uatio 

havy equipient for clearinC landr ear the Lake's edge was that 

the Croud wae socticas too soft to rtpport the wight of the 

machirnry. Therafore, it us epeculatet that canual labor 

would have to be included in any cleezinc operation near the 

wter d.e in tm future. 

kperia.c hPd oowu that fenac old becoa "fixed" 

in ot nLiO, if they w re noL too vat, within 24 b w after 

treatan f.le..o, : lonLo-ange wastwr forecast me req4qed 

before the c!e.wical wae aplaiod; but no treatrunt we c-ao if, 

it looked o• though it could rain L.Xt so. day, 

Rach test site was located betweon elevation 82 and 04 

mtie In order to evaluate effects t.tat floodio, had on the 

&reae ducrLn the followine lake fill period. 

V9,ve of tie toot ltes were treated with fenac at the rto 

of 24 kb4 (130 liters) acl .quivele:nt per hectare and the 

tAmenaC tw plot@ were treated at thao rat of 16 ku. (98 Liter,) 

per bectare. Sizca each test area rmasure only 100 square. 

ctere, the sont of herbicide niTrtura oa emil. Therefore, 

harid operateJ back-pack sprayers wave used for, mk n the 

apLicatione. The herbicide we uixod with water at a I to 5 

ratio &ad sprayed directly orto the cmpoee eol. litm1ly, 
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spray units wmm used at one tM in order to 
three or fo 

cover the are aso quickly anO uniforT..lly as possible. 7ho r.ost 

to hMve the three personseffective sprayinr technique tasted was 

forth acroso the ar" 
doLnz to sprayine walk abre"t back and 

swatts to ovurlap (Plate 3).
beiug treateds 	allwin- their spray 

of the sprayers was arrar-aod to alloy tie area 
Also,, theO pace 

to be covered conetoly at lbat twice. 

was noted on any of ti oeveul areas treatedNo r saowti 

t and wh' the Ickc flooded thetroatr,between the t:iro of 

onris later. Hoeverr the area that had 
plots, one to five 

been towed and 	ploed, but not treated with fenact becauo 

with now Brovth within tarec -nrths (Plate 4).
covered 

(Pierce, 1968C 	and 1969c). 

evan exporiuantsThe Lnforxtion Cainod durinL tie 

foxac would "fix" in a variety
ntioned above indicated tat 


that it woulc: oZfc:tivoly control

of tropical soilo a-.d 


t':o Afrau area of the I&k.
 
terrestrial med ,-,owthcomon to 


fenac would control sen-.
not known ifHwver, it still was 

aquatic plants 	that would surely becom establishod on the 

lake shore after tie lake level dropped durin the
exposed 


should be rozibered that the
 
followin. dradomi 	period. (It 

conductod in areas that had not been previously
initial tests wore 

Also, it was not known if tuo snail population within 
flooded.) 

which was the priary obwould also reduce,the treated area 

present.jectives if no wed prowth was 

To detertrno thic, it was decided that a Uarger study would 

basically the same technicue described above.
be conmted usinC 

The follo lc data"describe that study.
 

AxRM Auatlc Wed 	Control 

e selected as the sit forThe Atcwec fLshn& ville ., 

data vas already available
this study sLce oms backgram 
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concerning the aquatic weads and snail population there, 

and because it wns ai, iz:portant road-heaJ lake-tid crket 

center that woo easily accoasible by road throughout the 

year (Plate 5). 

Clsarir.r' the Am 

The actiml pireparation for this study beran in February 

1969. Activities& prior to the perLol covered by this reports 

inalued a rsetine between VRA and re3ide:its of the AreLi 

fishing villaGe to explain the proposed prosra, seloction of 

a suitable site for rceettling the villagers above the antici

pated =iczi water level, and the setting of n date for the.r 

self-poced evacuation.
 

By l d-April, r.ost of the vll-ers had ovvd to a now 

four-hectarc site located Lodiately above their oribinal 

location- (Figure2). 

Baeid on' the arount of fenac tiwt waslavailable for tho 

study, a CIIru of three hectates could be treated. Tverofoft, 

the dimensions of tho test plot wre detektined by r*surn 

the distance fi oi elevation 80 rA.Cor (t:'&e anticipatod 

ULui6za bw water level) tb a marker atcUrately placed at 

eleiLtion 84.1 rutras (.5 ustero above 'teanticipated rtxi aia' 

high water lviel f 84 metors). Whe water level at the t/"*of 

treatmant' ms 80.2 caters and falling slYly, Basd on this 

inforc&aton, it was detortLned t'iat the dimansionr of the plot 

should' be' 260 mters by130 caters which Cave a 'Olot size of 

appr zwstsly trtiee hectares. This Cave 130 raters on each side 

of the road that leads to th'o wter's edge whore mst humt.: 

activity tak o place--particularly o. rzrket dayo (Figure 2). 

litearly April i69, M., C. M AricultureA, Dcdey, Cef 

Offcor of VIA, instructed the Agricultural Assistant at & 

to provide 'he necessary ieavy farri equipcont and personnel to 
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ewas the 4@e"tad . cast site tvd to aueo in caking the aot"Ml 

herbicide tmoatrenz;, VIA also provided other .quipcant anx 

supplies that were not available at Arpm. This equipxKont 

included: 

1, 	 Ciain sows for cutting dowa large troec. groving 

orr.the aLte and for cutting up lare deae trees 

that had washed to shore during past high water 

periodo (Plato 6); 

2. 	 large steel cableo for dra8inG the aut-up logs 

to a central location -abovc tho 05 ater ekr-. 

•3. 	 Axes for cutting dwrn stll woody bushes and
 

trees and for recxving stuao; and
 

4. 	 Outlaaocs for cutting down ti.o remainine veaOta-

Cion. 

It was agreed that local peoplo would be hired to do the 

ranual labor. Therefore, arraneamonto were =do to hire six 

cen froctha Ampen Resettlenont Village located approricatoly 

.8 k. away froc the site. 

The clearing oporatioti took 14 working days during the 

period April 28-4ay 13, 1969. Initially, all of., the auall bush 

clsarin8 was schedulod to be done by the six laborers. Imover, 

this proved unsatisfactory because t.ey worked too slowly... 

Therefore, uschcnical .claxLn8 usinp heavy.'far in eqtipcant 

mas 	 er~loyed. 

An attest was ads to clear tw area using .disc plow, but 

this also proved unsatisfactory because it left too uch veget-, 

tion and would encoura~o erosion during periods of heavy rain. 

The second Lmchanical cathod included, a disc h4rrow followed by 

a spring cultivator. This technique was 4namacessful for the 

a reason montioted above,." Finally, a rualti-purpose blade

desi8ned for mlnor land l4vellina and road xmintenanct--ms 
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area clean of vegetation and. debrico ThLs uathod we also 

slow, but appeared to be ructi faster than using catmal labor, 

Therefore, tle.labovers-were Lnetructol to utilize their 

tire in clorLnZ teo otmpa and Luwheo' frou armao. that could 

not be cleared usir. the tractor and blade* Once this we done, 

the vaCetatton and debria wero plamc iu piles and burned, Tmt 

portiou of the wood that was large ouih to be used for fire 

wood'we Lven- to the local villacors. Oths. clctive included 

the: lseylUn ofo1d scokin8 ovens and houses usedt by the 

vill eers-'when they had occupied the oiee (Plate 7).. 

Table-2, submitted by the Aricultural Assistant6, VIA A erp, 

giveo a breakdown of the actual Ln-pomr and. equipoent used. 

dring-the clearin -operation. 

Iikrbicide ApDlication 

,On'the evening,of May 19, 1969,.tae irea to: be, treated we

mrked -off into .sll sectio.:a mceamin8 16 X- 130 mter ,to, 

assure cocpleto anT; uniforza coverat:o. In ordor not to,disiruptt, 

the area's c=arco and normil day-to-day activitieo any-core 

than nocessarl,, half of the aroa was Iroatod on ly -20 and- the 

other hilf -on lay 22. (Ity 21 was-irkt- day.) Therefore, -the 

east side.of the road w'eo treated first, and the people wm., 

instrcted to us. is untreated area on-the vat aide. On. 

)Wyl' 22v: they vere requested to uwe .the oa.. aide that had 

already ben treated. 

Equipuent and atorials'wued,.or -spraying incLuded: iA 

1. 	 A four-Ameled flat-bed trailer pulled...
 

.b'.a-HP,. "165" tractor and also a larce
 

-lorry;'
 

.'0- A John Deem Spay-pucp, odel 101OK,
 

equipped with s Spray Master spray-mm 

nosle ith a nutber 6"disc; 

"4554,
 

http:atorials'wued,.or


.4. 	~Tbre -huired liters of fc.ac containing 

2 k,. a&id equivalent per liter (1,5 lb., 

ber 	U.S. -allen); and. 

5,.. 	 137 ks. of W]vrrs (80 percent diuron).
 

wettable powdqr,
 

The two 210 liter opray drm.:were placed-on the trailer; 

alone with the- uto,,driven .spray-pmp. The trailer w :backed. 

into the Rakes and the drum were partially filled (1164 litrs) 

with water .The trailer wa then pulled to a central location 

,where the hcrdcals had been placed. The berbicide"*were 

vsasured out alid uied with the water in each spray..tank. Thei 

toquantity of oaci herbicide was bas d on the azoznt required 


treat .2 hectares. Therefore-. the rtdrt wa. 19 litero of
 

fenac plUr1.1 ks. ofbkarm nzxed.w/tiL X14 liters of wter,
 

The p'wiev- kar!, was uixed with zA' -ater before the fenac
 

was-addod,
 

D--urinr. the latter part of. the aecond day- of tratvont,.
 

the
additional watero addod to the .-dxtuf.-in Orrder to wet 

gr'mnd umrt. tboroualy, his wao not necessary on the Urst, day# 

because.-t had rained hepvily tve night before. Nor wav this. 

increased wettin3 necosary when oprayine near the edse of Rha 

take where the soil stayed. noist,. T Lsulxtut ve 24. kI, of 

fensc (acid) an! ,7 kL, of diuron (acid) per urfaca bectar.,i. 

(17 and 4 lbs. per abrei respectively). 

After the c€uJiecalo had-bsetn :-.xod in the dr, the. railar 

we p'rllod to ti.i east Wi.e of the roed to the U X 130 mitor 

plot nourcst t;io weter's oao. The PUIP was started and 

allowed to build up. 3WE lbe. of pressure.. en this press=* 

was 	 obtained, the tractor- driver dcgvs slowly down the plot 

stayine an equal distance boten the 16 mter mrkazs. As 

"TMapprmicate coet nf the herbicide for treating one 

-8 evaoft d alsnwAm nf vfHAmgefr msnu with -Rfrrular*,m 
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Analysi iutof 

Physical labomr 

item Tools Used Man-Da8 Han-Days loot 
- Wmk by Absme , 

Wod ing Cutlasses 59 3 

Stumping Felling axes 13 

Durning 3 

Caivtin lops/ 6 
debt i 

"en'day's"
Item hine/ i 
Inj~rapt Used 

Seing loo Chan-saw "Stibl 070" 4.5
 

folling tress 1.5
e. 


Carting lop/debris IT l65/towin, caLn 6.0
 

Cultivating 1/sprinz-tica cult. 7.0
 

Wood in/Iave llinc lIF/blado 9.0
 

__________2_______0_Total 

£Sew.. on
 

1M LMAching "'§j oii Oil troli 
Chain Saw "StiA 070" 1 - .4 liters 8.5 liter
 

MP 165 tractor 2 Ie0 liters -


Mixture for the c,%ian am "Stibl 070" a ISU 30 to 25 Ptrol. 
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wli dtzectly b .n1,d the tislm whil psmyft th &&aSMd 

arm (Plat ). The hose attached to t'e spg*We 9u eijbt 

mtors lonce aD ts spray stmot Carried at le6et 10 Usbea 

mben usfaL a tzlar 6 spray asal at 200 to 300 lbs. of 

presate. Ttofot .9 it ve easy for tiu 16 titer ruth to be 

covared fror the center whero tbc tractor-tre4 er me tra alige 

Basec! o, t.;e volum capacity of t-o p.i, each .2 hectare 

aran coul be spray',! at loeast tvLco before titse dnatod 114 

liters of spray solution was consunJ. 11s procs wrs _ 

repasted for eac 16 X 130 totor plot until all of tns 14 

plots ware treated. (Plate 9). 

The atooeas rcvLoi:o(; on May 2C am! 29, 1969, to detoirdns 

hw cffcctivo.tho trcatrint had boon. Virtually all of the 

soodlur. plantc wre dead. 'tavor sovorol cl=Vs, of tortes

trial vto---a-oo wre stll dlivo. Alco, c fev stall spots 

that had apparently w-.eoodotlll Thesebean wro ::cc.a, ares. 

vre retreated1 vit;. 1ck-pack opraycra a f[u daya later, and 

total woV control ms accopliool* . 

Pgt-Tretrpn. bGMUn 

D.rin tito i;aitial floodivi; i.. July, Caatomityiw Was 

rwin: off-o!ore i:; t'.c uitallow wmtcr (o.i to two ratero deep) 

Lfrdiately i: frotn of tO clearc" ara. By -ld-Sopteubor, 

vhea. the imtor lovul rachod 82 natorc olovationt 7oet of t.;a 

oottes .gu ! JIcappcare; ,niavor, lartc quantitio 

continued to infest tan oallow mtor outside thi nperinental 

plot (Plate" 10 anx ). 

At no tro durinf; tho flood period (July-Movember) did 

rootod qamtics 3.,o any siCa of bocalinC establIulod vit!4n 

the treated area. Thin vao in coi-trat to bu adjacent untreated 

sboreWLn areco v.aIchIbcame vr .t&vLly infested vit:i a varaty 

of oqtc vW saeanu debris (Platen 12, 13, an& 14). 
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tk flyfts3 n ofOif 'a, ---

as m efi@ hdxMo us fou to be rapidly settine 

tout eud m of*tae m fraents contained saile, 

When this NW first"boted, project weroo.mol vith occasionAl 

help fre U fisAro* reto the vindrbmd debris ka Lt 

abewslated (Plate 13), "This claani-up mrciNs took place 

veeklyg or so* needod aa umlly required only a few man-haurs 

ech t.u It ue qicldy 1arted that t1e major debris pioblo 

(etty BkLM O Uas not ckused by wind and we action as 

initially saspectede but by firmt.o who iscarded the UUMM 

stes there after they had ured t.-o:: Tor coverin' taeir fish to 

hep thaei free.. Thebe fishertsuo rcspotie-d favora'ly to our 

rcqucot not to discard thso Wads -=t to tw wate:.*'o edge 

within the elsem! area, ard teis actioi'LrzadLatel, reduced 

the atount of debria aloi; te 260 ro ers of clereJ sboolira, 

In additio,: to .l1Qiiui. anrs C. tho ot'1r Lai., 

forts of dabria consiste.' of lar~o troc lLtbre sticks, a;.d 

floatia: islands o i. The tree Lr')o t;.iat 

were too largo to be carried awDy ?y hat(: wOrO drYALo- out oZ 

the water by tractor diod cable or rowe," out of th, area by 

boat. In 1enerol, tunoe treo li:.bs di+ not present r. seriow 

probl:j durin' ts otnuJ7 period 

Ti f£oatin,; isloIds eraetto: iorc problos than the tree 

l"abS sims they bacars rooted noor, after tVcy washed ashore 

Aleo, these "slns wure found to carry vector snailo. lbrmlly, 

the slanle wage srall ant could :> easily 'torr apart nix re

:30d. lever, occasionally a larZe ioland would float aphore# 

vocessitatin; rvch .am work to reum it. 

It uas beliAvd tiat em erstoo.. wld Le eicountered or. 

the deoed thee ;ectare plot.t:vin t.e rainy season. 1Iowevei" 

'SW."
 



it Ua interestirn to naot .. iat no "ullLes" deelowpd* even 

thmh sa s!40"1 Ore*, use mperteccod. Yhis resulted In 

laz. qUtitesO Of orCazic debric-particul~aly mill pieces 

of Nimed wood--bein, vinMoroW aloa. the wters dge. als

wa proba ly tite rosalt of tvwt-,*tnion tCtat wesi bmnesd on 

the area 6wi'- the claari-. operctio:. Aocvo , t. s type of 

virrow, is cor:o:: t,.rou.;:out 7oat of :e lake :;.oro Jurinp t,o 

initial par- of sac rainy sescao.. , locs,, parzilly urncJ 

bush-mo.ains wiao into t.0 lake. Unv'. osio: was ot sorioums 

at &Von tdri- t';c lkw flliL. periol, even tou-'i tiis area 

does roceiv toLativaiy !oaVY wva ".ctio . 

With t.c w.ception.C a faw "0na;*:s" t€t wre loft durtn. 

cleari.--, tie lake botor 'it.,i.,t..e cleared area uma relatively 

clean, flat, and rat.,orfir,. Ta7i 4a results.' L, i." 

beco: na a favorite place for local people to fis': wir.1 cast

nets, swm anj land their bmato (PLtes 16 atK! 17). 

As was tJntiot.ad otler i. t io report, t1 Ltin purpoe
 

of this study eo to docert-Arc wlit 1: act t*io m o-cl ar area
 

would have on t'.e hrail populatio.i wit in t'.o too' nits. It
 

should be clearl-, u.eratood, .e.o 'or, 
 t:.at :iie particular 

study irac jIg dcoit .,c,_ to -.ctor: ii. ., Y.--at of fact L:1i3 s:&cll 
reduction woul(: :.n.. ot. r-!,!ucin biLzrsiaolo infection, since 

no otte alai-o o t.,c weod coa:trol .oa-' at iiat tiw wa 

qualfLec( to take trio aneasre.z. kyi ver, t:.is ova.untion 

wes sce,&dulac! to be conducct' later, u... will soon be initiated. 

1. Pro-Treat- tut Snail &urvc-.
 

itr d-Janm.rl 1969, four ront:id Lefore 
treattnt, 

H*.-oo rbeLh of ti-e VRA liLaole'- U'i4: cohacted a pre

treatisut itail surve7 of tie propdoed! test area at 1.pmis The 

survey also includw] takin- s&Vlas outeide tim empariru tal 

http:tJntiot.ad


30 

at tiet ttusas at 	elew
plt fo em pitiron, Te Metar Lavel 

tion 03 caters C. fSlN.. 

owin this swrvy, a total oar. sLC-.t ham INUMU MW 

m werg collectsd ; tle treatat sit

to o4 ji. 12U and L5 .. t found irzdately 

g the propoeed site. 

As the water level receded. betwen Jauary an the tLrA of 

treatrant in late IMy, additional spot citeck were iido to 

By the tire titerelative abundance 	of susLls.daterai4e t.-. 

the eer
level droppoc belm 	elevation 80 uterat nost ofwter 

a pgoctically woewere axposa--lavin,rent tArrlial weeda 

the &liors. Ever C.ratlhyULL W liLit d
free tnd-flat alonV 

at that tits .xl ws only found to he aburda.it in srnral sarll 

t'ie ,liai population wao lqe
sheltered Goveo. Cortespoodinrly. 


coves which .ad hi'g

alont, tile erarlitis--exxCept for t::o wedy 

snail populations, 	 relatively sxeakinC.
 

Snail 9urvc7
2. 	 Poot-Trest~snt 


ws conducted by Mr. Tsako

Anotier thoroujG. snail survey 

:Iotho nfter tteatLAUt al.d 
an the AWi i.;. lo M:Ivr 19690 ox 


wo at ito hiJ .eot elevation, Two azao.

when the wator level 


wtoro "a.* w rc a4tplod vLtin the treated
 
tasuring 3 X 13 

area. Also, two areas, of oW~ilar Dire wro swiped in the un

of the testdLt.l," ou eit.ier sidetreated orea located tx 


plot (Platos 13 s. 14).
 

At the tia o.'. saqLiM ;, virtually no aquatic woeds ot
 

were preent within the troato( area; atW ouly ome sta4l
debris 

mas(h&M £ L&M) 	 was found vit'.in.s e treated aem-it 

of u floatin into the 	am fto
attached to a piec 

ousidea 

courLsed of a hteroaeousIWnvr, the w-rlsaW areas, 

iwavily irltaated wLts.
8oth of sqwatte *Mds and 4ebris, were 

http:aburda.it


snAils. meO pruaary. aWtzc v.J Speae1M 

t WPe areas of ianidWxlAared coneieted 

Ift XrLM wtli 

* .A leotgwr; aid 

*& .1Ei 

Frou te t uto.claarod arma s awledo a total of 98" 

hLLM ti uam nnd 112 bilim I2XahaL were collected; The 

smiles did not appear to show a particular preference to any 

one species of plant mK! -eny snails were found o.. the akrl 

covered debris (Pierce, 1969-, 1970a and 1970d). 

rat-Ttreat-nt hrbicidg Tests 

The followin- Jaamwry (1970), t39 lake level started its 

slow but steady .!rs own. As the water reoded, the cposad 

shoreline becamo i:.feotod vita /oun- pla.tc. In c*-ocking t.asa 

planto clool, it o Cou . trOt t.0:, were Wotly . o 

and . ceedli:., Furt.*r invescLation ohomd ,.&;at 

the exposed oiioroli-o, particularl- waore fine debris wea 

depositod, wa litorally covoreL wit.. fr ynBi oeads. It was 

therefore oi)viou3 that the leac was .) lor er active or proeent 

it, the soil thrat ;:ad been; flooded., 3mvar, that porti. of ie 

treatrAnt area aZova elovatiozo 64 wtoro '.'tic!. wa i-ot flo.*d 

ro-jairnd free of t.*es. soodlin-s. ovor. t.aufI. ujae were present. 

Ho now plaut -rowt:. wac oboerved i, t..,portion of the plot t-t 

ws still flooad, evar. 

Sitce it :u. ber: d*cdeod that t e thlree-ecita plot 

would be kept free of all aquatic weeds for at lest two flood 

seasoneg it me believed that it mmuld be tmoter to eontrol the 

newly eatabliad plants as they appeand rathet than Lt 
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wmwd be mtore end deep rootedo aud therefore would require 

m cm wok to Le recavd. 

12 differentTherefons between Janary and Aa,,ut 1970, 

hurbicides and t~wilr coubinstions were taoted for the sor.trol of 

these yourK plants that wre becotLIt2,aqtablLshed vithin t '. 

test area alonr, the exposed Lake shore a the water level 

droppe4. These herbicides included: 

1. 20 4-D aine liquid; 

2. 2g 4-D ester liquid; 

3. 29 4-D Craiual] (20 percent 2, 4-D aster acid 

equivalent); 

4. 2, 49 5-T ester liquid; 

S. dLuron (00 percent wttablo powder);
 

6. diuron (20 purceoIt granulea);
 

7, peraquat liquid;
 

B. diquat liquid; 

9. fenac liquid; 

10. ?CPM liquid;
 

11. dalapan (05 percent wettable p orw)dand 

1U. SEA1 7-34 liquid. 

Each herbicide, or co'.binAtior, of herbicides, wao sprayed over 

test ploto ranCiu<. fri 10 to 40 squaro rotors in size. Sinco 

tio prirary objcctiva of tacoo teato sao to find a sWec, fast, 

eonleoal ruthod for controlliu tias new Growth on the exposod 

lake botton, esc herbicide was first applied at the oixLLui 

rate recou.zlAnded by ih t-siufactuver, If it did not ,ivo excel

vithin two weeks after treatmentlent control at this rate 

barrinc mAch cooplications as heavy reins soon after troatnentg 

those horbLc dethe herblcide ma not tested further. minwvr, 

that evo"a-t l&iat' 90 percer.t control within two weeks were 



me detercued. After this me done for each hericide tested 

c is wers ade relatinc to their cost and safety. It 

should be mentioned * !w.ver, that no herbicide use inaleded 

for testing in the first place if it wm considered potentially 

dangerous to han" Lvestocka and fish at recopmended conoen

tratons (Plate 18). 

The follovin8 informtion discusses t;be results of "61;i 

herbicide or coc~iiation of herbiides tested at AL.eo during 

the Jamasry-July 1970 drawdown period. (See Table 3 for a list 

of the herbicides tested and t',w local distributors.) 

1. 2, 4-D ester liquid (apprcmirtely .5 kr par 
liter acid equivalent) 

This herbicide is lo-olly available in Ghana and costs 

apprmcately t*2.50 per liter. It is designed to control 

herbacious (non-woody) broad-leaf plant species, but not grases. 

Tests conducted at Amper. showed that it was very effective 

for the control of young plants not exceedin8 30 on. 

in height when thoroughly sprayed (foliage vatted completely) 

with a one-part'2, 4-D in 50 parts of weter (1 to 50) nixtuze. 

This herbicide save satisfactory control of taller PoL..zo 

plants whei. "the spray .fxture conicentration was increased to 

1 to 25. vor, sAtvr. plants (thos in flower) were only 

temporarily affected and rogrowth w heavy vithin 30 days. 

Other ilant species that ware controlled with this ,orbiLeii 

at the above concentrations included IjligELC .. ]Za.UA* an 

Basned on the atronCest concentration tested,.this herbicida 

vuld cost appmLxaotely W7.50 per hectaor of area tr"od. 

.Caution8 ien though this herbicide is reported .to be 

quite safe to huns livestocka and fish at -v~.nnded 

oon Stioast At is volatile (subject to drift). ad Us Ory 
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#WAr cans, ai., rice are not suscepCible to 2, 4-D ester at the 

conentrtiotSe LntioLne above. 

2. 	 2, 4-D auini liquid (app,:oic-tely 5 k,. per 
liter acid equivalent) 

NOT3s 	Thes results apply cc MM as well. 

This herbicide is closely related to 2, 4-D ester. Tin 

primary difference is that 2, 4-D a:cit&v is not volatile, and 

therefore will rtot drift ae badly as tile ester forrulAior.. 

HOWVer , Our.- etUdy At- At Per-I D;IaC L.&0L 2,a 4-D) aiioi:noeC-d 

effective as 2, 4-D ester for co..trollinm. weed growth oil t.i 

exposed lake shoro-particularly t.ose plants that exceeded 30 cm. 

in height. fievert..oless, it was cifective for controllint, youn& 

plants; and t.aoroforo, it shoul2 La applicable for use at tie 

lake where ninir.w herbicide drift in essertial. Test results 

showed that a I to 25 spray vixturao0 2. 4-D a rin was the 

lowst offective concot.trazion. T..o '-etbicide is aloo readily 

available in Glana at a cost of approxi;ately ?It2.00 per liter. 

Therefore, the chemical cost for troati:ig one hectare of infecta

tion using 2. 4-D) a;.ine would be approxrtely t*6.00. 

Caution: This horbici:e should not be applied whero the 

spray can drift on broaO-leafed crops, particularly tomatoos and 

tobacco. Howevur, 2, 4-D ordtc is .ot toxic to ,cize, sucar 

cane, or rice at reccienJed concon:ratione. 

3. 	 2, 4-D ;ranulos (20 percent acid 
equivalent) 

Granular 2,. 4-D is a special forulation desifgnd ior 

application vhez'e a slow releaso of .ihe herbicide is. desired 

and 	viiere "spot treat-onto" ate require." It is-not cunently 

available in coccmrcial quantitt"e n Ghaaae, and its hither 

price (apptmlimtoey nine tcee wore expeneive per, hectar) 
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Herbicides Toted 

,M or hisD tion 'Trad --m or Other pasi~mtion Chemical Mom LI Distri, 

USapon Cram"in 2, 2-dichlerepiapiaue acid Shell Co. of Ghan, 
P. 0. Boa 1097, Ac, 

2, 4-D wUmiw Shall D-50 22, 4-dichlorop.ieotyacatic acid Shell Co. of Ghana, 

2& 4-D iode Fercbinm 2, 4-dichlorop.ier yactic acid ICI (Ikport) Ltd. 
P. 0.! Box* 104, Tees 

2. 4-D estr Formesta 2,. 4-dichlorop;ie).Onyctic acid ICI (ftport) Ltd. 

2, 4-D grMules 2, 4-D Granulor Wood Killer 2, 41dichioropha ycatic acid'
 

P. 0. Box 5381. Ac4 

26 4-D roanules Aqua rImen Granules (2, 4-D) 2, 4-dichloroohenowyacatic acid None 
(Acbem.Prod. Co., hubl rezo.,. USA) -

OV (Propouil) ST&J F-34 
 3, 46-dichlropropioanillide Shell Co. of Ghana,
 

Diq4at "Clone 	 1, 1.-ethyln*-2, 2'-dipyrdylium ICI 4lgport) Ltd. 

dibromide 

Ib currently available in cmrcinl quantities. 	 (oatiluued on reverse: 



Table 3 (c€acimmd) Herbicides Tested 

oalDauChemcal M-
Em or pasinvtimu Txse Mma or Ot.-er Desimat ion 

!Dirore K~rr 3 (3,4-dichloropbanyl)-,- S.ll Co. of ",I 
d izthylurea 

-3 (3,4-dichlorop.ienyl)-ll-Dirng esmsles Cardi 

(Fascov Jacksonvi1la, Florida, USA) dimetaylurma 

2, 3. 6-trichlorop.ienylacetic acid Saill Co. of Gha 
Fensc 

ICI (Raport) lad 
FaUSC 

4-chloro-2-mthyl-phanoty catic acid
Agromo 4 

IC (ftpot) Id 
m. 

l l*-d imthyl-4.4'.-depyridyltimVmraqust Craop . 
d ich loride 

2, 4,. 5 Tichlocpbermi- acetic acid Shell Co. of Ghi 
2, 4, 5-T ester Shell T-50 

2, 4, 5 Tric.orophno y acetic acid ICI (ftport) LW 
2, 4. 5-T astr "*rtICo~e 50 

this table for donatinc coet of
7he writer wishes to thank the chmical cocoaniea listed in 


the herbicides tasted durine this study.
 



chemical is released vradually frgc' , tie clay Granules$ too 

reaction tits is very slow couared to liquid 2# 4-D sprayed 

It was also toted that if it rained
directly on the plants. 

heavily after an application Vas uads. the rranuls wuld wesh 

released. Therefore# based on out 
awy before t.-o 	28 4-D was 

this type of herbicide ie pot applicable for 
study at. apen, 

on the lae's exposedeuatic woeds Lroeir.LtreatinLr evargini 

shore. 

found tant 20 4-D Cranules were very effec-
However, it wes 

of PistL-IAlgM.tive for the control of floatint islands 

This sugesto t;%a this forraulation uay W wall suited for 

the lAke where aerLal applica
controllinC theso wed nase at 


Most aerial applicadrift elir.'itated.tions wst be rsdo azd 

tions are appliud cc low altitudes (usually not exceodinE 10
 

used.
 
roters) above the water's ourface when liquid sprays are 


drift and.to thorouhly wet
 
This is twcassary to reduce *praj 


altitude sprayitqC would be iLpossible at
 
the plants. Sucai low 

of the stnnJi:. ti't:.er. However, a -ranuW 
Volta Lake Lecausc 

of its Ati; 'on*ity--coulJ be applied
foru of herbicide--~cuosa 


of tXh

much hit:;,r altituo, vLth vary little anj;er

at a 


outside of tho 'esi,:nate] area.

herbicide driftia, 


would be bettor
the erarular forlaton 

liquid" sprayc for penotratiiL ta denseq lrasoy 

?urtheArLoro, 

suite(I than 


thL j43i "tC1.' @fto41 IS the

&ALM canopy tit covrB 


1 and 2). 'Our
tite floatini. islatnd (Platesfoundatiot- of 


the thick

that tio ;,ranules bocaza lodzoe in

studies showe 

leaves. Therolore"0'aJLrosettedAss of roots and otwn 

Lsoolve rapidly thetrebythe ranules
since the island is vet. 

rele.inr,the 2p 4-D&
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sats woUl have to be code fot applyinC the reanulas from an 

ai1law ot belLeopter. 

M3i I Autust 1970, three *20 hectare plots of subr*rfr 

Aft won treated with 20 4-D rganulas ac rates of 100 Ik., 

130 kg., and 200 ke. per hectare, at'an apprasirtte cost of 

WS/$.00 per 100 k-. lh plot me an averare of one roter deep 

at the tire of applications but within 60 days, Lhe depth 

as the lake level rose durin- lakeincreased to over two caters 

fill; Within two weks of treAttnt, the Q started 

of the IAke.tO looe its riGidity and laid flat or, the bottot 

This effect was more apparent in the two plots that had been 

one uonth, these *Lo'treated at the hicher rates. Within 

color, afn they had turred lichtplants had lost their dark' gen 

green and yellow, Howver, vith , Ao Jaya of treatment, the 

tted areas had' becoto reinfestee witA C af l lm that. h&d 

apparently wdolhed in fro:. outside. 

Because of the hie', cost of*this ivrbicide, therefore, "it 

should only bo applieC at*Volta Ieka in areas tere liquid I 4D 

or other herbicides would not be equally a. effective. 

4. 	 2, 4v, 5-T ester liquid (apprnirLstaly .7 kg. 

per liter acE equivalent) 

This herbicide in desined for tio control of both woody 

and horb cLouzo plant species. The cost of 2, 4, 5-T is usually 

50 percent more thap 2. 4-D. and therefore, .- should not be 

used where 2# 4-D would work equally as vell. 

Itudies conducted at Arpei showed no real advantage in 

uaLnC 29 40 5-T rat:er thln 2, 4-0 for the oontrol of plant 

species that normally Cro on the exposed lake shore at Volta 

labM.
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mtaimt tha Uwe towd that bed he 6, 0009ated UM 

*to40 54 dmlo@K ctet. Thi "on the wi m 

- thL aw14ie fog oe at v.ilM Lem. 

So dealp' (83 e vttabla 

Ibis abitctl.e to doesiLmd epecifl.Uy for tie eotoI of 

spot Loas ma!. therefore shw&U. not be wed fc te contrl 

of bwerdolof species. 

atastof 17 kE. dalpor nixed tn SW liters of watet plan 

200 Gon of detsrev nt pot hcteri Law Cood seoemol of ANA& 

LUbMUM. AmiK9g2fan a. &A: f 1a n g. ,:in an the 

mpoe. iam cove at Volta lam. Noweg it is easent'l that 

the plat's follaioe is torwly vetted with the ery solation. 

1pUieyL bowhu bo o befon.the pla* flow$ *ad ra 

spatac cy be equired aftor 12 ks for of fective lovC 

to=z oentrol. 

Dalapoi is oo-table with :.ot 1iq.45 berbicdes aM 

thmfoe can be :.aad with hrbicLie. uc as 2, 4-0 for.

epuayinj amea Ct cortain Loth -ross s broad-oa4f plants. 

Ihis herbicS~e is locally availableIr comr.la l quantitss 

at a cost of appro1ztely 10.00 pez kc. 

Ctle Delapon is not volattle, but am ebould be Cie 

uan It is apreye near eras crops so. as rice and cocao 

64 pe-v-st 1LquW (appmrostely .3 kC. 
per litc.: cci'! oquivalert) 

&.z .%az a r:iona ;arlier In ties rcport, par~quat is 

inctiv--tc*~r i: coal in coittact wvi:.% :he soil. T.zrofore, 

it c tot '-a c','lL r: cL:ct." t'-4 Coll 00 C pTQ-ArL.nt--. 0;' 

it nt be sprays.4 directly on the plant, Pseq-t kills -Adt 

en plant rouC: with whic it coas in contact and is 

partiewlarly active aalmat emses. It is vey quicklr 
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ad NU to -wt - Ssovm1e sftne Or ftw&wo 

SWf die dvwt parin Do' 19700 pngn pra to be 

th m'o e eIva berbalds In the .1wvo of Iswti SRthe 

-"nIw dms at Acge.i &all seedlings (og& toe13 a 

tau) waskill.wthi ~a a Vdassasl ha ys main .iwlis 

to s Wa paga ded is I"0 liters of Usnbw. us 

ae speped dinstly OR the vagptesa0 mkhar On tht foliaw 

WOO Ip thouschy, 

nuits betwaes. 15 W~ 30 so. In Ihuiebt Were .sonced 

bonser by ma a ssy, seletboe.qsi~1at to tw lIftag of 

pasut LSi it 130 liters of mut, Tell pm species Wv 

sonm tionos 

piefts a only tacavily deoaliated using thebAm Muzma$ 

an SCRO.th Me apuwa Within 14 to 21 deyse 

Opeil vattlaC a~et no i'aLlable, an esaia 

for slaft wit paest *posy clame to be applIed by ainplass. 

swes se tem O also be Usdto "a fnteam ban deiae 

msa".21 Z spasyLe bet taey an nt asemtale 

Ikwwt is vasLy amilable La Qww and wets appurmimtely 

00par item. as ov of do bsoleal for the 1met: ssw 

tetiss maed (tI g liter. per befts r) was 413900 per 

besne The btl.aw Goasautie (ain I~s pow beet") 

mowdi the 0a sees. s, o.f t it, 4, pnm 

Is Just aa lamassie to mer .llift the safwh oa 

esatele vitL theaw w x0e,3gu 

a w 

the exesd d eke. ad dos not pasesit as isy be to 



atino:mmt b ohm. b- re 16bM 

orp. tim lelumd.*praying Faa t Cloe to any emu 

dazme Vill oce any place tho $pray CA m In ee 

vith the grmn portion of a plant. 

7. 	 diqat liquld (apptmuitely .3 k~a 
per lter i eqdwalant) 

X to notThis herbicide is clwoely related to peaquato 

currently available in Ghmna in cozacial qmantities. lba 

only disadvantaCe found in using dlquat is that itcoop not 

control grass species as readily paraquato 

8. 	 STA F-34 liquid (apprmirEat*4y ,4 ks.. 
per liter) 

This coutact hmealfi is Ceoicued for tho ontt*L 

of 	a variety of wed species in rice fields. It is recotmeded
 

at th. rate of 15
to be applied directly on youe wood species 


liters of STL 734 per hocare. Corpleto wettini of the
 

foliage is recomjndod.
 

lake usin- the above otconded
Tests coixtucted at Volta 

shod that STAi F-34 is effective for the control of youonrate 


at AUPM. 1Ioovetr
plants Growil. on :he exposed lake s;iore 

SUM 7-34 didlila 	the contact herbicides paraquat and diquat, 

not 	kill rt~at plants-particulaIly 1lyg2-i-but only 

defolited thea teporsAly. 

Ghank in ccwatclal qmnti-This 	herbicide is available in 

ties, and cost apprtiately *3X75 per liter. At the tate 

tested, SM V-',34 cost approKIniatelY 55.o00 	 per hectare rmated

over three times as auch as, Par&UAt. 

oTtaeefore jfor the control of yowe plants &rOIAG 

adventage in
the leha shoe at.Volta fame there ise relly 11 

mine SMK IP034 cUsw thea paraquat at J iquat0 HmiV the 

an &PPotvity to testwiter come"&that be did not hove 

s dte h tae) am ie the146 atlIm vats (sft liter 


C9MUlS with that of pexWt end diqato
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go So XMqpa W shbrn touapplied fat MM vP?3.6 fst 

go &iMs (SO yent wettabls powlt 

IbLs nbeicido is not car Atly availat i in woxMrICa 

qwatiti*5 in UMM* but it Cha be orore throuh local 

di~trLbut0C@ at a coot of app ialvtoly, INI.*00 Par ke. 

Diwon is eftective fqr the c, ,trol of wiLde vartotuds of 

plant species, particularly rass.s. To be effective., this 

herbicide ciaast be takern in by the plant's roots; tCureforo, 

sOil moistur is esontLal for good control. 

Becaun of diuron's low solubility and its reoidu l effects, 

it is well sutoe for applyin in c4ocbinti6&-vfth other herbi

cides where lonC-ter- control is roquLrc . At recorrulod rates, 

diuron to safe to tie user and to livestock anW fish. 

A spray t4xtura tquivalont to four kilozr.-az of karax 

(80 percent diuror wettable pow'cr) anO 500 litorc of water 

per hectare (U1*2.00) -av rooed ontrol of "you: plarItG Lrin, 

on the eposed lake sinra nt Volta lake whan applied aD an early 

post-inernt. Tionver, a poor kill wns noted whore the Lround 

va dry.' Thif herbicide wo also succeceful in killig floatin3 

islands of ci .-P'fLiA 'iien the 5pray mixture was appliod 

ixrctly on te floatint; tass.
 

Diuron is slow actin.; or. atuwe, .cop-rooted, broad-leaf
 

terrestrial plants, axl" twreforc it' should not be used whero 

quick-cobtrol of tiese spacies is essential. 

A Sralar form of diuron (20 percent) wa also tested for 

the control of yonic plants' CtWvirL: on te mepoeed'laka shore 

at Ampen To oep this fotulatlon viiii the puder karm, 

the &am ownts of acttve inGred tents par 9;c-t~u r**ve used. 

he dium Mal" 'wer' seatterd by hand at the rate of 25 kc. 
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per bectaro. 10 remlts wre obtainO 8aW the gm - e-. 

relatively dry and tho density (spread) of tba psewak mo 

ezcremly ligft. However, when these Lrasmls van ecatted 

on floatinl Islanda of 1Aaj e .ontwl we mted

but not as mch as when kazim was used. 

Alsog whei, tw areas of qmbcrred1zAso by.I& wre 

treated vit:i t.;cse ,ram s--et the rate of 100 k,. (vreamles) 

per hoctare-no nottcAble control vs noted after 60 %ayo. 

JM and kille however, In a rall.Mjs"..r shallow arem 

treated near shore. 

The cost of t':is forrulation of diuron is not kbiovn 

exactly, but it wouL. be 6 least three tiao-as ezpensivQ as 

kerrW for the &aL O8.IUnt of active ino-ediats. For tOis 

reason, and bocace of.tho poor oa.owia- that itcadeq ti 

writer doeo not su,:-oat thntit a.wul 1v considered ior..usc 

at Volta Lake, 

Caution: SEicc (.uran it) a ; on-solective :ierbicido* ero 

should be taken v*:en it is npplie.. ,-arfoo .crops. Furtlirturo. 

no..poertLal crop lem' should be trcsto .itih ,iuron ules. t~I. 

area will be flooOed a. L-ast xica .'cfore a crop io pla;itod... 

10. fenac liqu.V (apprmix tcly .2 k. 
per liter 

The use of this 'rUicLdo lin alrea(y Wen dLocucoed 

thorouL~hly In this report; thcrefcra, the writer will only 

elaborate hare to say that for controlc of 

plant erow t on tiexepo ecd lake sCore at Anpom, fenac wae not 

successful. 

.. Irogl Control 

Blaed on the reiults o. t1e a'vo herbicide tests con

uctod on the ermadovn area at Ar4pu# Lt'm concluded that 

even thouch clh4,cal control was effective. it coukl be h"saeda 

to shoreline vo~etatLon nearby. Tere foog mnml control 
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in $ VM W am theee read" e0iadutth thi &hgae1 

coewol 1118 eM die "edabove, 

In teNtin rWMs f "dcontroltechniques at Atve;. darinvw 

1970 AW early 1971, it m fusid tbit twexpoescd shoeline 

could be Cantained relatively free of re~tewth by periodiclly 

catCL3 the ved dowsv,with cutlasse. 

Yt wae further learned that t.iore V i no distinct advantage 

in cuttint the wee-d down as soo as t:wcy nppeared (young plants) 

since new IN& h would develop quickly--thereby mkiM it necossary 

for the tam area to be clearod several tires before floodinC 

be[An. Therefore, the tiot effective ard economical anthod was 

to schedule the claarint operation to coincide with lake fill. 

This allowed the water to i1oo t:. newly cut Area before t' 

planta' rocts had tim to put out new Lrowth. Wave action wo 

norually sufficient to uproot any seedlinw-roth that dcvoloped 

from late secW Corminatiors au tho water level roso. 

However, it is important t he reoul:. cut is.h r:arial 

carried awy cn uepoifed above the ':i;i water rark. cinco 

this'material would be attractive to oriilo ard oince talc CtctW

particularly P and YgJ -- could sot root aid beco.-e 

well establishec! in a relatialy short period of tir.i alonr. tI 

vet shoreline. The cost of clearinf, the regrowt:. at A tpe 

canually wes not Oetoarined, since tho local people did the work 

on a self-help basis. However, it %mc stilated tiat u;-.cr 

average conditions, a hectare of wectC (frI,"Oij Akltrnan ra 

Jj ,, and shore 8rasseo) can ie rc cved in apprairtely 

30 CAW-rows. 

This labor requiraL nt would not, iloever, apply u:oro 

IAhA is well establit;*d. In cucl, arao, the lnbor force 

wold probably have to be triple(!, since YRp_.M has to be 

Liteally duC out of the roun. before sati f ctory control can 

be oKpeW. 



Ie witer refers the rder to the mat wamti of this 

report. Ifteartne VishinC St~ipe La Amtta IbW ks" fmr 

possible Yg&aM control ruthdi. 

To contim the a"measnt of wat effect the cleaed AMe 

had on the snail population at ALz4 periodic snail swrveys 

wre conducted durine the second year after treauomt. qial 

timw ma spent stwveyinr lude and outside the cleaed aa in 

order to coprm the mmber of snils i, each area, 

A two-hour survey conducted in September 1970 produced 82 

hJRLw IWIN and 1. forskal snails in the aquatic weed 

beds bordering the cleared area, but no snails were found within 

the cleared area itself. At the time of this stulye the water 

level m at elevation 82,5 moters an risine fast. TM Wed 

beds tbht bordered the cleare area consisted prizaily of 

ar. toliIm and f loatir debris. 1h snails wer 

collected on Cdltopylu. 

In mid-OctoLer 1970, viwen t:ic ake W&at its arrual high 

retention level of 84 ioter.. elevatLon, a similar snail sry 

vs conducted. At this tim, 90 B. n J. L=j . 

wr collected from the uncleared area, and 21 snails were 

found within the cleared area. This va by far the met saile 

that wen ever found ip e cleared area at Axpeo d win a 

single survey. Bowewvrs it ma IaMd fr' personnel O the 

AWCJ who conducted the. sumvy that all of the snails waft found 

either on debris that. had recently Waahed into the Ame or in., 

an old cane that wv partially filled with Water. Th inslde. 

of the caoe ma cc/ered with a us" of fil mntws &a1. 

Lad icAtins Oat the. canoe bad oontedimd vn. Va l008 -Period. 

of tim. t is this witer's opinion that t0 smils tAt were 

•. .7, . -. e ,. 



Go od exm a =-s otdhove boom reced in the total 

4 

suL pmtO in tbe alovd ares. Hownverg this obervtion 

W-'. wy in tbs fl. s hatesting sjte |o 

found taem wexe fax laresr than a&y that the survey tam hae 

er collected in the Z,., This LUTOr @i= ouzists that 

oltho* tbs smiro habitat of the boat wes nch uore productive 

Van the Zah. or the boat providod protection for 04 snails 

frm dub itural on ds-thereby allovLn- the snails to 

srvive Simeer--hn they umale have been able to in the IJMk. 

The writer conslere both possibilities likely, but the lattar 

am, probable. 

In February 1971 a three-hou snail survey at Ampon pro

duced 28 5. f and one ]. fAng&i. All of thee snails 

were eollectel in a sul protected bey locatod appromirately 

the cbmred area. This mll cove (approi100 mters vest of 


mately 100 mtro square) ws infestesd with CaratophyllI.
 

whereas the rest of tim shore~lnu tna virtually froe of aqmtie 

woods and debris. 

DurinM this m period, A U person.ael concwced snail 

ourys at Dedeso," located apprtmirataly 16 Ik. oast of Azes 

aMd at Dogerpes located appr=Lumtel)y eioht kilocators wist of 

Aqmp.. At DeDeso, 41 snails wore collected in a amll bay infested 

ixture of other woods. Atwith ZLAS;U, and a 

Dotorpasu, nine live snails and 16 ewpty shells wer collected 

omau debris that had washe ishore. 

In IMuch 1971, when the lake level wes at elevation 81.3 

moters and fallitn another series of sniil surveys Mrs con

ducted at A (inside and outside the cleared area), D ed o, 

and Dotogp. No weeds were present along the lake shore at 

AW donly fan wty snail shlls wer colloated--ai of 

wb§Ah were fond soattered mng debris outside of the clind 

u*74a 



At Dedeso, u.re m weeds and debris u stl wemSt.. 

in the wter, 30 gnat-s (five . Jammu WW 25 1. floIm ) 

were collected. 

No flooded debris or aquatiC eds wae present Ot Dotci 

and no saiL. were found tho.re . 

Vherefore, the wriLer ffols t;€c it c&n be safely 

con luded. fro the data collected at ZIkem between 1969 and 1971 

that the snail population was Creatl7 reduced wherever aqwtia 

weeds and debris were rewoved or were naturally abeent. 

Based on results of this study, the VIBP has aereed that 

the three-hoctaro (240 mtrs lnks frontae) cleared area at 

Arier should be increased to iticludo approxLtely .8 km. of 

shoreline; and further anmlyris ohould be unde to deteinina 

what LUpact this localized control (woods and snails) biu on 

Bilharxiasis infection in that area. 

This technique, coibinec. wI.t*A chertherapy (Lvdicatlon), 

heata educatioc.) and possibly molluscicodo treatwnts are 

also planned for two other lakeside villages (Figure 3) at 

Volta lake in 1971 (Pierce, 1971b). 

Clhrin . Fishing Stripe iii Aatic 

As has been described earlier in this report, several 

species of smi-eequatic weof] -particuLarly F 2 j ";AUJtDIr 

on exposed lake sh6retham and yajgM-becorx establishod tw 

a the water. lvel recedes during the period Dccnmbr through 

Jur4 each year. This weod rrowt' develops into aquatic weed' 

beds during the subsequent lh w fill period (July throurh 

Novabr) &ndfor a few 13iths followvn; that tiM until the 

inter level drops sufficiently to xpose tw ds that inre 

flooded. IBfore 1969# Vhen only a relatively few flooded oeds 

wer present along the fis. n; in and around thes•hoe, 
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Me ggpmd to.be-vwy good. iMnvr, aitr 1969, *hen the 

mremt eom t %wt&atio become mmh -to iatensive, the 

fiehern found that they could no lot. or fisl efectively mar 

short 4rwng zch of the year because of the rank wed growth 

that 	had becom establLshee there. 

This portion of. the report discusses work done by the AMCU 

to saist the fishermen in :evelopnc offective and ecconIcal 

mthods for claarine fishing atrips in flooded wood bods where 

gill note could be sot. 

Durine the drawdown poriod of 1969v 18 fishing strip 

clearLng ei nts were conducted in stands of Poyr at 

Arpon. The sisz of each test plot Esuaured apppKrcately 3 X 30 

Caterse
 

At that tizm, it ws not kno wiat cloauing cathods would 

work under Volta lake ccnrditions; therefore, several approathes, 

including herbicides, wae tried. These rathods included: 

1. 	 Treating standing vecotat in with selected ' 

herbicides (2, 4-D sino,, 2, 4-D granules, 

2g 4, 5-T ester, diuron powdot and granules, 

HCM1%, and paraquwt); 

2. 	 Clearing the area of veotation, treating it.

vith a herbicide, and then placing the cut
 

caterial back on the plot;
 

3. 	 Applying herbicides to areas after the vegetation 

had been cut down and r&-wvod; 

4. 	 Outtine the vegetat ion down n roooving it froc 

the ate (control to mathod #3 above); and 

5. 	 Cutting the vegetation down, but M recoving it 

from the area (control to cmthod #2 above). 

Rasults of this study ohoe d that treating asture andinp. 

vegetation vith herbicdes wa not successful at economical 
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concentrations. The best control we .oted vnere arms had been 

cleared of veLOetation, treated with a herbicide, and .o-overed 

vith tit cut materla1 (2 above). .:kver, LOOd cortroL we. also 

noted for #59 the control area of 02, Threforo, this cathod 

appeared to be the .3ost prtctical anx potentially the moet 

effective coans of clearic ftshiing strips at Volta Laks. It 

wes speculated that this rsthol yorkWq Iy.suppressip& reLvoth 

by shndin( the mround fron sunll't.. It wes further fcnd tlit 

control wa better whore the venstation was pile(! to the 

center of the strip to foru a thick berm-. Dulrrw the followin 

flood period, the few strips.that had beon successfully cleared 

durinC the draWov.- period roi='sd free of aquatic voed 

growth as lon: as the strLps vero used ragularly by fisherusn 

(Pierce 1969n). 

To fully test this technique, artanZ;wnts were rade to 

have 50 fl.bin strips cleared at f-mr village3. Eacl. of the 

strips were cleared by local fisheven on a self-help lasis. 

Abukyer,. gorj AkKoai,, an 

Thes erall fLshlnC villa-es ar located in a portion of 

Volta Lakelov.re heavy stands of .gaaM aro extensivo QHp*i8). 

In hy 1970, tese villnos ware contacted , and the people 

villinly az-rad to participc'te L a fishiLn strip claarinC 

proeran. The areas to be eleared weri nelectod 1y tho fish4r-' 

n, sample "clearine ma atarto' dzin8 thio period in an 

effort to detertAno how many :ln-houis it wmld take to cut a 

fi hinL strip in"eavy stands of YS. It ws quickly 

learned that clearinZ a strip L7 cutLinZ alone (M above) 9s 

Lpractical, since the at"tJ and reots of V02a Were a. " h 

as one :stcr thick in places and virtually inposuible to cut 

throuch ith a c'utlass. Tharefardo it was speculated that If 

an area we to be cleaesd in'Messl it wUd have' to be bmtiW' 
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firto in or to destroy the May dead stom and roots that 

eever the previous three years. This cuttine and 

tnine tecinmiqm was tried near each of tue villagos centioned 

above, 

The results of these wope iznts *4ied that not only (did 

fire con-a the dead material vithin t;;e cut strips, but also 

it spread alotS the upper lsorelLe, Ti4s extensive buruin 

was attributed to the extruzAly dry unther that had existed in 

these areas during the previous drawdovn perio- (Decerber through 

July), which allowed cost of the deae plant material that 

normlly accumulates noear the ground in wed beds to burn freely* 

This ground fire woo of sufficient Lntousity to cause the YoaLs~" 

tall leafy stam to wither and fall into the smoldering fire 

below. In most cases, the tops of ti:u plants waore not completely' 

consumed by the fire; thereforc., t.e areas had to fo l urnd a 

second tiLe, and in soc areas a third buruing was .- ccessary. 

After the second or third bur-..iL, the surface of te shore

line wes virtually clean since even the dead trees anJ trber 

that had been deposited there vere also consumed by tie fire, 

H mwr, as the water level started to rise in uid-August (one 

month later than usual), and the rains started, the u= d 

area soon became covered with youn V:.sa plants that had 

sprouted fro. stars and rhisoas bLaied boat', the [round. By 

the tir te water level had rizen oie vertical Lter, it was 

apparent that the Vassa rerovwth .ol be so extorsive and 

dense that sdtting il1 nats in te wood !*ds would be vLrtwolly 

iypossible in most areas if further clearing ms not done 

(Plate 19). 

It wus know that Voesia cannt re-establish itself aftar 

it has been flooded if its sto me rowve at least on@ :tat 

bal the mnrh of the water, Therefore, with the help of 

"" - .-.. 



loca fibartmzma the AWU tested the of fSstiveswof pet

flood Wedin. 

The tch 4ue tsed was co u#4ao in:o CIO wtor to a depth 

of one moter in areas tl4v..ng the least eamit of roesth and 

dead debris, anJ to pull the plant mteriAl out by.IAd alont, 

a eiven line. The tia .(ui-hoours) involveod o clear thee 

stripe depended upon the aomunt ox vtterial to be e.voved, 

and of course te size of the f ehint strip. In one area ct 

Abukyare that had-been burned twice prior to floodinC. six 

mn clered a strip asumring 7 X 150 raters in less thai 30 

minutes. Alsb, bocauseo everyona was orkLne in water and the 

plant caterial is fairly easy to pull out, the work to neither. 

hard nor hot (Plato 23 and 24).,
 

S.Hovewr, in clearin fishing stripe near Korea, Akpabudzig 

and Akpafiq in areas that had only been burned one time, the 

york progressed sorsvhat slower, but was not considered hard 

york by the-ftsicornen (Plate- 19, 20, 21, and 22). 

The greatest drmoback in doing this type of clearing ia 

that the plant material has to be roarvvod froa the area either 

by manual labor or througlh natural mans, such -as wind and wave 

action. However, tha fisherman :laiLvJ that the wav action 

vouiA flot .the uprooted debris away therefore, little effort 

was.. ado to physically raarital sLW.retma tho fron theu* 

An uLmpected hazard was experienced. at Akpetu mr the 

workers ewo shocked by. electric catfish (Wapteuu -iJeWa. 

a) that retuod to va-Ate thr. Wody abods fin sei00' 

injury ws experiaced by any of the workers; hovever, it dli" 

appear that bw=c the workers were Cautious when 

rechin8 into the gater. wmk pror.sedlooer in this ama 

then in em.*Are wogr mre not shocked, 

.7,-. 



Ikm d sset A a ft ib s %L,eh unti naltly 

6ainpS~witheh i sd for teuwviilc "e'"~. "Wed 6Y wdinc 

at Ta8 ."-ievNi, e" mmis a powIbility that a 

imib myNe lwsaer dusk f=Au Jacos oetfjsh tht hae 

ohosen te ,pn is ehllaw iter'vherecn'rn ~ en dome. 

In ngW to the zreuwl of uprooted debris fraxi the elierd 

areas, later observatLons. indfi ted that even though moet of the 

debris had imahm, to the Inshore Op of the cleared strip. it 

would bp.better to room the uprooted rtiatrial to assure 'that" 

it did not float around and become entangled in the fisherr a :a 

Soms f aharean think, and the writer aees, that the 

strips ,should -be narrover (two moters rather than seven "tutors). 

They feel that two -mtors is sufficin t for settihe nts. 'nd. 

it allowe'-f freer nt of the fish between the wed uaseo;" 

thereby creating a hisher potenti~l for catching more fish. 

lowrs, vid. strips are encouraged where cast-not fishLng is 

practioed o where motot launch lanes are needed. Cast-not 

fishfm during the flood period is usually done .primarily to

obtain s=ll fish for settine lonS lines (hooks). 

It'va dscided that fiehing strLpo should be cleared parallel 

to the shome iiminly because the outer wall of evcrpent veastation 

acts as a brlrr to the excessiw wave action and floating. 

debris that is comp,at the Lake. This creates relatiwvly 

quit vota behind the auter barrier, thereby reatly reduc ng 

debris enesanlemrnt. :* .*Lthe "rol~l.u" of the nets and 

An assesoit akey trip s.'tde. in Noveter:1970, five 

=xhs aer d amin clearing pzoga vas initiated. The. 

waM leIl at that tLm .ns 4 mters and eing,slowly$ 

thiNb , vixtly all of the area that was covered with 



W - da i -WW 8rf10 peudowi ma14 

watm depth at te out 0P of the JMa a S 

tne to faW atare deep. 

In Investigatine the f ishine sipsl~ at eib tf t $e . 

nass it sm tound that the strips that had been*cli" ed Pri 

tb floodne but not weded after flooding bean had besoe" 

heavily re-infeeted vith VVOaIa. Hoowvr, those "Str"Gthat 

wers cleared by wading and maoinr in early Septeober Gottabd 

to reinin clear of regrowth, excpt tr soussurac runAM 

that extended inwmrd rrom either side of the rip4.~KI ter 

depth within these strips'at that t "4w asPtUitely .thrs 

moters deep and droppinC slowly. 

The pottioil"of the s',wrelire t.at had been bTd prior to 

flooding ins re-infested with Vasia~ but the plant density 

a not as heavy as it was in tnose areas that had not erienced 

burning,. Fisherrer were able to sat their nets vithin tAe pre

viously burned area followir. a lirited amount of wWeinC; 

whereas, co.lsdtaable rore work was required before ets could 

be fished in the unburned areas. Pis'eraen frorz eac6 of the 

villages reported that fishin had been generally poor sir-ce the 

uter Jowl started to drup, arn tw;y also mentioned that 

fishing among " Vb.mh had nt 	been oncoureping. Howve. 

where &Iyaimw predo."naites,the fishermen living at Kofoede, 

stated that fishig in tho shelteM burae areas was very good 

while the lake was risinZ and that tia plan to cdeer boe areas 

in 1971. It should be mentioned. that ishng moo usiua1Ll 

than aroundreported to be w I-better arcoand jilymnm 


even before the fishinj strip claaring proV= v" initIated.
 

fVwrefo' it'is the vriter', opinion that Vlth6- LW fliher

amAua 'omen vll cl a s,. tisInfodd 
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M ( e l!L nle i ,KLaW ai n 

thri 30)0 

o asMe ta.nid biolosizal wod eontrol hs. ben. arred 

VoltaMt .0 , JAM r, the Oomernt has Biwen eosders-

Ua go thM teeva"q. 

iteU.,. in his irnsentation to the 1966 Ian-Hnde. lake 

Sycpii n Leers stated a 

"i bm am four Lin he&dinrs for bioloeioal control 
fish andpoesibilUtise-th use of insects, snails, 

ca.A. All of the" have interostin and possibly 
ly iqiortant potentials, though unfoxunately,strmi 

as yet successful bioloeical oontrol is resistance. by 

the oroniUm concerned to predart'rs and to disease. 
,They rust.also have a cnpa:ity for rap~d building up 

of population to uset the downd of a correspondingly 
rapid dmwlopwnt of the wecde. Whorw the plants' 

development and reproduction capacity excee( that of 

the bloloeical control aent, it is likely that a 

plants suc as hKiLchhornL4
my val be able to nul

lify the attack of the orjanisc , This is very 

likely to be so in tho caso of snails and fish vhere 

the dense cses of the plant -my over.aelva the 
attackers. 

Wiftects my flourish vhere plarts are Croving in 
ins to find. insectsIvst nbbenj; but the probloa zw 

which are specific to the wcods in question and do 
ot repimsewt a hazard to noighbourinC crops. 

%a reCmrds -t mairalso there Me been considerable 
in the rsnatee (U I sr &2) as a possibleIrterest 

controller of water woeds. But this aunil, in spite 

"of its enOrgrua capacity for consuming woeds, seem 

still to be an Lpqtracicable candidate becuse of its. 
rarity and the slbvness vith %ftch it breeds. This 

does not man that research uny not dixcover Lsans of 

fain the nuastee in a mannor akin to land animala 
by .producin nev varietias .o. discovsrire how the 
rr tive rate of the an1~ul can be accelerated. 
B tbers will saizsltansously, rain the problar .of 

educiatza hun beLng* to look aftor animls such as 
and not induz ta tho&- usual propensitythe carae 

16i deetroyLnB them. 

" re still - gins a f ifth an as yet unknown 
.poeib& mm of bloloeLcaI coo), loiefly nbrred." 

or by subtleto earlier. This my be by pat;gena 
ch~sin - e~airomant of the i.-. or rivers. 

D ther still eem a lone to go before such '. 

ideal sWation can be abh ."• 
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?ho WUBC Wld tin. to say St he-psiM te-it to 

higldy =lihly that any JAM equate asiml ,mld be mltable 

for controlline aquatic weds at Vol"a IMk, aim" tey umd 

ertaUnly be destroyed by t.@ fiaheen tor eather &*dims then 

to stop the anials froo dameinc theIz sear Vhieh so CaOMIy 

a~t Ln the shallow, wed infested azes of the AM. 

It is kno. that Latiate mixisted as far up the Volta River 

as Kate trachi bfor. the lalke for*C'; but since 1966, none of 

them have boon. reported in the LAke itpelf. Several heve been 

seen, hovs-on by this vritor,-ip the tailrace below the 

Akosombo .D. It coy be that thebe aniragl notrally mirate up 

and down rivers according to seasons. Therefore, those manatees 

that may have been trapped behind the Dw vhen..t o" -i ne . 

closed in Fay 1965 jrobcqy went-over the spillmy--end to their 

death-vtan tiw SuAtes wre opened after..1967. The writer krows 

of two larce .anatas that were found dead an badly raneled 

belom the Daz dur-in periods when ter wa beine released over 

the spilliays. Hance, if thea. anuals aro avet to ,be. sto cd 

into the lAke for. wod control, corsorvation, or tourtst attrac

tion purposess, it will probably be necossary to first irntea3 

sooa sort of p.ptect.iv barrier in the .Lake i:Aiately up

strea froo the spilhay gates. 

tr)e writer is also of the qpinion that the lake" ' still 

too youn for a .dateryjinotion to 1e undo as to whether or not 

atwmal biological coJtrol (balar~e) will elidnate, or' at l4at 

reduce significautly, the problem wbich are amntly 

atributed to aquatic weds. 

Soca bioloLical control for .oertain species of aqmt is.W 

at the lake s already ovident. On@ ts tbe )el able tedueft 

of flooded .h is aJtNt ,,Gd at ;eOt In Prt W 

apparent dazas% Z " . lvee, 4o vuums -they,-b. LW tI 
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pAM's tm. V"S&&# it is hoped, UL be *hm not mpfuies to 

be e tid by tbo,os.LUoeatem i, food oggetn. (Se.pag e 

to 37 of this WPt ff fUrther details.) 

Ao o..bwnmtioss mm vade daine .uly 1970 of a emell 

UJMiM ~ZVg4 -On the MSO Loeboishore, It me apecuilated 

thef those betls either preferred" 0 J2&gA~, or possibly 

ar eva hoot specift to it,. since no othev plant species. ero 

mn being "Umn by the*. By-the tira the. lake level flooded 

the mpo.. shq.Line in October, no J -e-hih $a. I" 

know to.be tolarnt to at least toderato flooding.ocould be 

found. oeiver,. during the n.mt dravdow .eriod, oot now 

11. JDRJMg M plants war& noted, but apain ther. we evidence 

that they We bein eten by tbhse insects. 

As far as direct biological control of vector snlle-is con

cernS, there are strong Ladications that certain species of 

fish in the lake eat snails. One c.iil eatinS opeciec is the 

puffer fi#h, vhtch is particularly abundant in the. Afran portion 

of the lakeand .is norrmlly .taken in wood beds-inly f ; 

MY ,Stn" the flesh of this fisi is considered to be 

poLsonos, it is therefore not eaten; hence, there is a cood 

possibility that its nuibrs should increns, in tte Lake. 

Unfortuntely, bommse this species in knmn by the fishermen 

to be poiLsoip-and therefore worthless to the'-and because 

it is mused of quttine the fisberments nots or e-*tine the tails 

off of other good fis spool wbtgh are.entaneW in tha nets, 

the puffer fish is usually killed by the fishem.n before it is 

thrma overboard,. This. Is ul retkaom~n tile abnance of this 

epeas. end its PotntiAL as an Offective ua of reducine thi 

vm5# smci populsttion in tbe U4eh. -Theote At the amers 

of this spefpam to mse h ue'o t~o.mneOmat,' 
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the Ilaba wil have to be advised .1 6 IM Spesim 

benfits. tho.ad &W ro ed to release the flsh m d 

utnmwr one Is wa t. 

in 10wrce 19700 Dr. CUfford 0. Swa 1sideat leolsstj 

Smithsonian Instiute, WAimpcd% D. C., visited Volt Jraiw in 

seach of careh fliea (SeiLoqsidae) t.int are known to feed o 

snails. DurigJ a four-day survey at the Uke, Dr. Bre8 .ellected 

one sLoaysid alorn the shore of the :ortbern bank of the Aft n. 

Homver, he vm cuch more successful hiIle sarchinvC for. these 

flies in &hallow uarshaes alone the Densu. iver near Ninre in 

the Accra Plains nort afoAccro. Work done by Dr. Bere in other 

parts of the world showed that certain species of scimysLd 

larvae feed on aquatic snails, and In som instatics, 0ood snail 

contro . was accouplished by tio 1ttroduction of these flies. 

Howvr, these flies ar. not well suitec for controlling snails 

in water deeper than 60 c., since tho larvae does not 'hve 

gills and therefore rust coca to ti.o surface for air every few 

minutes. Purtherworo, it is doubtful to this writer that these 

larvae could survive in largo anough wzrs to control snaxls in 

an inpoundmnt aI as Volta, Iae v.aero r.ny insect eating fsh 

exist. In mrhes, where the. scLoays2,..Wos Wl, the fist. lif 

is usually very low or rayb. even absent;. thoreforeg the inect 

populatLon would be expected to 1e corespoMLinSly high. 

During the past 13 years, studieos conducted in Nerto Mao 

and otAer locations have shwn that. the laree JW ; AiEn 

snail has potential as a bioloical control of ebgAais.

(Bilharxisis). It nag also been four. to be effective f9 the 

onm rol of certain species of aquatic weeds. 

In 1968, this writer rcom eled that a series of 

controlled laboatory tests be conduct In * to test th 

feasibility of u.izn this emil as a ooatrol of vectOC seatl 



I 

ctld *yIo..eMA * 

an the 

in YOl*X WOO . -o tss ti 

caebm ad tti VW MIr-&iIa.a Adviany MbaCacit tee 

grouM that the sail miaht ciadentr1ly, escape ifto t.e wild 

to ag1ia ul cgope, p&rtiularly rLce.and.ao dam" 

the writerIbugoes the stuy we. not co5rri out. ,tHow r, 

still fools that this snail his potential in 2na. not only in 

wstall ponde and str WhereVolta uakss but algo Ln the Lan 

vtor smiLe are cocron and BLiharsinsis is a seriou and' 

onvastat poblec. .Therefore, it is hoped that when facilities 

can asure that an4re available in Gana-facilities that 

manted introduction would not qccur-neconsidOratiLo will be 

8 iven for a local evaluation of this snail's bioLical control 

(See separate listin, oA litaoratuik cited forpotential, 

bioloiL a aid weed control.) 
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