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1.3 STUDY AREA 

l~,':;'i,:",",;C~~; 13) by 1.R. Grindley. 1985. 
Altitude, 5lXlm. ECR(J raein!! N(}rth. 

(CMS 13 - CSIR Estuary Index Number) (ECRU - Estuarine and Coastal Research Unit) 

1.3.1 GWi.O(;Y AN]) GtoOMORPHOIDGY Of THE KNYS"lA AREA A"lD mE CATCHMENT OF mE 

MVS"'lA RlVtoR 

The geology ofth~ Knysna E,tuary is well known. Tocrien (1979) described the geology of the Knysna 

clltChment area.. '1 }",n (1971). Miller (1963 and 1975). Du Toit (1966). and Butzer and Helgren (1972) 

mapped Ihe CretaceOlls and Early Tertiary deposits of Ihe Eoou pebble Conglomerates. But7er and 

Helgren (1977) pmvided lICC(}unts (}f the geommph(}l(}gy of the ",ils of the area. Dingle. Siesser ~nd 

Ne"ton (1983) examined the Meso7J.)ic and Tertiary ge(}l(}gy (}fthe area. (,rindley and Eagle (1978) 

prc""nted an analysis of sediments on the cast and west of the causeway adjoining Thesen Island. 

recommending that part of Ihe caw;eway be replaced by a bridge. Grindley (1985) has rc.iewed the 

geology of the Knysna area and lhe catchment of the Knysna Ri,·er. cOlooining the past geological and 

geomorphologiC/l1 ,tudie,. 

Knysna has an intere,ting geological history and the coastal plain has undergone many ehang~s in Sea 

level In the Pleistocene the cO<lstal plain was >uhmerged and the ocean reached the Outeniqua 

Mountain> (Day, 1967). During the subscquenl P<'riod of eieHltion rivers eroded the coastal plain and cui 

deep gorges into the mountainous C/ltchment area as well a, the emergent coastal plain. A period of 

suhsidence !ollowed and the dmwned vnIIL')', which now fonns the Kny>na Estuary. >tarted to fill with 

s.diments (Day, 1967). The gcol(}gy oflhe area is shown in Figur~ 13. L derived from the 1 :25() OIX) 

6 
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Figure 1.3.1 Owlogy of the Knysna area and the catthrnent of th~ Knysna River. 
00010 ical rna no. 3322 Oudtshoom ted from Toorien. 1979). 
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l'lftLlrc 1 _-'.2 rhe ,tratigrar/lic relati[)n,h i r hetwecll th e Brenton Fo .. mation and 1 he Foo1\ Conglomcmlc 
Formation (from McLachlan el ai., 1,)76)_ 
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1.3.2 DYNAMICS or TilE KNYSNA ESTUARY 

Knysna i. sittlated on a marine-cut platform in the Garden Route. 5(){1 km e",t of Cape Town, at 

2Jo03'40"E: 34°04'35"S (po'ition ofth~ mouth). The Kny.na htuary is localed belween the Indi"n 

Oce<tn in t"" south "nd tht: Oul~niqtla Mountains in the north. The total area of the e,tuary i, 1827 hH 

(Grindley, I 9X5). of wh ich 1000 ha i, inlertidal m""h (Marcc, 2(00). [t is perhHP' more accurate to refer 

to the Knysna E.tuary as an emb"ym~nt, which i. mostly marine dominate..! (Lar~icr el al., 2(00). 

Estunrie, can be cI .. ,siti ed according to the degree of mixing of trcsh w"ter and >:eawHter. into three 

cHlCgories: stral ificd. partially mixed and well mixed (Oyer. 1979 and Largi~r el al., 2(00). Moot of the 

Knyo;na Estuary is well mixed. since marine wat~r is transferred readily through the Knysna Ilead,. The 

up!",r·e,t""ry, north of the White Bridge, is stratilied with res!",ct to ,alinity due to the Kny,n" Riv~r 

dischHrge into \hi. Hrea. 

The climate i, tem!",rate throughoot the year, making thi. area a prime tourist de.tination. The warm, 

equHtoriaI A[!.ulha, Current j, the m~jor ocean current in (he region. It is a swill and massive current, up 

to 160 km wide and flowing at a speed of up (0 5 knots (2.6 m per ..,wnd), transporting XO million tonne, 

of water pcr second (Branch and Branch. 19XI). It follows the edge of th e continental .,helf (-200 m 

depth) in a general south-""sterly direction "round (he coost of South AJiica. From tht: Transkei, 

southward" the continenlal ,helf break toove, away from the shore, deflecting th e Agulhas Cu"ent away 

from the C<lru.t (Fig. 1.3.3). Close inshore. Cl1ol~r pocket, of w"lcr flow parallel to lhe coost. buI in H 

direction oppoo;ilC 10 Ihc Agulhas Current. As a re>ult, the .,outh C<last, from about Port St. Johns to Cape 

Point, has cooler coastal wate .. and different f10m and Jauna from the ea,[ coa,t of south~m Africa 

(I1mnch and I1mnch. 1'181). 

Fi~ure 1.3.3, Map ofo;outhern Africa showing the major coostal oce<lll curren!.>;, From Rranch and 
Rranch (IQXI)_ Also show. the four coostal regions. each of which sustains distincti,,~ 
marine faun" and f1om, 

\ I "" 

I·' 

~ •. 

II 
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MOUTH DYNAMICS AND TIDAL CURRENTS 
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Figure 1.3.4 Longil "dina1 variations in residence I imes across lhe c,tuary. Diagr"m from Largier et al. 
(2000). Data coll"ct"d over 3 days during high and low tides in April 1996. 
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PHYSIQ-CI IEMTCAL CHAR Al'WR1STIl'S 

The Knysua Estuary remains the 0"" of the most light-transparent estuaries along the enlire co;"tline of 

South ,\Cric". Thc ovcml! t!":n"p"rency ofthc walcr column varic, ,e",on."llly from 1.67 m to 2.28 m as 

measlU"d by a Sec~hi dd<. (Allanson el al., 20(0). rhe,e levels of transparency imply Ihat thcrc is 

always stlfticiem photosymhetic radiation passing through the water column to allow for the growlh of 

"xtensive eelgrass meaoows, upon which much of the nutrient mobilisation d"p"nds (Marcc, 2000 "nd 

Allanoon el ai., 2(}(){)). 'ine maintenance oftmnspar.mcy is an essential requirement in Ihc man"gemenl 

oflhc cstuary. Allanson "I ai. (2000), suggcst tlwl ifnu(rient Io;,ds incrc"sc SUbSUlOti"Uy in the A,hmead 

Ch"O!lCI, duc 10 Ihc relatively high l'esid"'lCe limes, they will C'lCour"ge phytoplanklOn bloom, "nd/or 

deme "ccum"btion, of m"cro-alg"e. Thi, wil! resull in occrcascd tran'pmency, which will lead to the 

10'" of e,I,mrinc "",crophytc. such '" cdgtm., ,md ullim"lcly," loss ofhiodiversily in the whole 'ystem. 

rhe ,alinilY in<:rea,c, rapidly within Ihe Ii"t 8 km of lhe e,t,mry dowmtre"m from the weir. Thereafter 

Ihe ."linity re","in, close 10 Ih"t of se"wat.cr (Allaooon elo/., 20(0). Compari,on, of horizontal .alinity 

vari"liOfl in Ihc e,I,mr), ,in<:e the inilial me",urement, of Day "I a/. (1952) and I"ter by Grindley (1985 j, 

'"ggc,t tn"t lherc ha, oo.,n no ",b,lanti"1 d,angc in lhe p',l\em of salin;ly Si,lCC 1952. The ocean .alinity 

i. relatively cOll,tant (34.7 35.2 %oj. where", tempcmlure, v"ry OClween 15°C ,md 23 "C, but CHn l>e a, 

low as 9 "C below the thermocline in ,,,mmer, or a. high a, 25°C when directly infiuenced by the 

Agulhas Current (Schumann, I m and l.argier el al., 2(00). The wann sun."ICe wat",,< in summ"r are 

n"trient depl"ted (Carter el ai., 1987), whereas the winter waters are well mixed a,m unifom,ly cool 

(Largie" el al. 20(0). During <ummer, the "ast"rly winds alon1\ the coost ,,,suit in upwelling of ~old, 

nutrient-I'i~h bottom waler, which is observed ,,11\\c mooth of the cstua,y from limc 10 timc (Schumm"', 

20(0). 

14 
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The upper e,tuary contains relatively warm (>25 0c), hyposaline water. At high tide the lower e,tuary i" 

till ed with cool (-15 "C), s.alty, ocean water and the area between the White nridge and th e Railway 

Bridge contains warmer, salty water (Largicr et al., 20(0). At low tide, low·salinity water (<30 %0) 

'pn:ads down.rream from the river, warm, ",lty water move, .eaward, and the cool, high-,alinity water 

rerreats out of the mouth. On th e next incoming tick, this the rmohalme ,truoturc is again pushed 

landward, (Largier a aI., 200Ul. The water pll generally remains below 7 in the uppermmt e'tua,y 

therealkr inoreasing ;;je~dily to value" of - 8.1 - R.2 when seawate~ salinities ~rc reaohed (AII~nson ", 

al., 2(){)(). Oxygen ,aturation of the water column in the maiu ch~nncl v~ries between 82 % and (J7 'Y. 

across the entire est"a,y (AlianSO<l <:/ al., 20(0). Oxygen levels in the upper e,tuary arc significantly Ie" 

than those in the middle of the e,1ua,y, between the While Bridge and the Railway Bridge (Fig, 1.3.5). 

Fi!,'l.m, 1.3,5 Box and whisker plots of dissolved oxygen conoentrations (mg/I), 
[)ata bv Allanson e/ al (2000) March 1')')5 

.""~ , .~ 

, 

I 
" !-

" '1 r c!, , 
clJ 

, 
I " I I , I 

I " , 
¢ , 

" , 
" 

•• ~ - ''''' ."" .- .- ",000 

AllanS-Oll el al. (2000) att,ibute the lowered oxygen leve), in the upper estua,y to Ihe nat",a) biochemical 

oxygen demand (nOD) of the water cohmm enriched with humic Sub'llillces. Lowered water 

temper:nure" a, a coosequence of upwelling (Schu",ann, 20(0), re",lt in an increase in diss.olved oxygen 

Ihroughoutthc lower ~nd middle reaches of the e"tuaJ), up to Belvedere, with rec()rded value" ranging 

fro", 6.7 - 7.~8 mgll (Allam"''' et aI.., 20(0). This intluence did not. h()wever, extend up,'tream of this 

point and levels of dissolved oxygen north of White Bridge remai[lCd fairly unchanged (5,10 - 5.99 

mg/I). An()ther significant source of oxygen-rich water i, the tidal drainage fro", (he shall()w Ashmead 

ChanneL J !ere, nutrient-rich emuent from the Knysna ""wage-Ireatment w(}l'ks, and 'l'oradic st()rm­

water infl()ws, lead. to peri()dic phytoplankton gro\YIh and, more importantly, the maintenance of the 

extemive eelgra .. meadows in the inte11idal area, (AlIans()n <:/ al., 20(0), which produce oxygen through 

the process ()f ph()to.ynthe.is. 

15 
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SILTATION AND SAND MOVEMENT INTO AND AROUND THE 
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SUSPENDED SOLIDS AND TOXIC MATERIALS 
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1.4 I;'\ITRODUCTON TO FORAMINIFERA 

Refer to Appendix 5 for species names. 

Fomminifera arc singJ<>-<:cll""- testate p<otozoan, that demonstrate a wide vari~ty of te,t cornpositiOils and 

moll'hology. J h~y inhabit all marine environm~nls from the intenidal zone to the deep ocean floor. 

mnging from the poles to the tropics. and a variety of interr~lated biotic and abiotic_ filctors. ,ueh as 

temperature, 8alinity. c_.lcium carbon ale a~'ailability, plJ, di"ol~"d oxygen. turbidity. trace clements.. 

illumination. ,nbstrate. hydrostatic pre"ure. cnrrents. tides.. food availability, predation and competition 

controllheir disuibutiOils (Lipps, 1993 and Boltovskoy et al .. 1991). rh~y nsnally li~" for np to 6 momhs 

and their ablLndance in ,~dirnent ,amp"'s may reach tens of thonsands per sqnart: meter. Their dive"ity in 

tropical ~n~'ironmenl' may excee<J 60 or 7U specie. in a sample of3oo individuals (Lipp •• 1')<)3). 

Foraminifera appeared at the Preeamrn-ian-Cambrian boundary and have evolved very rapidly throngh 

time. MajOf taxonomic- diversification (}C-c-urred during the I1cvonian and the Triassic to Early Jurassic. 

resnhing in "1U)'ing pallems of ~volution and ntinetion that art: of considemb'" biologic and geologic 

significance (Tappan and Looblich. 1988 and Lipps. 1993). Th~ir val"" a, stratigmphic age markers is 

18 
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collecti"", the samples were not 'iHincd to reveal the living to dead ratim, although reworked and 

ahraded loraminifura were noted. However. 'amples col~cted in the Ashmead Channel mid across the 

L<:isurc Isle sandflat were ,tained wifh Rose Bengal solution, aHowing for the reoognition of living and 

non-living foraminifera. 

Figure 2.1 Sample IOCHtiOll' in the Knysna Estua,)'_ Adapted from Grindley (1985). 
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3. RESULTS 

Sediment wos coll«ted ti"oln 42 .ample, along the main chonnd of (h~ Knysna Estuary (Fig. 3a). Sample 

I is at the weir on the Knysna River and .ample 42. eighteen kilometre, downstream from ""mpl~ L is 

located at the mouth of the Knysna EslUary. between the Knysna lIead •. Sample 13 was collected under 

th~ While Bridge (over "hich the N2 national road runs), 6 "m downstream Irom (he weir. and sample 31,s 

under the Railway Bridge, 12.41m downstream from the weir. 

Fi" ure 3a. Sam 1~ lo.:ations in and around the Knvsna Estu 
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Figure 3c. L~isure [,'" and its orienlalion in the Knysna Estuary 

Lac"lions ofLcisurc I,1e ,andtlat sample, 1.1-1.9 and ,ample to hchind;'cast nf) .cisurc Isle 

" .,-, 
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3.1 PHYSICAL I'ROPERTIES 

TIlC bathymetl")' of the Kny<na E'tuaI}' varies from 0.5 m to >9 m in the dee!",r waters near the tidal inlet nf 

the estuary (Fig. 3.1.1). The salini1y increase, mpi<ily down<trcam from the weir (0 %0) In the upper 

e,tuary, oottom friction on the channd bed slows the lower part of the water ~olumn and lower-salinity 

water move, o,'er the higher-dcn,ity water. cau<ing 'tratiflCation of the water column. Salinity value, 

reach a high 006.5 %c at sample 17 (2 km downstream of the White Bridge). after which the salinity drops 

,lightly. remaining octw~~n 30 %0 and 33 ,..,. until sample 39 (1.5 km from The I leads), where it rise< tn 

that of "",,,water (-35%0) and remain, 0;0 to the mouth of th~ estuary (fig. J. I .2). TIle drop in salinity trom 

,;ample 19 tn =ple J 7 coinci~, with the developed area along the bank< of the e:stuary, and may th erefore 

oc due to rcc~nt rain<, re<ulting in fresh water runolT trom the urban area, into the e,tuary. figure 3.1.3 

. 1'0 illustrates a salinity gmdient in the upper estuary from ""Iinity measurements in the vertical water 

column. Re<ults are ,imi lar \() the salinity ,tructure of the e<UJary illuslJ"ated hy Allan",n el al. (2000) and 

Largier el al. (2000). The pI I decreases upstream. from more alkaline valuc, (7.5 - 8.18) ncar thc mouth of 

the e1ituary. to value, of 5.5 - 7.5 in the bracki<h water< nf the up!"'r e,tuary (Fig. 3. I .4). A scatter plot of 

Salinity again<t pI I for the main channel samplcs depict:; an almo't linear trend acro,,-, the e<tuaI}' from 

more acidic, lower salinity river water to more alkaline, higher salinity sea water (Fig. 3. I .5). 

figure 3.1.1 Rathymetry along the main ~hannel of the Kny,na Estuary 

Figure 3. J.2 Salinity measuremcnt:; along the main chaJlnel of the Knysna Estuary 
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Figu~ 3.1..1 Salinity meas~mcoot$ in the .-en"",] _er oolumn along !be m~on .:hMI"II:1 or tho: Knysna 

Estuary. n.c. 1o .. er BOO rIDddle eslu&I')' _r;;: "'"dl milled. ...... ;k tile upper e$tuary is Slnlrificd 

... ith "',;pea. I<) salmily 
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Figure 3.1.5 Scatter plot of salinity vs. pH across the Knysna E.,ruary 
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I'igure 3.1.6 plots salinity vs. pH for the extra samples collected lUOUnd the Knysna Estuary. Thesen 

Island causew"y and the Railw"y Bridge side--channel are near the Knysna CBO area. These areas are 

therefore sU!iCeptible to runoff from the adjacem urban .Iopes. Rel"tively alkaline nmolfflows into the 

channel north of Thesen Island and in the rainy season the warers ea.n of the causeway become less 

saline. The Sout (Salt) River samples reflect middle-cstuarine (slightly lower than sea water) salinities. 

due to flood-tide water from the Knysna E!ltUary pushing ,nto this channel every tidal cycle, Sout River 

sample I is further upstream, " .. here the chan...:1 is narrow and vegetation on the banks results in relatively 

acidic runoff into this area of the Sout River. 

The sewage oullet brings fresh "atcr inlo the Ashmead Channel ,urrounding Thesen Island. Se""ge­

outlet sample 2 is situated where the sewage effiuent runs into the A,hmead Channel waters, and 

therefore has an elevated salinity relative to se"age-outiet sample I. The pH values in the Ashmead 

Channel range from near mari"" to 7.86 (Fig. 3.1.7). Samples AJ and A4 in the Ashmead Channel show 

elevated pH values relative to the rest of the channel. This may be due (0 (fairly alkali...:) inflow in this 

area from 8 combination ofeffiuent from the sewage-treatmenl-piant outlet and runofl'from the mainland. 

The beach and n-.ck pcJOI area. include sample. from Ihe Leisure Isle sandf1at ncar It.: tidal inlet. bct"ccu 

the Knysna Hcad'<. fireTlt()"-(,,,-Sea Ikach (Western Head) and Noetzie Beach (Eastern Head). Thcs~ 

36 
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areas arc essentially' marine' and all ha>c salinity and pH ,'alucs equivalent to SCa water (,alinity value, 

range Ii-om 35-36 ~ and pH·- 8.1), The Lei~ure ble ",ndllat i. ,imilar to a beach enviWrlment. although 

this area i" to ",me extent, protected from the har,h f"rce, "fhreaker<; by the Kny<na Heads. 

Figure 3.1.6 Salinity vs. pH for extm sample~ around the Knysna Estuary 
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Figure 3. I .7 pI I measur~mem~ in thc Ashmcad Cham",1 
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3.2 SEDIMENTS 

The comp<l.,ili()n ()f tile <edinlent varies ac,m.' tile estuary. Sam pic, consist primarily of qumtr. g~"in" with 

subdomi"ant clay minerals and organic material, as well as a few sandstone Of mck fragments. Table J in 

Appendix 3 contain< tile "'.,ulls fmm tlie grain-sin analysc' across the Kny,,,a Esluary, Variations in lhe 

percent Wavel (>2 mm), very ooMse to coarse sand (2 - 0,5 mm). medium to very fj'le sand (0.5 _ 0,06 mm) 

and mud «63 lun) ofsedimcnt trom thc main channel orthc Knysna Esluary are prcsente,1 in Figure 3,2.1. 

Se<liment in die lower estu",y, near the tidal inlet, is clean and consists predominantly of well sorted, 

rounded to ,ub-rou"dcd quartz grain., n,e middle estuary v~r"'.' in compmili()n; the clay /i-<lCtion an,1 

organic content increasing with decreasing grain sizc and CUrTe"t activity. Be,ides samples 17 and II, 

which arc wry fi"e grai'led, re,ulting fronl em<i()n of tile 'learby saltmaL,h area" Ihe "'.'1 of thc estuary 

contains generally well sorted, fi"e-mcdium graincd ,.nd wilh .ub-angular to sub--rounded quartz grains 

a",1 occa.i()nal Penin<ula Formation sandstone rock fmgments (lerived from the catchment area. Sample., 

6 to 14 arc ["lOrly .,ortcd with coar"e ""Old and mud pre.ent. The channel hed ()fthe upper e.tuary (samples 

1··6) i.' poorly ,()rted and compo.,ed of angular to sub-rounded sandstonc and quartt cobble" pebbles, gravel 

and coarse sand. 

'Ille grayel fraction of lhe upper estu"ry samples contai", only Coor"" rock fragment> and pebbles with no 

'hell materiaL II()wever, the gravel fraction of samples 19,29,30 and 34 oonsislS predominantly of 

mollu,c shelL, including, predominantly, Pr()/()melia capemi., (gastropod) and minor Na.<.<ar;'« krau.<.<ianu-, 

(gastropod), L()ripe, clau'''5 (whitc bivalvc) a"d Sulm cajJolSis (pcncil bait). AP!'C"dix 2 co"tai"s liodlt­

micro<cope pictUl'e< illu<trating variation< in <",Iiment types a",1 shells from select",1 sample, arou,,,1 the 

Knysna Estuary. 

A grain-.,i7.e analys;" of the extra samples collectoo around the Knysna E,,1uary allo,,"s for charact~risation 

()f the <ediment type< (Fig. 3.2.2). Se,liment from the channel behind Leisure Isle and llr.nton-<ln-Sea 

heach i., almost identical in c()mposition, texture and oolollr. 11 consi,,1, predominately of quartz srnins and 

calcareous shells and shell fi-av"ents, in addition to being well ,ortcd, fine-medium grained sand with sub­

angular to .,ub-rouncle,1 grains. The sewage--<lutlet samples consisl predorni,,~ntly or fine sand with <5 0/. 

mud content. The A<hmead Channel sediment is similar to that of the ,ewage outlet, but the mud fraction 

increa""s around the channel towards the causeway, where silta1 ion is prevale"t. The Railway Bridge sid e--­

channel contain. abundant shell material, dominating the gray,,[ fwclion, Pru/()mella capensis is the 

,Iominant shell .'pecie< amun,1 the Railway nridge, which is c()mistent with the ,llells from the surrounding 

main chan'lCl samples, The Sout River sample< contain immature ,edimem with abundant angular 

catchmcnt-derived rock fragme,,!> and rare marinc ma!.crial, ,uch as <liel!>. figure 3.1.3 illus1ratc, the 

general sedimentological changcs acroSS thc estuary. 
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figure J.:!.! Grai, ... i(c lInalySlS for th<- ",ai" cha",~1 sample.! pluuro as II coIum" ~l'lIph 
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Figure 3.2.3 Gmin-size analysis of the sedimenl:s in the KnySmt Estuary. Adaploo from Grindley (I ~~5). 
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3.3 MJCROFAIJNAJ.ABlJNDANCE 

Individual nllmber.; offoraminifera and o,tracoo, per 20g of the ,and fraction vary con,iderably aero"" the 

estuary, witn low numbers at the Knysna Heads (sa,"plc 42, tidal inlet), around the While Bri,lge and near 

the nead oflhc eshJa,y(=nple, 1-3) (Fig. 3.3.1), Sample, 17, 19 and 37 contain abundant foraminifera, 

and Mmples 19, 27. 29 and 34 eOJJtam relatively high number.; of ostrncoo', Areas upstream of sample 17 

(orr Belvedere) and ",award of ,ample 38 have low number.; of ostracod lests. Samptes 4-6, 17-19, 26-32 

and 34-38 di"play a relatively high abundance of microfauna (fig. 3.3 ·0· Tnere are two domiJJanl species 

of foraminifera from "a"'ple 1 to sample 16, alter which 'pecic' dive.,;i!)' of both foramiJJifera and 

oqraeoos rise, con,i,dcrably, reaching a maximum at sample 37 ("oulh of Tllesell Island), and then 

dccreasing toward, the mouth of the e,{uary (Fig. 3.3.2). A total of 105 "pecie, of foraminifera were 

recor,led in the Kny"na ESluary, whcrea' ollly JO o.tracod 'pecics were found. ror the purposc oflnis 

study, o!ttracoo data was not re.>earcned further lhan JJumhcrs of individuals and species. 

FigllfC 3.3. J Relative number. of forami nifem and ostracoo individual> in maiJJ chanJJd "ample" 

Figure 3.3.2 Relative nu",be" of foraminifera and ostracod "pecie, iJJ main channel >amples 
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"I um""r:s of foramin itera and ostracods, as well as sp"cies of toraminifem, vary wnsiderably between the 

extra s"mpl~, collected around the ~'ll,"ry, du~ to the diIT~ring ~nvi",oments (Fig. 3.3.3 and Fig. 3.3.4). 

Thc Ashmead Channel. especially sample ;\5 (north of The",n Island), and the Railway Rridge side­

ch"nne] contain o:;tr"",ods io varying abundances, whereas tli<; saltmar:sh and mar inc-dominated samples do 

not contain ostracods. The Knysna Head, rock pool, are ri~h in ~"k"",ou, fomminifera. whereas the 

,aitmm,;h arCa, wJltaio agglulinated foraminiJCra. Samples fiuln the sewage.-outlet channel, the Soot 

River. and j usl west of the cause","y connecting Thc,en I,land 10 the maioland, are rei"tiveiy devoid of 

microfauna. 

Figure 3.3.3 Numl>ers offomminifem and o,tmwds in the e.~tra sample, around th~ Kny,n" Estuary 
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Sm - Saitm""h; SR - Soul Riwr; Tc - The,en Causeway; A = Ashmcad Channel sample; So - S~wage 
outlet; LJ-L9 = L~isllr~ Isle sandflat samples; Lo ~ channel l>ehind L~isure Isle: HeMS rp = Kny,na 
He"ds rock pools; H~ad, ,w - Kny,na Head, ,urtace water; blw = below low water; and "hw - ahove 
higb water. 

Figure 3 .3.4 N umb~" of foram inifera and ostracod species in the extra samples "round the K nysna Estuary 
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T'oraminjti;ra found in {he heach sedi""'nts are, almost certainly, notiivi"g tbcre, bllt..,.., non·living tc,ts 

thaI have been trffil<portcd onlO tbe beacb and depo,jtcd. Most of tbe living foraminiferal tc,t, found in 

rock pools amllnd the ~o"st are more robust th"n oslrtlclld ~"mpa~e, and ~an thcrcfore survive in turi1ulent 

wate". Ostracod carapaces (sklls) may l>e destroyed in energetic littoral en"irooments, sllch a, the wave­

dominated beach environments, rock pools and shallow-water sandflats around the mouth of the Knysna 

Estuary. 
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QUHrlL grains, fllmmillifcra mid ~akareous marine material. which make up the ""diment of the Leisure I,lc 

>aoofM ~'" brou!;ht in through tho tidal inlet and deposited in thi, area, due to flood-lide. trans1X'rting alld 

dcpositing scdimellt ~onl~ining foramillifera. Deposition fwm lhe water column OCcurs with the reduclion 

in current slrength as th" water move. up the ""oofla!_ TI", num]",,, of foraminifera are ~llnsiderably 

higher lhan ostracod, on lhe Lcisure Isle >andtlat (Fig. 3 J .5) ~nd, refcrring back to Figure. 3.3.3 and 3.3.4, 

it i, el'id"nt that ostracods are not fouoo in marine-dominated areas moh as beach "nv;rOllJncnlS and rock 

pools. 

Figme 3 .3.5 Numbers offoraminifem alld ostracod, across tho L"isure Isle .andllat and in the ~hanncl ca,l 
of Lei,ure Isl"_ 

I 
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11 L:1 L' L4 L, u; 17 '-" L~ LO ____________ ---.J 

Numbers of living foraminifera (Ie,t, 'l"ined with Rose Rcngal &Qluticm) irICf"a", across the sandflat, 

IOw~rds II"" main chanll"l, whereas numbers of lion-living lests decrease towards the m~ill ch~nne l, 

illu,traling ~ ,imilar, but [)ppo,ite, trend (Fig 3.3.6). This may be due III the ,usceptibilily of delld lests to 

be transported [)nlo the sand11at wilh the 1l00d tide, thus accumulating away from the main channel. 

Figme 3.3.6 Number of livillg and lion_living f",am inife",- lem across the Lei,ure Isle sand flat 
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ConlraJY to the foraminifera, the number.; of living ostracods deere"sc slC"dily lOwards the main channel 

from sample Ll to sample 1.9 (fig. 3.3.7). The percentage of living foraminifera vs. the percenl"ge of 

li"ing ostracods demonslmle opposing trends across the sandflal, possibly signitying compelilion between 

the microfauna (rahle 3.3.1 and Fig. 3.3.S), 

Figurc 3.3.7 Numbers of I iving and non-living ostracod tests "crOss the Leis"re Isle sandflat 

" (bu ch) 

EJ livir.g ostr""""s (st"nedJ 

! 

1l..,~ __ 0 J 

o dead o~tr;cod" (unst"nedJ 

'I ahle 3.3.1 Leisure Isle sandflal: Percenlage foraminifera and ostracods stained with Rose Bengal solulion. 
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figure 3.3.8 I'ercent"ge of living foraminifer" "nd ostracods across the Leis"re hie Sllndfht 
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Microfauna are rdatively abundant in \he A,hmead Channel due \0 the nulrienHich s~diment in thi, area 

(T'igure~ 3_3 _ 9 and 3 _3. I 0). Foram inifural ,pec;"s nllmoors g~nerally follow the sa"", trend a., the individual 

numbers of foraminifera, However, specie, diver,'iry decrea.,es near the callseway Sample AS (Fig. 3.3_1 0), 

approximately 100 m ca.,t of the ~aus~way, is abnonnally ri~h in oslracoo, (>300 individuals per ~20 g >and). 

Samples were stained with Ro,e [l engal ,olution to establi"h the nllmber, of living and dead foram inifera in the 

Ashmead Channel. Data from the centre ofth~ Ashm~ad Channel revealed that there are g~nerally mo,"" dead 

foraminif~ra than living fornminifera, and there are more living ostracod, than <kad omacods in the A~hm~ad 

Channel, although no dear trends were pori rayed (F igure, 3.3_11 and 3_3 12). There i~ a higher percentage of 

living ostracod, than living foraminifera in the Ashmead Ch"nnel (Table 3.3.2), indicating an environment that 

favours oslracoo inhabitancy_ 

figure 3_J.9 Foraminifem of the Ashmead Channel 

. ~ 
we • 

I'} 
eo N 

'" eo 
~ 
I 4e 

:Z 

" 
0 

,---- ------
, -- -I .<;r . . Number of foraminifera 

p ~ . _ ~ ,I _--''',---,Ncocm",oo" ccf,oc"cmcc"c"cocc'' c'-'"cc'c"'=' --1 
'- '. -

, ----

--- ' , 
Q 

--- ------------7'-

-----------

---------- - -- , 
A 1 (ne", mai n M 

cha~) Ashmead Channel Sam~ 

A6 (near 
causeway) 

----

figure 3 _J_ ION lLmber., of foraminifera vs. numbers of oslracod" in the Ashmead Channel 
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Table 3.3.2 Foraminifera and OSir""ods frnm the A.hmead Channel; p"rcemage ,tainoo with R".., Bengal 

Foraminifera Ostracods 
% stained % stained 

·SamPleA1 45 70 
SampleA2 35 50 
SamOleA3 56 68 
Sam leA4 27 60 
Sample AS 32 69 
§~ITIQ!e A6. 36 74 ---

Figure 3 .J. II Ashmead Channel; Percentage "fliving t" non-living (abiotic) foraminifera tests 

o 

o % stalr1ed 

Foraminifera 

D % unstained 

~ 

(causeway) 

Figure 3J.12 Ashmead Channel: Percentage of living to non-living oSlrac[)(\ tests 
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4.1 DISTRIBLrrJON OF FOfl.lIMINII'ERA IN TI IE MAIN CHANNEL SAMPLES 

Toial individual foraminifera number. and for",ninif~ral ,pecies numbers vary considerably lhroughmrt lhe 

Knysna btum)' (Fig. 4.1.1 and Table 4.1 .I). Specie. distributions in this chapter will be di,c""ed from the 

weir at the head of the e.tu"ry 10 lhe Knysna Heads (tidal inlet), so as to cor,.elate wilh tlic tal>le. and 

illllstr"tions, The upper ~,ltoary cOll,i,t, predominantly of two spocies (}f forJminifem. Samples 22 to 37, 

"I"trealll and wwnst",am of the R"ilway Bridge. display th o riche,t foraminiferal diven;ity in the Knysn" 

Estuary. Species typic"l (}f sh"llow-marine c(}nditions arc fOllnd in relatively low numocrs in the.e sample, 

and [Ween ,pedes dom i nate the sediment. of thi, region of the ~stual)' (Table 4, I. 1). In the lower estuary, 

n~ar the tidal inld, specie. diYersi1} in the sediment' drops and foraminifera become ,career. Eight speci~s 

of foraminifera dom inate tm. micf(}f"un"1 assemblage n~"r th~ Knysna Heads (Table 4, 1. I). 

Figure 4.1.1 Rdative numbers of foraminifera individ"als and specie, along the Kny,na E'1uary, 

• Nurnboer 01 species 

oS,." 01 bromo 

1 

M, in , I 

Samples 1 and 2, coll""teJ at the h""d of the e,tuary, where the water ,alinity is vimlally 7ero, do not contain 

foraminifera Sampb 3-~, oclw""n the Charl~'forJ Weir and the Old Dridge (Refer (0 fig,. Ja), arc 

relatively rich in foraminifera, altllo"gh only two .peGies, Miliammilla fusca and Ammonia parkinsoliialiG 

5.1., lhrive in thi, region or the e'("ary (l'igure.4.I.2). Samples 11-16 "ppe"r to oc inhospitahle to 

foraminifera. Only kn Ammon;(1 'pecimen, were recorded in tlli, section oft~ main channel (-2.7 km), in 

the vicinity of the White (N2) Bridge, J)own'lrcarn of thi' barren arca, foraminiferal diYe"ity incrca,e, 

ratller dramatically, with a sharp increas~ in Ammullia parkimolli(1l1a nllmbers to -·117 per 20g sand (Fig, 

4,1.2), and the foremo't appearanc~ of planktic .peci~s (2 reC(}nkd) in SlImpl~ 17, "Il~r which no planklie 

4" 
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specie, arc recorded until sample 26, ",hich is -9 km from the tidal inl~ (Tahle 4.1.1). The planklic specic> 

recorde<l in ,ampkll7 were probably lmn'portedupstrcam during nood lide,. 

Figure 4. 1.2 Dislribulion of }.,[mamm;najJ"ca. 11mmonia parki"so"iana s. L. and Ammonia japon;ca IICrCkSS 

the Knysna E'tumy 

- I f--II----- - - - IT Ammo ni. p. r'<inoo nian. '.1 

, 
" . , ' ~1"" ""'~ ""~~" ~~ 2' ~~"~~~"~~~~~~~~~"1_ -, 

Sampkl I S. off I:lelvedere. display, lhe firsl llaynes;na germanka. a lypically estuarine species (Fig. 4. I .3). 

F.!phidi"m crisp"'" emerge in the Knysna Estuary ",dimem, at thi, point (fable 4.1.1) and remain present to 

the mouth of the estua!)·. In t~ middle estuar)' (sample 18 to - ,ample 30), most f:lphidi"", aisp"m 'p"cie> 

are abraded and brol<~'n, indicaling lmmportation of non-living test>. From the Railway Bridge to the lidal 

in let of the estuary, the num~," of abraded E!phidium crispum heco"", I"" and near The J leads Elphidium 

("rispum tests arc all large and wdl-prcserved. J ,0'" number> of foraminifera, that are typically indicatil-e of 

littoral environments. were al,o d(x""ncnted in sample 18. such as robalulalobalula, Pamralafia nippo"iC<l. 

B"'imina 'p .. Lagena sp. and Oolina 'p. (Table 4. 1.1). hut these specimens arc most likdy non-lil-ing te>\l; 

that were transported upstream", ilh f100d lid~'S. Do .... "stream of sample 18. F.lphidi"m >fX;'eics and miliol Kh 

such ""' Qu;nque!<x'ulina and h;/tx.'"lina >fX;'ei~'S ;ncrea>e in abundance (Table 4. I . I). Sample 20 presents 

the appeamnee of RolaNa ga;mardi; and living QU;nque!<x'ulina dunker/l"iana. Tri!(X.'u!ina "ob/ol1ga" and 

Triloculina Irigol1u!a. IWl<llia gaimardii is a typically estuarine species and in the Knysna Estuary il is 

found, in low number" Hum sample 20-28. therefore cont,"ed to an area ;n the main channel of just over 2 

km. between the Railway I:lridge and the Whitel:lridge (Figure.4,1.3), In lhi, region of the e,tuary, the 

subtidal main channel meanders between constrictive intertidal ,andbanks. thu, providing a more tranquil 

environment. compared to the area >ea",ard of the Railwaj llridge. Figure 4. 1.3 illustrate. the distrihution of 

species of foramin itCra that arc estuarine in nature. 
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QuinIJue!oculin!l dunk~rquiana i, present in all sampks from sample 20 to the tidal inlet of the e,tuary. 

Ilowever, ,eaward of!he Railway Bridge mo>t of!he specimens, if not all of them, are orange in colour and 

abraded, indicating reworking from (po .. ibly) the lale,! Plei,tocene. Quil1qudoc'ulina dunkerquiana, 

therefore, thrives in wate" 'lightly less ,aline than ,,,,,water. Seaward of the Railway Bridge, the ",diment' 

[I(){ only include more foraminilCra of marine origitl but 0 Iso become more enriched in marifIC material ,uch 

as shells. echinoid spines, algal fragments etc. l~iloculina ()b/ongo, Triloculino Irigonula, and 1~iloculi"a 

tricarinalo are oon-omamen!ed miliolids thaI exist in salinitie, a linle k'wer than sc. water. Trilocu/;l1!l 

oblonga, the dominam estuarine miliolid, and Trifoculina trig()nula can he found living in the main channel 

from sample 20 to ,"mple 38 (Table 4.1.1). which is sited -2 km inland Irom the Knysna Heads, where the 

main chaw,c\ becomes constricted between the We.,tern I lead and the Lei,,,", L,l e .",ndflat. l"ri/ocu/ina 

rricarinala "Wears in sample 22 and its presence conlinues, in Il'" numbers, until sample 32, jus( 

d<mnstrcam of th e Railway Bridge Ct abk 4.1.1). t:lphidium moc'ellum i, found in low number> from sample 

20, apprmimaleiy midway bclween the White Ilridge and the Railway Bridge, to ,ample 32.just oown.tream 

of the Railway Bridge (Tahle 4.1.1). Elphidium ma.;e/lum u",ally thrives in littoral environment' and wo' 

prob"bly washed upstream and deposited landward of the Railway Bridge. Specie, Iypical of shallow­

mari"" ,"t(ings are al'" foond di,'persed between some ,edimcnt samples of the middle e'tuary_ For 

example, Ro.f"lin" sp., G",-e!illopst, praegeri, Bulimina .fp., (Jolina.'I'-, LGf(ena .'p. and agglutinated species 

,uch as Textularia c()/1iw, Gaudrilla rudis and Spiropl~clilld/!l sp (Table 4. I. I ). 

Figure 4. I.J Typically e,tuarme foraminiferal 'pecie. and their abundance throughout the Knysna bluary. 
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Figure 4, 1.4 DiSlributioo and relative abllooa""" of the most dominant forarn i niferal "roci ... , in t~ main 

channel of ilK: Knysna Estuary_ 

• 

v"""""" 0/ ,0. _ow< _mint"", _,-;0' """"'" t~ ,,"y"" EoUlrt, <Ii>~~ _. ~""e "'..,"" .. 
",,"_inc _Ie~ """""'''" 
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4.2.3 FORAMfNIFHRA OF n~EAsHMEAD CJJANNEL 

111~ Ashmead Channel surrounding Thesen Island i, ,heltered from the tidal cnrrent, experienced in the main 

channd of th~ ~stuary. a, wdl a, from prcyalenl l>oat and wind aClion on the water ,urfa~e. This ~hannel 

~ontain, relatively calm. clear. alkaline (pi! - 8.02) waters of moderate d~pth (-1.5 m). high organic and 

nutrimt cont~nt. and middk-~,tuarine imlinitic;; (-33 %0). The scdimenl is generally fine-grairn:d, well· 

sorted and contain, _,hell_, and other marin~ debris_ Forarninifma nurnb~rs are high due to the prote~ted 

nature of the A'hmead Channel a< well a, the con,tant, hut ad"'luate, nutri~nt supply from the sewage­

treatm~nt plant outlet and slorm water drains (fig. 4.2.1)_ 

figure 4.2. 1 VariatiOl' in numocr< and specie, of foraminifera in the Ash mead Channel 
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Rapid d~pt>,i(ion of marine material lake, place when water enters the Asillnead Channel. A,hm~ad Channd 

sample Al b located ncar Ihe >O\lthern entrance of the A,hmcad Channel from the main ~hannd (Refer hack 

to Fig. 3b) and Iherefore demonstrate, Ihe grcate~ litloral innuen~e, calculated from th~ p~rcmt littoral 

foruminifera in ead, :;ample (fig. 4.2.2). The per~enl liuoral innucn~e decreasc;;s, "-' expt:~1~d, around the 

Ashmead ChanncJtowards ,ample A6. The confined, relaliyely shallow ~harHlel area ~au;;es wat.,,- to Jo;;e 

energy, and therefore holding ~apa.d(y, resulling in deposilion from the water ~olumn, with most marin~ 

Tnalcrial a~curnulaling neat the oouthern entrance of the channel whc,-e the change in hydrology i, gr~al~'t. 

lJue to accumulation occurring ea<t of the cau,e\\iay, one would expect the number of nOli-living tests to 

accumulate in thi< area. The percmtage of reworked material illcrease, around the Ashmead Challnel 

towards sample A6 (l'ig_ 4_22), pmving that dead material does accumulale e"-'t of Ihe ~au,eway, on the 

northern side of The' en Island. 
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Figure 4.2.2 Variation in percent littoral foraminifera and reworked foraminifera in thc A,hmead Channel. 
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Ammo"ia parki"sonitma is the dominanl species in the A,'hmead Channel, wh ieh is cxpected considering Ihe 

typically_estuarine .,alinities in this region of the estuary. N umoors of Ammonia parkimonhma are higher in 

the Ashmead Channel compa''Cd to main channel <;ample, J4 - 37 collected west ofThesen 1,land (Figures 

4.2.3 and 4.2.4). Main channel sample 37 is near to Ashmcad Channel .'ample A I, and main channel sample 

34 is west of the cameway (Refer hack to fig. Jbl. Main cham",1 sample 37 and Ashmead Channel sample 

A I display similar numbcrs of Ammonia l'arkim()l1iana species, whieh renc~1s the proximily of these sample 

,ites. The number of Amman;" parkinsooiGnG 'IJecies inc,ease considerably from sample Alto ,ample A6 

near the causeway. 

Numbe" [)f miliolids arC gencrally higher in the main channel of the estuary, compared to the Ashmead 

Channel, while l:!phid;um ,pccics do not show much variation in abundance between the main channel we,t 

of The;.;n Island and the Ashmead Channel (Figure 4.2.5 and 4.2.6). The presence [)f miliolids normally 

indicates hypersaline conditions (MtMillan, per.'. comm. and Wright er 01.,1990) and therefore inc,ea,e in 

abundance towards Ihe Kn)'l<na Heads, where water salinities increa,e to that of sea wateL Quinqueiacu/ina 

d"nkerquiana and Trilaculina "ubiangu", found throughout the Ashmead Channel, ru well a, Tril<x:ulin(1 

Irigoou/(1 and Trilaculin" Iri('(1rin"/,,, found in sediment' on the ea,tern side ofThesen Island, probably live 

in thc Ashmead Channel, since these SIJecie, thrive in waters with salinities slightly lower than s.ea water 

(Table 4.2.1). However, mi liolid spedes such as Milialin .. ll" subralUnda, Spirnlocu/ina c()mmuJ1is, ribbed 

Spirdaculma ,.p. and l'rihX'ulina / .. rqu~mi""". which normally live in 1ittot1l1 marine emironmcnts, wCrC 

probably washed int[) Ihe Ashmead Channel from the main channel together with OIhcr littoral foraminifcra 

and marine materiaL 
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Figure 4.2.3 Ammoniu parJem;'vni<m" numbers in the Ashmead Channel 
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Figure 4.2.4 Ammonia parJem;'vni<Ul" numbers in the main channel ncar the Ashmead Channel. 

w 

II ~ 

~ " 
~ w 

~ ~ 

~ 11 " LJ z ..., 
" 

.... 
37 (S) ~ " ~ M« 

Mail1 cha m el sa~1€ 

Figure 4.2.5 Numbers ofmiliolids and Elphidium :;pecics in the Ashmead Channd 
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Figure 4.2.6 Numhers of Miliolid and Elphidium >pecies in the main channel, sample, 34 - 37 

" 

'" Tota' EiphcJlL.m sp 

Foraminifera typical of littoral. ,hallow-marine environme"ts are more dominant in sediment, of the main 

ohannel than in the A'hmead Channel (Fig 4.2.7). Thi, i. to he ~xpect~d. sim'e ""dim.ont t}pe and water 

'Olliniti~.,.. temperatures a"d current aotivity in the main channel are more comparahle to the littoral ,hallow­

marine environments. The Ashmead Channel is prot..,led from turbulent current activity. has slightly lower 

water saliniti~s. warmer temperatures and riner ,ediment. 

Various saltmarsh <pecie. were found in the A,hmead Channel (Table 4.2.1). including Haplaphragmaides 

,,'i1berli, Tmdlllmmina i".flara, and .-11i1iammi"ajiJ.<ca (<ample AS and A6) Both lfaplophragnwide.< and 

l'rochammina 'p"~i~, are found living on the ,altmarsh SUITolmding The,en Island (Simp.on. 2001). and 

were probably washed into th~ A,hmead Channel. P""'ious ",s~ar~h in the A,hm~ad Channel by Simp.on 

(2001) abo recorded Mi/iammina fi«ca in the ",dimenl'i nonh of HIe,en J,land. down-,lope from the 

Knysna CRD area. ~oinciding with samples AS and A6. Since the pre<cn~e of .-\/mamminajus{"U in the 

""dim""t, indicates freshwaM influence. this area mllst he prone to prc~ipilation runolT from the ,urrounding 

urban ,lopes. No saltmarsh foraminifera were ",~orded in the main channel 'Olmpl~, near the Ashmead 

Channel Crable 4.2.2). 

Although numbers of the Elphidiella speci~s are relatively low in the Ashmead Channel. they are well 

preserved. and other than the one r<leoNed in main channel sampl~ 18. thi, is the only area in the Knyna 

E,tuary where thi, 'peci~, was recorded (Tabl~ 4.2.2). 

Table 42.2 Comparing A'hmead and nearby main channel <ample.; ,altmarsb and Elphidiella speci e< . . 
Ashmead Charmel A1 I A2 " M A; AO Main channet sample " " " " " Saltmarsh forams ,,~ 0 0 0 , 0 Saltmarsh forams 

EI hid/ella , , , E hidiella 
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Figu", 4.2.7 l.ittrtral foramin ifem in the /"hmc"d Channci c(\"'pa",d to neafhy main chanlle l sample, 

• • • 
il: 
~ 
~ , 
;; 

o 

Ashmead Channel; littoral foraminifera 

• -~ •• --
A&hmead Channel .ample 

Main chal'Vl81 samples west of These" 1s0i,";j 
littoral foraminifera 

80 

eo 

40 I I 20 • -0 
37 ($) " " " 33 (~ 

Vein channel sample 

Ljnoral fOIjU!!jnifCJJ! include, 

Ammonia japanica, Textularia conica. Gaudr),ina rut/b!. Spirop/~cli ... 4Ia "'P .. 

Glabratella 5p .. OoUna species, Jlomolr~ma rubrum. Lag~na sjX>cjes, Bulimina 

specie .. Pararotalia nipponica, Cibicide,,- refulg~"". Lobo/ula lobalu/a, Cibicidoide" 

5p., Planorbulina mediJefTan~nsb!. Acervuii1ltl sp .. Ro,,-alina bradyi. Rn~alina cj. 

globu/ariJ>, Poroeponide .. lalerali.<. and Gav"/inopsis praegeri. 
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4.2.5 FORA\.1TNTFEII.A ON I ~E1SURE lSLE SANDFLAT AND THE CHANNEL BEHIND I J:lTSURF ISLE 

"rh~ nllmbers of species remain' relatively constant aero" th~ ",nd flat. southwcst of T .ci.urc hlc, and in tl", 

channel behind T .~i"ur. Isle. However, tho numbers of total foraminifera vary from .<ample \0 sample (Fig. 

4.1.8). Foraminifera typical of lit\oral Hnd shallow-marine cnvironments are found in ahundancc around 

T.eisure lsle. Thi. is attrihutahle to: Firsl1y, the marine salinities and coostlont supply ofnc,," O~ean wate, 

with every tid"1 ~'yde favours thc survival offoraminifera that live in shallow-marine/littoral environment •. 

Secondly, the L~i'lLre Isle ,andfbt was tomled by the cootinllous deposition of ,cdimcn(, resulting Irom 

d""",as~d wavc cncrgy in this a,-"a when oceanic water is brought in through th~ tidHI inlet on the floOO-tide. 

F oraminife", Me dcpo5it~d on thc satl<l-bank adjoining Lei,me Isle, ,-",ulting in the accumulation of, main Iy, 

littoral foraminife ra. r"" foraminifera may be tran'ported by tidal actioo furthcr upotcean' into th~ Knysna 

Estuary. 

Figurc 4.2.8 Numhets of foraminifera; individuals and species across the Leisure Isl~ sandflat. 

L~isUfe ",-" undflat sampiM L 1·L9 3nd th ~ ch3noe] behind Leisure Isle (LO): 

" " " " co i"OO< "i.d. .... , <,....., .. 

~~~~=~~~--~~=~~~=~=-;""."~ ~s.peCle. of!a-raminifer. ____ t:l_~ divi<1ual !oramill~erQ L 

Estuarine species such a, Ammo"ia parkinso"iana (shown on Fig. 4.2.9), lhloculilla Irigunula, Elphidium 

arlicuiarum, Elphidium advenum and Quinqueiu<:u/ina dunkerquhma HrC relatively scar~e, arnJ some te5ts, 

especially QI.;nque/oculina dunkerquiana, are di5Colo"red and abmded. In ~ont!1lst, littoral species of 

foraminifera, such a, l'ararotalia nipponica, I'l000orbu/ina medilermllens;" Lobalula lubalula, 

Poroep"nide,5 lateralis. Cibicides re(ulgens, Elphidi/'m crispum, Eiphidium macellum. lhlocuiina 

/erquemianl1, Triloculina herthdiniana, loJi.liolinella .",hrolUnda, Ammonia japonica and agglutinared 

Tex/ularia conica and Gl1udrina rudis arc I'elatively ahundant acro" the entire sandflat (Fif',. 4.2.9). Well­

preservcd tcsts of shallow-marinc foraminifera such lI.\ Oulina, Lagena, and flu/imina .'pecics are al.", 

recorded in the sedjn'~nts ofthc LcisUfC Isle sa"dflat (Appcndix 4). F:lphidium cj alvaredanum. which is 
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relatively weI! preserwd in rome main-channc1.samplcs (18, 19. 29. 30, 36. an<! 37). i, recordL<I and well 

pre",,~d in all the Leisure Isle sandflat samples (Appendix 4). 

Figure 4.2.9 Distribution of the dominant specie, recorded acro"' the l.ei"IIe Isle sandfl~t 

.. 
• 
" • .. 
" 
" 
" • 
o 

, 
il 

Sample LU from the channel behind Leisure Isle and Leisure Islc sandflat samplc 1.3 have the highest 

diversity of foraminikra, duc 10 transport and deposition of sediment and foraminifera in these areas by the 

flood tide.. The channel behind Leisure Isle is pernumently filled with relatively shallow « 1m), lransparenl. 

oceanic w~ter (>34 "'"l. This chMlnel is ideal fur foraminifera on accounl of its adequate refuge from 

turbulel1\ "'lWC and currclJt actiOll, aloog wilh the relatively wann waters. particularly at low tide. a. a re,nit 

of being accessible 10 sunlighl penetration and Ihc shallow nature of the chlUlIleJ. 

Sample L9 is relatively rich in foraminifera due to its location beside the main channel. near the mouth of the 

Knysna Estuary. Foruminifcrn th.t reside in ,hallow-marine hahitats thrive in this area because of the 

constant supply of ocean water, and protection by Ine /leads. frorn the destructive action of breakers. Lower 

numbers of fonuuinifeIll further up the sandflat. aw~y from the main channel, can be the result of ty,·o 

ecological factOTS: Firstly, living forlllIlinifera in samples Lito L3 seem to be competing with relativcly high 

numbers of living ostracods, as mentioned in chapter 3.3 (Fig. 3.3.8). Secondly, this area is prone to 

d~'Siccation during low tide., which is unfavourable for foraminifera, and therefore moot of the foraminif= 

recorded On the: upper sandflat are oon-living (refer back to Fig. 3.3.6). l'yrgo, a two-chamber miliolid 

record~>d in slllIlplcs 1.3 and L6 was also found living on the Leisure Isle sand(]at and was not recorded 

elsewhere in !be estuary (Appendix 4). 
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4.2.7 rORAMINIFERA LIVING ON THE INTERTIDAL WETLANDS OF THE KNYSNA EsTUARY 

Above the Zostera (eelgrass) meadows on the bank~ of tlJe Knysna rsjuar}', i~ a rich a.semblage of 

saltmanh plants, which are varioosly inundated and expo=! during the tidal cycle. The intertidal marsb 

area, ofthe estuary cover an area of 1000 heclares (hal and are =ond in size nnly to Langebaan Lagoon 

on the west coast of South Africa (MBree, 20(0). The plant-species divet"Sity and di~lribution of these 

intertidal wetlands have been described by Mare<: (2000). The intertidal ",ltmarsh (850 ha). is dominated 

by SpaJ'lina maritima and halophytic marsh planl8 such as San:ocornw naliHen,;'< and Chenolea diffu.<a; 

"hereas !he esluarifle intertidal rush mar&b (150 ha). is dominated by Juncus kraussii. The Spar/ina­

dominated marsh areaS generally occur in the lower reache ~ of the estuary at a level between mean sea 

level and mean high-water neaps, wherea. the estuarine intertidal rush marshes in the middle to upper 

reache~ of the estuary are characterised by rednced ",linity, with the m,.-,;h surface occurring at a level 

between mean high-water neaps and mean high-waler springs (Adams el al., 1999). Studies by Simpson 

(2001)., Horton el a/. (1999), Jennings and Neioon (1992). Jenllings el a1. (1995), Soou and Medioli 

(1980a), Scott and Leckie (1990).. Scott e/ al. {I9%l and o(her~, have proved that foraminiferal 

assemblage~ in conjunction with changes in the sediment type and vegetation, also have chatllcteri~tic 

zones of accumulation from the channel to the upper-marsh area. (Fig. 4.2.10). 

Fignre 4.2.10 Variatioos in foraminiferal asiiemblages from the subtidal chmmel to the slipratidal mar,h 
environment. (diagram from: Simpson, 2(01) 

C.lc ... o,", fornrn;n;fe,-. 

~//~l 

LWS: low waler, springtide. LWN: low water, neap tide. MSL: mean sea level. HWN: high water, 
neap tide and ~IWS: high water, spring tide. 
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Three localities, labelled '<altm~rsh tran'~t' a, band c were chm..,n to oorrelate with ,altmarsh area. ,1udioo 

by Maree (2000). 'Transect a' is sited south-ea.t of T1Je<;en 1,land, opposite the Ashmead Channel and is 

rcprc<;cntative of saltmar,!;." of the lower e,tuary, 'Tmnse<;t b' located west of the Railway Bridge, i, 

repre>entali,e oflbc middle reaches of the e,tuary: and' T rans.ect c' i. ,jtuated north ofthe White Rridg,e and 

i, rep""entative of .altman.he, of the hyposaline, upper -estuarine region of the Knysna Estuary (Fig, 4.2,11)_ 

Saltmarsh 'a' and Saltmarsh 'b' have similar vegetative cover, dominated by Spartina maritima, Sarcocomiu 

nata/em;" and Chenolea diffusa (Fig. 4,2_11), and both transects consist of foraminiferal assemblage, 

comparable to the jntertidal saltmarsh areas surrounding Thesen "Iaml (Simpson, 200 I), 

Figure 4.2_11 Saltmarsh site , selecled fOr this study; located in the lower, middle and upper reaches oft1Je 

Kn~SIla F'tu~t),; and the d;.tribution of ",Itma"h vegetation arOllnd the estual)'_ 

, II Marsh 
Transecl c 

Transccl b 

n d." 0""'-'''''' 
."il=.''''''''''''''"'.'-'''~ ",-",,"'.' 
.~""""~.,,,-, ",.-.-~ 

_. ", "-"<"""'"""",,,," '"" "'''''., 
[J .... ,-~,~ .. ro""""'" 

H· Soc0c"cio,_,~ ''""'~ -' ''' ',' 
__ .'ie"' '-'" W""'~'",'I 

»: ""'=~'" OO"',· .•• ~· 
O'i "',"""",~' '''''''',"' S~II Marsh 

J",c..-,"~'"',~'" 

Diagram adapted from Maree (2000), Publi~ation m Transactions of the Royal Society 55 (2), for the 

Knysna Basin Project (1995 1998), 

Four ,ample. were colle<;ted a~ross Salml3r.h 'a', Sample 'a' I ;, ,ited in Lostera vegetative ~over, -70 m 

from the centre of the A,hmead Channel. Sample 'a' 2;, ,urrounded by Spartlna maritima. "I flO m from the 

channel. Sample' 'a'3 and 'a' 4 arc approx imatcly 150 m and 200 m, resp...;ti,ely, from the channel. located 

in haloph),tic marsh plants, Sarcocomia n",alemis and Chmolea diffusu (Fig. 4,2.11). After sample 'a' 4 the 
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sample, contain a moderate abundancc of organiC' (Fig. 4.2.18). Sample 'c' 2 ha.~ a greater mud fraction and 

more foraminifera (Fig. 4.2.19) than sample 'c' L llJili"mmil/G JUSt'" i, the dominant saltmar,h specics in 

th is regioo of th e estuary with l'rodIGmmina irrf/ata as the suh-dominant spoc ies (Fig, 4.2,20). Figure 4.2.21 

illustrates the , 'ariation in the dominating .pecies of foraminifera for the three selecto;:! saltmarsh .ites acro" 

the Knysna Estuary, 

Saltmar~h 'a'; south cast ofThcscn Island 

Figure 4.2. 12 Saltmar.h· a': So;:!iment grain ,ire analysi,. 

o sand [] mud I:l organic. i 
100% 

40% 

20% 

Sample 1 Sample 2 Sampte 3 S ~mp le 4 
.. amples co~ecte d lIP the tr~ nsect 

Figure 4.2, 13 Saltmar>h 'a'; Rdati,'e al>undanee offoraminifera across the salima"h 

Num ber olf",am irifer. pe 2Oll.~t 

,- ,--

Som plo 1 S o""", 2 Somplo l S om,... 

Figure 4,2, j 4 Saltmar>h 'a': Di,1ribution of the dominant foraminiferal species 

., 
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Transect 'h'; Saltmarsh west of the Railway Uridgc 

Figurc 4_2.15 Saltma"h 'b': Grain .ize analy, i. 

o sand EI mud U orgooics 
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Figu", 4.2.16 Saltmarsh 'b': Relative abundance of foraminifera up the ..,.Innar.;h 
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Figure 4.2,17 SaIl marsh 'b': Distribution of th~ dorn inant foram in iferal specics 
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Transect c: Saltmarsh north Qfthe White Bridge. in the upper reaches of the cstllMY 

Figure 4.2. 18 Saltm""h 'c'; Grain si~e anal~sis 

I 0 sa~ CO mud 0 organics 
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figure 4.2. I 'J Saltmarsh 'c', Relative abundance of foramini fera across lhc mar.,ll 
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sediments and the >ilie1\ered. I;,jrly ,hallow ,Hid rdati,"~ly "'''''' "ai.Crs of the ,ubtidal environment in the 

Ashmead Channel. 

l:j!'llLre 5. I F or"mil1 if~ral a"emblage:s and their distributioo in the Knysna Estuary 
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Fig"...: 5.2 Detennining regimes across the Knysna E'<Iuary with respect to; salinity clw"gc" p~r~~nj.ag~ 

linora! foraminifera. and foraminifera species numbers_ 
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figure So; Regime. (}f too Kny<na Estuary llCconling t() salinity gradi~nt" and f(}ruminiferal data: 

AI"" indicating the ma;n-charl,>el <ample Iocal;(}", relative to th ese regime._ 
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r igure 6_1. Prev ious industrial activities on Thesen Island. (Modified from GIBB Africa, 1999. Site 
Characterisalion SJudy - Pole yard ami ASJocialed Wood TrealmenJ Facililies. Previously 
from a CSIR document) 

~.- _. 

" '~li' 

Figure 6.2 Proposed redevelopment of Thesen Island (From GIBB Africa. 1999). Facinil, ><lu(h. 
The Eastern Head. Leisure Isle and the main channel aU appear in Ute vie .... . 

'1M", of T-..,," 1,1",,1 ,ft" , ,,,,,,,,,", , • .v~,,""' ot 
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Figure 6.3 Proposed reconstruction o[Thesen bland causewa} 

" 

COMP:\RJNGTIlE FQMMlliIFEMOf DIE KNYSNA ESIl'ARY WITH OiIIElll·:STI .~I{IN'. A",il OJ-l~HQR[ 

ENV IRONMEN IS .~I.ON( i Tlif. SOl rl"ll A!'llIC~ N (:QA5T. 

Many of the genera recorded in thi, .<tudy occur around much of th~ South AIi'jean coast and are lypical 

temrerate-water dwellers (Murray. 1973; McMillan. 1974). l1,e pre.sence of warm_ and /cmp<:rale-"'aler 

dwelkrs i, a timction ofthe latirudinal po.,itiou of the c.'tuary. Warm-waler plank1ic foraminitem are carried 

sou11,,'-ard by 1h~ Agulhas Currcn1 and t>ccom~ mix.ed with species more I}pical of the tern!"'mte area, of the 

west and south coas1. They may then be transported into [he Knysna Estuary by klng.shore drift and wave 

action. rhis section compares the foraminifera fOW1d in (he Kny_sna r"lual")' wilh foraminif~ra recorded in 

the Mgeni Estuary and the SI Lucia E,ruary on the east COllSt, as well as ou the Agulhas Bank on the 

contiuental _,heir off the _,outh coa,t of South Africa 

According to COOfl"r and McMillan (19871. the Mgeui EWl3ry ou the ~aSl coa,t of South Africa has similar 

foraminireml 3S_semblage8 to th~ Knysua Estuary_ !'iinet}-<;<;vcn :;peeks of 54 gcncm were recorded in the 

Mg~ni Estuary, which is similar to the 105 :;peeie« and 56 genera recorded in the Knysna Estuary. I Jowe~ er, 

only 46 'p<:c ie'. 44% of the Kny:;ua species trom the south coast, arc also found in the wanner waters of the 

Mgeni ES1uary ou the cast coast. Species COmmOn to both the Mgeni Estuary and the KnYhlla IOstuary 

includ~: estuarine spcci~s such as AmfIWl1ia parkinso"ia"a and H<I)-/1esina gl!rma"ica; all the saltmarsh 

spcci~'. Trodu,mmil1a il1jla{a, Hapl()phmgfIWides wilberli and Mi/iammil1ajusca; most t:lphidium ,!",cies, 

Elphidium <:rispum, Elphidium macellum, Elphldlum advel1um, Elphidhmr alvarezia""m and Elphidimn ct: 

gUl1lui; many miliO/ids, such as Quinqueloculil1(J du"kerquial1(J, Quinqueloculi"a "emim,Jum, 

Quil1que/oculil1a 'ala, Quinqueloculi"a curia, lrjfocu/i"a trigo"ula, 1 rUoculil1(J terqu"miunu, Trifocu/ifw 

100 
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foothilL Facing north-easl Simpson, 2002 
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nKnysna CRn Photograph from CSIR, Stellenbosch, 
:Note the main subtidal channel in lower left quadrant 
and the A .. shmead Channel around Thesen Island 

Causeway Photograph b:! K. 

;;;;;;;cl at causeway. 
Photograph by K. Simpson, during low tide (2002) Note accumulation of sedimenL 

Right; Aerial photograph oCthe Knysna Heads, 
Leisure Isle and the Leisure Isle ,andilal 
Photograph from CSIR. Stellenbosch. 
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,~ 
Left: salldflat at low tid~ Photographs taken from Leisure Isle by K Simp>oo, 2002. 

Railway Bridge side-channel in lower right quadrant. KnY5na 
Ocean in the backg-ound_ Photograph adapted fi'Oln '·Out There" magaLinc (Ju1r, 2001 issu~) 

Photograph by K. Si-npsor, 2:Xl2 Knysna Estuary PIeing somh_ Photograph by 
K. Simpson, 2002 



Univ
ers

ity
 of

  C
ap

e T
ow

n

water lilies on the water surfa~e Fa~ing north 
Photograph by K, Simpson, 2002 

Th,,,;;,;; 00 

Photograph by K. Simpson, 2002. 

water, the making up the channel bed and the vegetation on the banks 
There are no intertidal manhes in the upper-mo<;t reaehe<; oCthe Kny>Ila EstuaJY 
Facing south, Photograph by K. Simpwn, 2002, 
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Rock pool sediments; Kn.~sna Estuary 

BTcnt<Il """' pool .. """" fnoctj<:01, N~ 
mili<>id and clmgatc cchin.>id >pine •. 
(Maprifical;OIl 12.7Sx) 

Brenloo '''''' pool" \and fraLtim. Note 
Elphidiu," c,i,pum, 
(MagJ1iflcalim 12,75~) 

Brm"", ""' .. pool .. ,000 hc!iOrt. Note 
Elphidium e,I,,,,,,,, ond Ch .. /it"!;",,,lIa 
b,,*i 
(M>wllficalim 12.7Sx) 
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Brent"" rock pooh; cal"""",,, marine 
IMIcriol obundmt 
(M.gnificoHon 1.15x) 

Pink "aitling by Roo< Bengal ""Int;"". 
Pro/omd/a r:op."ui.' i. <Iorni"",,! shell 
'(lCck • . m,.hc in bon"" rijilJt <J!rJlCT 
(MagIliiicatlrn. >.l:>xl 

Main dIan",,1 «ample 19. 
Slight ly "bnoded P,,,,~lIa cl1p<!.,.i:t "i!h 
!>iv.h-c ,hell '0 left. (MagnifiC3!im .1.15,) 

Sbells o(tbe Knysna Estuary 

Hrentnn rock pool<: 
s-ht_ rock fragrnenu.. crucareous 
fragmeru &. Vw;urella ","'ahili.' ~ 
in ocntre. (MawMfica!ion 1.15x) 

Main <Wn",,1 """""" 2<1 • .10 and .14. 

Brenton rock pool,; 
Sandstone rock frngonem, 0t1d t>i'-alve 
s!lells. (Magnificati"" 3.1 ~'l 

Wen pres.ned ond .... oded P,,,,,,,,,,,/la cape",;,. N"",."-i,,, uau&si""", and 
.,ub-angnl..- quartzi.e grain •. (Magnificatim .1.15x) 
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Main Channel samples; Description table 

Sam Ie 

Date 

Low Tide 

Hi hTide 

Time 

GPSReadin 

Location Description 

1 

1610112002 

1 . 

23:41 

17:42 

05:39 

13:59 

Just upstream ofwe,ir 

Fresh water Iillies abundant 

0.5 

o 
o 

0.13333 

24.5 

Brown 

o 
o 
o 

2 

16/0112002 

23:41 

17:42 

05:39 

13:38 

33.99786 

23.00396 

- 1 00m before weir 

On Charlesford fann 

0.5 

2 

2 

0.5 

24 

Brown 

o 
o 
o 

3 " 16/0112002 1610112002 

11:26 11:26 

23:41 23:41 

17:42 17:42 

05:39 05:39 

12:00 11:48 

34.00585 34.00703 

23.01028 23.01604 

- 500m upstream of5.4 - 500m upstream of 5. 5 

Near cobblestone fa ids 

0.8 1.1 

16 18 

18 20 

0.3 0.1 

27 

J3 65 

3 2 

o o 

5 6 7 

16/0112002 1610112002 14/0112002 

11:26 11:26 10:22 

23:41 23:41 22:44 

17:42 17:42 16:41 

05:39 05:39 04:36 

il:08 10:47 11:46 

34.01089 34.00998 34.01473 

23.01824 23.01247 23.00474 

-9OOm upstream of5.6 -850m NE ofRe<! Bridge -500m upstream ofRe<! Bridge 

Hai in bend in channel Bend in the channel near nature reserve area 

2 1.6 1.4 

20 22 20 

22 24 25 

0.1 0.2 0.2 

25 25 26 

Brown Brown 

7.54 

dark brown 

103 100 28 

3 3 2 

o o o 
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Main Channel samples; DHCriptlon table (conll 

Sample 8 9 10 11 12 13 14 
Date 14/0112002 14/0112002 14/0112002 1410112002 14/0112002 14/0112002 1410112002 

I"ow Tide 10:22 10:22 10:22 10:22 10:22 10:22 10:22 

22:44 22:44 22:44 22:44 22:44 22:44 22:44 

HillhTide 16:41 16:41 16:41 16:41 16:41 16:41 16:41 

04:36 04:36 04:36 04:36 04:36 04:36 04:36 

Time 12:15 12:38 13:03 13:25 13:42 13::58 15:32 

CPS Readinl! ( OS ) 34.01622 34.01811 34.02104 34.0265 34.03027 34.03133 34.03288 

(OE) 23.00lOl 22.99748 22.99323 22.98809 22.99007 22.99151 22.99401 

Location Description Under Red Bridge Betw. Red & Old Bridge At Old Bridge Channel marker I Channel marker 2 Under N2 Bridge Channel Marker 3 

Deptb (m) 1.1 2.5 2.6 3 2.8 2.7 3 

'('%o) 19 23 27 29 30 30 31 

'%0) 29 24 30 30 30 31 31 

'(mis-I) 0.2 0.2 0.2 0.2 0.4 0.4 0.2857 

l'lltun (OC) 26 27 24.5 24 25 24 25 

Brown Brown Brown Brown r Almost clear Dark 

Visibility transparent transparent tran~ent transparent transparent ImvisibHity 1m visibility 

pH 7.5 7.31 7.59 7.77 7.72 7.8 7.74 

Sediment type coarse sand coarse sand coarse sand sandvmud coarse sand medium sand medium sand 

Sorting poorly sorted poorly sorted poorly sorted moderately sorted poorly sorted moderately sorted moderately sorted 

Roundness of III'alM an2Ular to suban2Ular an2Uiar to suban2Ular an2Uiar to subane:ular subangular to subrounded angular to subangular angular to subanglliar an~ar to suban2Ular 

Comments gravel abundant gravel abundant gravel abundant hiidl organic content Quartz + rock fralmtents QUartz + rock fragments Quartz + rock fragments 

no shells or ore:anics no shells or ore:anics few shell fragments eroding saltmarsh sediment few shell fragments few shell fragments no shells or ore:anics 

Sediment colour medium brown light brown light brown-wev dark brown-charcoal medium brown brown medium brown 

Number fOl'llms I20R sand 28 31 2 5 0 4 0 

Number species 1202 sand 2 3 I 2 0 I 0 

tittol'lll fOl'llmslinfinence (%) 0 3.2 0 0 0 0 0 
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Main Channel sampl"; Descrlptlon table (conl) 

Sample 15 16 17 18 19 20 21 ,,' 

Date 14/0112002 14/0112002 14/0112002 1510112002 15/0112002 15/0112002 15/0112002 

Low Tide 10:22 10:22 10:22 10:54 10:54 10:54 10:54 

22:44 22:44 22:44 23:12 23:12 23:12 23:12 

Hi2hTide 16:41 16:41 16:41 17:12 17:12 17:12 17:12 

04:36 04:36 04:36 05:08 , 05:08 05:08 05:08 

~ 
15:46 16:10 16:21 09:41 09:54 10:02 10:14 

34.03367 34.03345 34.03493 34.0368 34.04264 34.0473 34.0491 

(OE) 22.9971 23.00157 23.00469 23.00825 23.00634 23.00625 23.00915 

Loc.1IItion Description Channel Marker 4 Channel Marker 5 Channel Marker 6 Channel Marker 7 Channel Marker 8 Channel Marker 9 Channel Marker 10 

Near sandbank Next to sandbank. 

l)epth(m) 3.3 3 3.3 5 3 2.2 2.5 

Surface Salinity ( %oJ 33 36 36 32 30 30 30 

Bottom Salinity ( %0 ) 33 36 36.5 32 30 30 30 

Flow Velocity (mis-I) 0.3333 0.3333 0.3333 0.1666 0.5 O.g 0.8 

25 24 24 23 24 23 23.5 

Water Colour Dark blue-lUev green Dark blue-e:rev green Dark blue-e:rev IUllen Dark blue-e:rev lUeen Dark blue-lUev green Dark green-brown Dark green-brown 

Visibility pOOr - 20cm visibility transparent transparent transparent transparent 1 m visibility , 1 m visibility 

8.11 8 7.94 7.45 7.75 7.86 7.91 

medium sand medium-fine sand silt fi~_~ medium - fine sand 

moderatelY sorted very well sorted moderately sorted well sorted 

rounded 

Commeuts quartz dominant quartz rich high organic content gastropod shells present gastropod shells abundant some gastropods & bivalves some gastropods & bivalves 

no shells or organics no shells or organics forams are tiny organics present lots organics forams show abrasion forams show abrasion 

Sediment colour r medium brown charcoal 

Number {orams 120g sand 0 0 124 56 122 41 64 

Number species I'2Og sand 0 0 6 13 14 12 14 

Littoral (orams/influence (%) 0 0 5.65 32.1 15.6 56.1 52.6 
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Mlln Channel sampln; Oescriptionillble (cont.) 

Sam Ie 22 23 24 25 26 27 28 ... 

Date 15/0112002 15/0112002 15/0112002 15/0112002 15/0112002 15/0112002 15/0112002 

Low Tide 10:54 10:54 10:54 10:54 10:54 10:54 10:54 

23:12 23:12 23:12 23:12 23:12 23:12 23:12 

Hi hTide 17:12 17:12 17:12 17:12 17:12 17:12 17:12 

05:08 05:08 05:08 05:08 05:08 05:08 05:08 

Time 10:21 10:29 10:39 10:46 10:53 11:02 11:11 

34.04944 34.04834 34.04684 34.04479 34.04179 34.03978 34.03829 

23.01139 23.01442 23.01596 23.0172 23.01812 23.02011 23.02303 

toea tion Description Channel Marker Ii Channel Marker 12 Channel Marker 13 Channel Marker 14 Channel Marker 15 Channel Marker 16 Channel Marker 17 

Betw. Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Betw. Sandbanks Next to N2 Road 

1.8 2.7 1.8 3.5 2.2 3 6 

31 32 32 32 33 32 32 

31 32 32 32 33 32 32 

0.8888 0.8 0.8 0.333 0.30769 

24.2 24.2 23 23.5 24.5 24 24.5 

Water Colour Dark Dark Dark Green-brown-blue Green-brown-blue Green-brown-blue 

1m visibili l.5m visibili 30cmvisibili 

7.95 7.91 7.91 7.9\ 7.94 7.92 7.96 

medium - fine sand medium - fine sand medium - fine sand medium sand 
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Main Channel sampleS; Descripllon table (cont.) 

29 30 31 , 32 33 34 35;' "." 

Date I 15/0112002 15/0112002 15/0112002 15/0112002 

Low Tide 10:54 10:54 10:54 10:54 10:54 10:54 10:54 

23:12 23:12 23:12 23:12 23:12 23:12 23:12 

17:12 17:12 17:12 17:12 17:12 17:12 17:12 

05:08 05:08 05:08 05:08 05:08 05:08 05:08 

~ 
11:17 11:24 11:39 11:42 11:50 11:58 12:10 

34.03768 34,03982 34.04162 34.04154 34,04468 34,04748 34,0507 

(OE) 23,0269 23.03045 23.03349 23.03456 23.0383 23.04198 23,04353 

Loatioo Description Channel Marker 18 Channel Marker 19 Under Railbridge Channel Marker 20 Channel Marker 21 Near Channel Marker 22 Near red sandbar marker 
'n' Near sandbank 

~ 5 2.6 2 2.3 6 2.6 3 

Surfllce Salini %0) 32 33 32 32 32 32 32 

32 33 32 32 32 32 32 

0.3333 0.2666 0.1 0.1 0 0.57143 0.666 

24 24 

~ 
24,2 ;: 24 24 

[Wllter ;IOllr 
. 

poor ' 1m visibilitv moderate 

H 7.99 7,95 7.98 8.03 8.01 8.04 8 

fine sand 
, 

fine sand fine sand fine sand medium - fine sand fine sand fine sand 

well sorted well sorted well sorted well sorted well sorted very well sorted 

Roundness ofll'lllni subrounded subrounded subrounded subrounded subrounded subrounded subrounded to rounded 

Comments I'!lIStrooods abundant 2astroP, & forams abundant some 2astroDods 2astroDods abundant no organics organics present otz & calcareous rra2m. 
.. very clean sediment 

Sediment colour medium brown-grey medium brown-grey lil!ht brown- I!.J'eV Iil!ht brown- wev light brown- grey medium brown-grey light brown- grey 

Number fol'llmli':Z02 !lllId 125 136 107 64 39 44 123 

Number species 120g slInd 21 29 17 16 17 II 22 

Littol'lll fol'llmslinOuence (0A» 70 59.6 53.3 46,9 53,9 75 56.1 
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Main Channel samples; Description table (contI 

Sample 
. 

36 37 .'. 38 39··· ... ,., 40 '- 41 .. , '··42'· , ".' . -,}. 

Date 15/0112002 1510112002 1510112002 15/0112002 1510112002 1510112002 171011l002 

Low Tide 10:54 10:54 10:54 10:54 10:54 10:54 11:59 

23:12 23:12 23:12 23:12 23:12 23:12 

HIKhTlde 17:12 17:12 17:12 17:12 17:12 17:12 18:11 

05:08 05:08 05:08 05:08 05:08 05:08 06:10 

Time 12:17 12:34 12:42 13:13 13:26 13:44 13:38 

GPS Resdinl! ( oS ) 34.05489 34,06099 34.06447 34.0689 34.07251 34.0754 34.07743 

(OE) 23,04334 2304544 23.04816 23,05135 23,0534 23.05617 23.06062 

Location Description Near Channel Marker 24 Near Channel Marker 25 Near Channel Marker 26 Near Channel Marker 27 Just past Channel Marker 28 Entrance to The Heads Between The Heads 

2nd sandbar marker Near_green sandbar marker Near green sandbar marker Near green sandbar marker Near The Heads 

DepthC m) 4 5 6 6 8 8 10 

Surface Salinity ( %.. ) 32 32 33 35 36 36 35 

Bottom Salinity ( %.. ) 32 32 33 35 36 36 35 

Flow Velocity ( m/s-l) 0.666 0.666 0.57143 0,57143 0.8 1 1.2 

Water Temperature (OC) 24 23 23 23 22.5 22.2 23 

Water Colour dark green Green-blue Green-blue Crvs tallUeen-blue Crystal green-blue C:!Yl!ta1 green-blue Crystal green-blue 

Visibility transparent transparent transparent transparent transparent transparent transoarent 

pH 8 8,02 8.01 8,08 8.1 8.11 8.18 

Sediment type fine sand fine sand fine sand fine sand fine sand fine sand fine sand 

Sortin.l velY well sorted vel)' well sorted Vel)' well sorted vel)' well sorted vel)' well sorted vel)' well sorted Vel)' well sorted 

Roundness ohralns subrounded to rounded subroundedtorounded subrounded to rounded subrounded to rounded subrounded to rounded subroullded to rounded subrounded to rounded 

Comments Cltz & calcareous fragm, Cltz & calcareous fragm. Cltz & calcareous fflll(lll. Cltz & calcareous fflll(lll. Cltz & calcareous fiaJun. qtz & calcareous fragm. qtz & calcareous fiaJun. 

very clean sediment vel)' clean sediment some organics Vel)' clean sediment vel)' clean sediment Vel)' clean sediment vel)' clean sediment 

light brown- grey beige beige bei~e beige 

131 121 72 57 38 51 

27 44 36 20 13 11 15 

68 89.8 90.1 93 94.7 93 96.1 
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Extra collected around the 

Soot RIver sample 2 RalIbrld,e side c ........ d T'haen island ea_",y 1 1'I>esen bbmd ea-...y 1 Sew"ge outlet 1 Sewa,,, outlet 1 

1710112002 1710112003 1710112004 1710112005 1710112006 1710112007 

10:00 10:19 10:39 10:55 11:08 11:55 12:00 

34.03293 34.03698 34.03774 34.04337 34.04346 34.04642 34.04659 

23.02486 23.02466 23.03645 23.04826 23.04813 23.06751 23.06817 

I 00m upstream or AI SOUl River mouth Near N2 road. llIIder Just east of Causeway Just wesl of Causeway -SOn> from sewage outlel AI 

SOUl River mouth Railbrid " 

0.2m 0.6 2 3.5 2 0.3 1.5 

26 30 32 32 32 2 0 

26 30 32 32 32 2 0 

No No No No No No No 

Zero 0.13 0.4 0.15 ....(l.IS ....(l.IS 

25 24.5 25 2S 25 26 2S 

Clear Clear BI Brownish blue Brownish blue Ii I brown-clear L· 

7.37 7.6S 7.95 8.02 II 7.85 7.81 

relative clear 

Fine sand finc sand fine..medium . ed sand 

well sorted wen sorted wen sorted 

ar to .ubrounded 

enl "" 

Ii I 

3 12 5S 33 3 33 10 

3 4 21 II 3 12 4 

0% 0% 63.60% 57.58 60"10 87.88% 40% 
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Ashmead Channel 

b At A2 A3 A4 AS A6 

-Location . Ilcm from AI 750m fromAl Ilcm fromA3 800m from A4 100m from AS 

near causeway 

-L7m -Um -Um -Um 0.75m 1m 

t=~ "" 33 33 33 33 33 33 

moderate moderate moderate moderate Slower V_err slow 

·e) 23 23 23 23 23 23 

clear lUeen-brown clear lUeen-brown lUeen-brown brown 

pH 8 8.02 8.1 8.1 7.9 7.86 

I~ 
good moderate moderate moderate poor very poor 

.. 
sand fine sand mud-rich sand mud-rich sand 

Sorting well sorted well sorted well sorted well sorted well sorted 

=meou 
subanguiar- subrouoded subanguiar- subrounded subanguiar subanguiar- subrounded subangular- subrounded 

Eelgrass present Oots organics) few organics Eelgrass present Oots organics) moderate amt organics organics abundant organics abundant 

Sand fraction dominant Shell -rich mud-rich mud-rich sediment gritty sediment gritty 

abundant marine material abundant marine material some marine material some marine material marine components - few and abraded marine components - few and abraded 

FOnlminlfcnlllOg sand 88 29 122 92 68 91 

Fonminifcnli Species 1l0!z sand 27 II 29 21 13 1\ 

% Iittol'1ll1 shallow marine rOnlms 84.09 93.01 77.68 72.82 45.58 26.37 

0,(, reworked forams 3.04 5 7.4 11.% 22,06 29.67 

Distanee from sample I to sample 6 = 4krn 
Marine material = echinoid spines, sponge spicules, gastropods, bivalves, etc, 

Sample A2 contains abundant shell material, including Pr%melia capensis, Loripes clausius and Solen capensis. 
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Marine dominated saloples Collected in March 2002 

Leisure isle sandflat Brenton Noetzie Noetzie 

o -1m at low tide 30cm at low tide -I Scm at low tide above water -2Ocm at low tide 

relati 

well sorted 

sub-rounded 

r 
19 25 

35 14 1 1 

100",4 100% 100% 100% 100% 

Marine material ("''''<tmnOOl~ bivalves, echinoid spines, sponge:-SIl'ICuJes, bryozoa, ophioroid oseicles, serpulid worm tubes, algal fragments, etc.) 
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Table 3 

>2mm >500~m and <2mm <500~m and >63~m 
Main channel sample % gravel % sand %sand 

sample 1 18.224 60.048 21.690 0.038 
sample 2 6.143 28.579 63.957 1.321 
sample 3 65.576 20.535 13.550 0.340 
sample 4 38.715 47.103 12.457 1.725 
sample 5 12.272 23.373 59.189 5.165 
sample 6 42.438 37.295 17.748 2.519 
sample 7 1.303 58.604 35.973 4.119 
samme8 0.000 43.423 50.029 6.548 
sample 9 0.000 30.500 62.322 7.178 

sample 10 0.000 42.428 42.607 14.965 
sample 11 0.000 19.467 39.976 40.557 
sample 12 0.000 37.256 54.447 8.297 
sample 13 0.000 35.485 49.197 - 15.318 
sam~1e 14 0.000 58.162 41.006 0.832 
sample 15 0.000 16.103 82.893 1.005 
sample 16 0.000 5.961 93.243 0.796 
sample 17 0.000 0.000 19.551 80.449 
sample 18 0.000 11.057 70.780 18.164 
sample 19 14.163 4.608 70.802 10.428 
samJ)le 20 0.000 2.776 96.930 0.294 
sample 21 0.000 1.970 97.728 0.302 
sample 22 0.000 0.931 98.632 0.437 
sample 23 0.000 10.761 88.691 0.548 
sample 24 0.000 12.609 87.092 0.299 
sample 25 0.000 7.661 92.285 0.054 
sample 26 0.000 2.030 97.508 0.462 
samme27 0.000 1.112 98.461 0.427 
sample 28 0.000 3.368 96.632 0.000 
sample 29 2.372 7.934 77.668 12.026 
sample 30 3.410 2.658 91.239 2.693 
sample 31 0.000 0.349 99.371 0.281 
sample 32 0.000 2.950 96.880 0.170 
sample 33 0.000 6.897 93.103 0.000 
sample 34 5.490 1.911 85.285 7.314 
sample 35 0.000 1.825 98.059 0.116 
sample 36 0.000 0.561 99.120 0.319 
samj:lle 37 0.000 0.323 99.198 0.478 

0.000 0.676 98.375 0.949 
sample 39 0.000 2.228 97.772 0.000 
sample 40 0.000 1.904 98.096 0.000 
sample 41 0.000 2.019 97.981 0.000 
sample 42 0.000 1.743 98.257 0.000 

Extra samples ";I, gravel (>2mm) % sand (>500~m & <2mm) % sand «500~m & >63~m) % mud «63~m) 
1 0.000 22.779 73.692 3.529 

Sout River 2 0.000 8.977 90.289 0.734 
Railbridge 6.685 3.451 73.817 16.046 
Thesen causeway 1 0.422 3.182 91.318 5.077 
Thesen causeway 2 2.810 23.428 73.482 0.279 
Ashmead channel A 1 0.000 0.351 95.150 4.499 
Ashmead channel A2 37.235 0.220 61.853 0.692 
Ashmead channel A3 7.947 0.200 86.872 4.981 
Ashmead channel A4 3.133 0.150 76.018 20.699 
Ashmead channel A5 1.926 0.053 59.378 38.643 

IAshmead channel A6 1.956 0.000 65.076 32.968 
Sewaae outlet 1 0.000 0.000 96.412 3.588 
sewaae outlet 2 0.000 0.127 95.873 4.000 
Leisure Isle sandflat L 1-U 0.000 3.161 96.839 0;000 
Channel behind Liesure is 0.000 2.615 97.385 0.000 
Brenton beach ahw 0.000 2.651 97.349 0.000 
Brenton beach blw 0.000 3.707 96.293 0.000 
Rockpools near Brenton 19.843 24.419 55.738 0.000 
Rockpools at Noetzie bea 19.500 24.470 56.030 0.000 
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EXTRA SAMPLES AROUND THE KNYSNA ESTUARY 

SOUl RIVER SAMPLES 1 AND 2 sample 1 components 

Qtz immature, unsorted, angular. ostracods 3 species 

Same Coram assemblage and sediment texture as upper estaury sample 1 components 

sample 2 closer to the main estuary ostracods 2 species 

FOl'lllminifera of Sample 1 Foraminifera of Sample 2 

Miliammina fusca Miliammina fusca 5 

narrow Triloculina sp. Ammonia parldnsoniana s.1. 3 

rounded quinqu sp with no tooth I small Quinqueloculina sp. 3 flat tooth with two points 

Number species 3 Trochammina inflata 

Number forams 3 Number species 4 

Number forams 12 

RAILBRIDGE SIDE CHANNEL 

Foraminifera sample components 

Elphidium cf. advenum 8 ostracods 4 species. 

large flat ribbed Quinqueloculina sp. 6 (aperture on neck) 

Pararotalia nipponica 5 (mainly reworked) 

Elphidium articulatum 4 

Triloculina tricarinata 4 

Quinqueloculina lata 4 

Elphidium crispum 3 (I reworked) 

3 

Trochammina inflata 2 

Ammonia parldnsoniana s.l. 2 (small) 

Large flat Triloculina sp. 2 (aperture on neck) 

Haynesina germanica 2 

Globigerina quinqueloba 2 

Haplopbrngmoides wilberti 

Triloculina trigonula 

keeled finely grooved quinqu sp. (y tooth) 

globular miliolinella sp. 

Lobatula lobatula 

Rosalina cf. globularis 

Gavelioopsis praegeri 

Pink globular foram sp. 

Number species 21 

Number forams 55 

SEWAGE OUTLET SAMPLES 1 AND 2 

Ostracods abundant with various species 

Some serpulid worm tubes and shell fragments 

FOl'lllminfel'lll of sample 1 Foraminifel'lll of sample 1 
Pararotalia nipponica 12 small Quinqueloculina sp. 4 

fat Triloculina sp. 3 Ammonia parkinsonililla s.l. 3 

Lobatula lobatula 3 Haynesina germanica 2 flat tooth with two points 

Trocbammina inflata 2 Trochammina inflata 

Ammonia parkinsoniana s.l. 2 Number species 4 

Elphidium crispum (1 reworked) 2 Number forams 10 

small Quinqueloculina sp. 2 

Cibicides refulgens 2 

Rosalina c( g10bularis 2 

Elphidium cf. advenum 

Cibicidoides sp. 

Globigerina calida 

Number species 12 

Number forams 33 
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ASHMEAD CHANNEL SAMPLES 
collected 30/0312002 

Foraminifera listed from most abundant in """h sample. to leasl ablll'ldanl 

All Elphidium crispum are broken and abl1!ded 
All Ammoniajsponi""(med size) abraded; washed into channel copopod. 

organics 
Broken echinoid spines & sponge spicules 

E1phidiela sp, are perfect in """'pie 5, oowewr one broken elphidiella in ..",ple I. 
Milliolids all abrad«!, thus probably washed into channel 

Sample Al 
Elphidium or. artieulalum (glob, chambers) 
Ammonia parkinsoniana 5,1. (small) 
NeogloOOquadrina pathyderma (juveniles) 
Elphidium artieulalum 
Trilowiina "obIOl'lga" 
Globigerina quinqueloba (juveniles) 
Quinquel"""lina seminulum 
Quinqueloeulillll dunkerquiana 
Pararotalia nipponi"" (2 reworked) 
Brimlina paeudopuntala 
Romlina of, globulari. 
O<llillllmelo 
MiliolineUa subrotunda 
L<>batula lobal"l .. 
Globorotalia inllata 
Elphidium crispum 
Spiroluoolillll communis 
Pink globular foram 01', 
Ooti"" hexagona 
Nonion bou"""us (reworked) 
Haynesina germanica 
Haplophragmoides canariensis (from saltmarsh) 
Galandulina 
Elphidium m"""Uum 
Elphidium cf alvarezianum 

cf. advenum 

Numberspecies 
Number Foraminifera 
% IiI/oral Influence 

S."'pIeA4 
Ammonia parkinsoniana • .\, (med-Iarge) 
Elphidium of, articulalum (rounded shape) 
Miliolinella subrotunda 

Pl!ll'!ll'OIaIia nipponiea (reworked) 
Ammonia jsponica 
Elphidium of, articulalum (glob, chambers) 

Elphidium crispum (reworked) 
Triloculina ·oblooga· 
Triloculina trigonula 
Elphidium advenum 

saltmarsh) 
Triloculina tricarinala 
Triloculina re.quemiana (reworked) 
QuinqueloeuH"" seminulum 

Cibicides refulg,,"' 
Rosali"" cf globulari. 
Lenticulina sp, 
Cyclogyra orbitula 
Number species 
Number Foraminifera 
~ /illorallnfluence 

THE SEN ISlAND CAUSEWAY FORAMS 
TIt""", isI811d """'pie I (east of Inoxt 10 ~ay) 
Tbesm i.land """'pie 2 (west or causeway) 

F ...... "'inlr ..... or Sample 1 

21 
9 
7 
6 
5 
S 

2 
2 
2 
2 
2 
2 

27 
88 
84.09 

15 
11 

4 
4 

4 
4 

4 
3 
2 

21 
92 
72,82 

Ammonia parkinsonian •• ,1, II 
Pl!ll'!ll'OIaIia nipponi"" 7 
Elphidium erispum 3 
small Quinqu.loculi .... sp,(tooth = flat & two point 3 
Cibicidas refulgen. 2 
L<>balul. lobatul. 2 
Elphidium cf articulolUm 
Quinquelowiina dllllkerqui""a 
Quinqueloculinacontorta 
Poroeponidas laterali. 
Rosalina of globularis 
Number 'pecies 
Number Foraminifera 

I 
II 
33 

Elphidium articulatwn 
Elphidium cf. articulalum (glob, chambers) 
Ammonia parkinsoniana • .I. (small) 
Elphidium cf alwrezianum 
Elphidium IlUICClllum 
fat Triloculi"".p, 
Quinquelocul;n. dunko'"ui"". 
Quinquelocuiina seminulum 
Mil;olinella subrotunda 
P""""tali. nippol'ljea (reworked) 
Number species 
Number Foraminifera 
% III/ora/Influence 

SampleA5 

8 
1 
6 

II 
29 
93,01 

Ammoni. parkinsoniana .. 1. (most large. various sizes) 28 
Elphidium of, articullllum (""",ded shape) 13 
Elphidium of articuiatum (glob, cllarnbers) 

Elphidiell. sp, (well p......"ed) 
Ammoniajsponiea 3 
Miliammina f" .... (from upper estuary mudflats ?) 2 

Triloculin. "oblonga" 2 
Pararotali .. nipponi"" (reworked) 2 
Oolinamelo 2 

eri.pum (reworked) 

Bulimina el""gaIa (well pesenred) 

Nonion bo""""u. (reworked) 
Numberspecies 13 
Number Foraminifera 68 
% /illora/influence 45,58 

Foraminifera of umple '1 
Ammonia parkinsonian&. s.l. 
Quinquelooulina dunkerquiana 
Pararotalia nipponi"" 
Numberspeciu 
Number Foraminifera 

I 
3 
3 

Saml'leAJ 
Elphidium cf, orticulalum (glob, chambers) 
Elphidium articulatum 
Triloculina "oblonga' 
Miliolinella subrotunda 
Ammonia parkinsoniana .. 1. (small) 
Quinquelooulina lata 
Quinqueiocul;"" seminulum 
Quinqueloculin .. dunkerquiana 
Pararotalia nipponi"" (reworked) 
Globigerina sp, (juveniles) 
Elphidium crispum (reworked) 
Tnloeuli"" tricarinala 
Ammonia jsponica 
Elphidium of. articulatum (rounded shape) 
Elphidiella '1', 
Tnloouli"" trigonul .. 
Triioculina t ... "ueniana 
Miliolinella .iroulari. 
Gavelinop,is P""'lleri 
Lenticulina sp, 

Elphidium of, odvenum 
Elphidium of, alwrezianum 
Cibicides rofulg ..... 
Ooiina sp, A (McMillan, 1987) 

Cytlogym orbicul. 
G1obbigariooides ruber 
flat Planularia sp, 
Number species 
Number Fomminifera 
% littorollnfluence 

SampleA6 

saltmarsh) 

20 
13 
II 
II 
9 
8 
6 

4 
4 
3 

2 
2 
2 
2 
2 
2 
2 
2 

29 
122 
77,86 

Ammonia parkinsoni_ 5,\. (large in size) 53 
Elphidium of, articulalum (rounded shape) 18 

Pararotalia nipponi"" (reworked) 5 

T,ooharnmina iuflata (from saltmarsh) 
Elphidium of, articulatum (glob, chambers) 
Elphidium crispum (reworked) 3 

Mil.iom,miJ,af"""," (fi:om upper estuary mudllats 7) 

Elphidium articulatum 
Rosalina cf globularis 
Globigerina sp, 

2 

Numberspecles II 
Number Forciiiilnifera 91 
~ littomlinjhlence 26,37 
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LEISURE ISLE SANDFLA T SAMPLES 
Number offoraminifem per 20g sand 

L 1 near Leisure isle. Sample L9 at the main channel) 

Qtbf[ umple companen ts 
serpulid worm tubes 
ostracods 
glass sponge spicules 
various gmitropcx!s 

SampleLl 
Lobatula lobatula 
Pararotal ia 
Elphidium cr. articulatum 
Quinqueloculina dunkerquiana 
Elphidium crispum 
Cibicides refulgens 
Miliolinella subrotunda 
Poroeponides lateralis 
Elphidium cf. a1varezianum 
Quinqueloculina lata 

Planorbulina meditermnensis 
piece ofHomotrema rubrum 

Elphidium macellum 
Quinqueloculina seminulum 
Cibicidoides speudoungerianus 
Ammonia parkinsoniana s.l. 
Triloculina terquemiana 
Triloculina bertheliniana 
Quinqueloculina contorta 
Spiroluculina communis 
Miliolinella circularis 
Textularia conica 
Acervulina sp. 
Hyalinea balthica (reworked) 
Number species 

Number forams 

bivalves 
calcareous algal fragments 
echinoid spines 
bryozoans 
ophioroid oscicles 

SampleL2 
14 Pararotalia nipponica 
1\ Elphidium cf. articulatum 
9 Lobatula lobatula 
8 Ammonia japonica 
7 Elphidium crispum 
7 Quinqueloculina dunkerquiana 
5 Miliolinella subrotunda 
4 Cibicides refulgens 
3 Ammonia parkinsoniana s.l. 
3 Quinqueloculina contorta 
3 Poroeponides lateral is 
3 Pink globular foram sp. 
3 Elphidium macellum 
2 Elphidium advenum 
2 a1varezianum 
2 Triloculina terquemiana 
2 finely ribbed Quinqueloculina sp. 
I Cibicidoides speudoungerianus 

Cibicidoides sp. 
Planorbulina mediterranensis 
Acervulina sp. 
Rosalina bradyi 
Rosalina williamsoni 
piece of Homotrema rubrum 
flat Planularia sp. (reworked) 
Number species 

26 Number forams 

97 

16 

IS 
7 
6 
6 
6 
6 
6 
5 
3 
3 

3 
2 
1 

25 
96 

Sediment discriplion 
fine-medium grained 
similar to Brenton beach samples 
angular to subangular 
clean sediment 
well sorted 
calcareous fragments abundant 

SampleL3 
Pararotalia nipponica 
Elphidium cf articulatum 

- Elphidium crispum 
Lobatula lobatula 
Planorbulina meditermnensis 
Ammonia japonica 
Elphidium macellum 
Cibicides refulgens 
Quinqueloculina seminulum 
Poroeponides lateral is 
Ammonia parkinsoniana 5.1. 
Miliolinella subrotunda 
Quinqueloculina dunkerquiana 
Textularia conica 
Triloculina terquemiana 
Narrow Quinqueloculina sp. 
piece of Homotrema rubrum 
Quinqueloculina contorta 
Acervulina sp. 
Haynesina germanica 
Pink globular foram sp. 
Globigerinella equilateralis 
Elphidium articulatum 
Elphidium advenum 
Elphidium cf. alvarezianum 
Triloculina tricarinata 
Triloculina bertheliniana 
Triloculina sp. 
ribbed Spiroloculina sp. 
Pyrgosp. 
Graudryina rudis 
Lagenasp. 
Oolinamelo 
Gavelinopsis pmegeri 
Bulimina orangensis 
Globorotalia inflata 
Number species 

Number forams 

24 
17 
14 
13 
10 
8 
7 
7 
6 
6 
5 
5 
4 
4 
3 
3 
3 
2 
2 
2 
2 
2 

36 
163 
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Sample L4 SampleLS SampleUi 
Pararotalia nipponica 18 Pararotalia nipponica 19 Pararotalia nipponica 33 

Elphidium crispum 10 Lobatula lobatula \I Elphidium crispum 16 
Ammonia japonica 8 Elphidium crispum 8 Cibicides refulgens IS 
Lobatula lobatula 8 Cibicides refulgens 7 Ammonia japonica 10 

Poroeponides lateralis 7 Planorbulina mediterranensis 6 Lobatula Iobatula 9 

Cibicides refulgens 6 Poroeponid es lateralis 5 Planorbulina mediterranensis 9 
Quinqueloculina dunkerquiana 4 Quinqueloculina dunkerquiana 4 dunkerquiana 5 

Elphidium cf. articulatum 3 Miliolinella subrotunda 4 lateral is 5 

Elphidium advenum 3 Ammonia japonica 3 Elphidium advenum 4 

T riloculina trigonula 2 Elphidium macellum 2 Miliolinella subrotunda 4 

Ammonia s.l. Pink globular foram sp. 2 angular quinqu sp with no tooth 3 
Elphidium cf. a1varezianum Ammonia parkinsoniana s.1. 5.1. 2 

Elphidium macellum cf. articulatum Elphidium macellum 2 
Triloculina terquemiana Elphidium articulatum Quinqueloculina seminulum 2 

Quinqueloculina lata Elphidium cf. alvarezianum Spiroluculina communis 2 

Miliolinella subrotunda Triloculina trigonula Graudryina rudis 2 
Textularia conica Triloculina tricarinata piece of Homotrema rubrum 2 

Cibicidoides speudoungerianus Quinqueloculina seminulum Elphidium cf. articulatum 
Planorbulina mediterranensis Quinqueloculina contorta Triloculina trigonula 
Acervulina sp. Graudryina rudis lata 
Rosalina bradyi Cibicidoides speudoungerianus Pyrgo sp. 
Rosalina cf. globularis Acervulina sp. Agglutinated 
Bulimina elongata Haynesina germanica Textularia conica 
Pink globular foram sp. Glabratella australensis Spiroplectinella sp. 
Cancris auricul us Number species 24 Cibicidoides speudoungerianus 
Nonion boueanus (reworked) I Number /orams 84 Cibicidoides sp. 
Number species 26 Acervulina sp. 
Number /orams 85 Glabratella sp. 

Planispirillina sp. 
Number species 29 
Number /orams 137 

SampleL7 SampleLS SampleL9 
Pararotalia 17 Pararotalia nipponica 23 Pararotalia nipponica 35 
Elphidium crispum 12 Cibicides refulgens \0 Lobatula lobatula 14 
Lobatula lobatula 8 Poroeponides lateral is 8 Elphidium crispum 12 
Cibicides refulgens 7 Lobatula Iobatula 8 Planorbulina mediterranensis 12 
Ammonia japonica 5 Planorbulina mediterranensis 8 Poroeponides lateralis 11 
Quinqueloculina dunkerquiana 5 Ammonia japonica 6 Ammonia japonica 10 
Poroeponides lateral is 5 Elphidium crispum 4 Cibicides refulgens 8 
Ammonia parkinsoniana s.l. 4 Elphidium macellum 4 Elphidium macellum 7 
E1phidium macellum 2 advenum 2 Elphidium advenum 6 

trigonula 2 Quinqueloculina dunkerquiana 2 Textularia conica 6 
Planorbulina mediterranensis 2 Pink globular foram sp. 2 Quinqueloculina dunkerquiana 5 
Elphidium cf. articulatum Ammonia parkinsoniana s.l. Graudryina rudis 4 
Elphidium advenum Elphidium cf. a1varezianum Elphidium cf. articulatum 3 

cf. alvarezianum T riloculina tricarinata Quinqueloculina seminulum 3 
Triloculina terquemiana Quinqueloculina seminulum Ammonia parkinsoniana s.l. 2 
Quinqueloculina seminulum Quinqueloculina contorta cf. a1varezianum 2 
Miliolinella subrotunda Miliolinella subrotunda 2 
Graudryinll rudis Textu!aria conica Miliolinella subrotunda 2 
Cibicidoides speudoungerianus Cibicidoides speudoungerianus Acervulina sp. 2 
Acervulina sp. Acervulina sp. Triloculina terquemiana I 
Gavelinopsis praegeri Glabratella australensis Quinqueloculina contorta 
piece of Homotrema rubrum Oolinamelo Glabratella australensis 
Pink foramsp. bradyi I Gavelinopsis praegeri 
Number speCies 23 Number species 23 Pink globular foram sp. 
Number /orams 81 Number /orams 89 Globigerina sp. 

Globorotalia inflata 
Chrysalidinella dimorpha 

cf. healyi (reworked) 
Number speCies 28 
Number /orams 155 
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CHANNEL BEHIND LEISURE ISLE (LO) 

Pararotalia nipponica 37 
Ammonia japonica 20 

Planorbulina mediterranensis 18 

Cibicides refulgens 16 

Elphidium crispum 14 

Lobatula lobatula 14 
Elphidium macellum 11 

Poroeponides lateralis 10 

Triloculina trigonula 8 
Ammonia s.l. 7 

Elphidium cf. articulatum 4 

4 
Miliolinella subrotunda 4 

3 
Elphidium articulatum 2 
Triloculina ·oblonga· 2 

Triloculina tricarinata 2 
Qui~queloculina contorta 2 

Graudryina rudis 2 
Acervulina sp. 2 
Elphidium cf a1varezianum 
Quinq!Llel(lCUllina cf vulgaris 

Quinqueloculina dunkerquiana 

Quinqueloculina seminulum 

Miliolinella circularis 
Textularia conica 

Cibicidoides speudoungerianus 

Lagenasp. 
Pink globular foram sp. 

Globigerina sp. 
Cancris auriculus 

Number species 
Number !orams 

31 
193 
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SURFACE WATER AT THE HEADS 

Miliolinella subrownda 
Cibici<l .. ",I\11_ 

Pink &lobular fo!'lUllsp. 
MJm/Jer~s 
Numbe,fonIms 

KNVSNA HEADS ROCK POOLS 

Fe......mll'e .... 
PIanori>uI.ina medilemlnonsis 
Lobolulalobolul. 

TOl<IuIaria OOIlica 
piece of Homotreml. rubrum 

Triloculinatricarinala 
Trilo<:ulina lorquemiona 

piece Nubecularialw:ifugo 

BRENTON BEACH SAMPLES 

9 
3 abraded, reworked 
2 
1 recrystaJized and rocalcilied 
1 

1 juviniles. unknown species 
9 

21 

48 
26 

18 
16 
IS 
14 
13 
13 
13 
12 

4 
4 
4 

35 
254 

_""ods - 6 species 

clean sediment 

Below low watv; waft dominated Uttontlzone 

F.......mif .... _ .. low ... terl DIt ...... .-

Lenticul .... sp. 

27 
22 
18 
14 
14 
10 

6 
3 
3 

1 

24 
139 

Sediment disqiption 
QworIzdomimonl 

obW1d.mt marine materia! 
clean sediment 

--broken echinoid .p ..... 
ostracods: 2spocimens, same species 

BRENTON ROCK POOLS 
F."""" from =-ted Pleistocene deposits 
F ........... r .... 

20 
17 
\I 
8 

wellpr ... rved 
well preserved) 

_tPleisl""""e) 

6 (Reworked from tho Eooone) 
S 
4 
3 (large, ,eworked) 
3 
2 

I (Reworked from Miocene) 
14 
114 

_00 __ pie; -...""", __ """" 

Severely WI"" swept ....... ooIy ohiek walled rorams p......"ed 
F."""iuIf .... 1n _II _. obo .... lllch ... ter ""'"' 

lS 
12 
112_ed 

4 
440%_ed 
3 typical of continental she~ 
3 
2 
2 

14 
76 
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HOETZIE IilEACH SAND 
Fo_ ... 
PI!.\'IroIaIia oippollica 

Sediment discrjDtion 
Quam: dominant 
WoIlSOl1ed 
IUbangular- subrounded grains 

10 (80% reworked) 
2 (lI"g', reworked) 
2 (abrededl reworked) 
2 (Reworked from late Pl~) 
I 
I (abraded, <lI'lIIlge, reworked) 
I 
7 

19 

HOETZIE ROCK POOLS 
l'onmlDlt ..... 
ChoI!~ bredyi 

li'aBments abundant 
abundant marlne material 
clean.edimOllt 
similar to Brenton rock pools 

7 (Reworked: late l'leist""",.) 
5 (reworked) 
5 (ro""dedl abraded) 
4 
2 
I (rounded! abreded) 
I (abredod. _ reworked) 
7 

25 
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APPENDIX 5 

Scanning Electron Microscope (SEM) images of identified foraminifera species urlhe Kny~n.a 

Estuary 

PLATE 1 

Row 1 a Ammonia parkimmnianll, ventral view 

Row 1 b Ammonia parkimmni(1na, \'en(ral view 

Row Ie Ammonia parkinsonim1<l, ventral view 

Row 2a Ammonia parkinsoniana, ventral view 

Row 2b Ammonia parkinsoniana, ventral view 

Row 2c Ammonia parkinsoniana, oblique-ventral vicw 

Row 3aAmmonia parkinsoniana, ventral view 

Row 3b Ammonia parkinsoniana, ventral view 

Row 3c Ammonia parkin,wnian(1, ventral view 

Row 4a Ammonia parkinsoniana, ventral view 

Row 4bAmmonia parkimmnian(1, ventral view 

Row 4c Ammonia parkinsoniana, dorsal view 

Row 5a Ammol1ia parkinson/ana, dorow.l view 

Row 5bAmmonia parkinsoniana, dorsal view 

Row 5c Ammonia parkinsoniana, dorsal view 

Row 6a Ammonia parkinsoniana, dOT""'] view 

Row 6b Ammonia parkinsoniana, dorsal view 

Row 6c Ammonia parkinsoniana, dor""'] view 
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PLATE 2 

Row la j,Jphidium erhpum, side view 

Row 1 b Elphidjum erispum, side view 

Row Ie lo'iphjdjum crisp"m, side view 

Row 2a Elphidium crisp"m, septal hridges, high magnification 

Row 2b Elphidillm crispum, septal hridges, high magnification­

Rvw 2c Flphidium crispum, septal bridges, high magnification 

Rvw 3a Ffphidium cri5pum, euge view 

Row 3b tJphidium macdlum, siue view 

Rvw 3c tJphidium macd!um, umbilical area, high magnification 

Row 4a Elphidium cf alvarezjanllm, side view 

Row 4h Efphidillm cf advenum, side view 

Row 4c F./phidium adwnum, side view 

Rvw 5a F!phidium cf arriculalum, side view 

Row 5b l!.lphidium arlie"I"lum, side view 

Row 5e Efphidjum cf arfiClliafllm, side view 

Row Ga Flp/zidium cf arricu/aru/ll, side viCl-v, high magnillealioll 

Row 6b t.'1phidium cf al'licu/a/um, apenuraJ view 

Row Go Efphjdillm cj arricuiarum, apcrtural view, high mah'Ilii'icalion 
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PLATE 3 

Row 1 a F:lphidium of anieu/arum, side view 

Row I b Elphidium ef anieu/arum, side view 

Row I c F:lphidium of ar/icu/a/um, apertural view 

Row 2a t:1phidium gumeri, side view 

Row 2b t:1phidiella spaies, side view 

Row 2c E/phidiella species, high magl1i/icaliol1 

Row 3a Elphidiella species, ~;de view 

Row 3b R/phidiella ,,"pec;e,,", side view 

Row 3c R/phidie/la ,Ipecie,,", edge view 

Row 4a lIaynesina germanica, side view 

Row 4b llaynesina germanica, side view 

Row 4c Haynesilla gemumica, umbilical area, high magnification 

Row 5aAmrmmiajaponicu, dorsal view 

Row 5b Ammoniajapol1ica, dorsal view 

Row 5c Ammoniajapol1ica, ventral v;ew 

Row 6aAmmoniajaponica, ventral view 

Row 6b Rota/ia gaimardi!, ventral view 

Row 6c Rolalia gaimardii, ventral view 
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PLATE 4 

Row 1 a Lobat1l111 iobl1t1l1l1, v~ntral view 

Row 1 b Lobatula lobatull1, ventral vi~w 

Row Ie Lobatull1lobalula. dorsal vicw 

Row 1a Lobaw/a lobatula. dorsal vicw 

Row 1b Lobalula lobatula, apcrtural view or edge view 

Row 1e Cibicide.I' ,~rulgens, ventral vicw 

Row 3a Cibicidcs r~rulgens, ventral vicw 

Row 3b Cib;cides reflll~cns, ventral vi~w 

Row 3e Cibicides reflll~cns, dorsal viev.; 

Row 4a l'oroel'onides 1I1terl1/is, dorsal view 

Row 4b Forocponides laleralis, v~ntral view, and apelture with pore8 

Row 4c Poroel'onides laferl1lis, obliqu<>dor~al view 

Row SaP()roep()nides faferalis, dor~al view 

Row Sb P()rY!ep()nides larerafis, perforations, medium magnification 

Row 5c Foroeponides la/emlis, perforations, high magnification 

Row 6a Cibicidoides speudoungerianus, dorsal view 

Row 6b Cibicidoides 51'eudouIlgeriallW:i, oblique-ventral view 

Row 6c Piece or Hom()/rema ,,,brum 
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PLATE 5 

Row la Pararotalia nipponica, dorsal vicw 

Row lh Pararotalia nipponica, dorsal vicw 

Row 1c Pararotalia nipponica, ventral vic\v 

Row 2a Pararolatia nipponica, v~ntral vi~v." 

Row 2b Rosalina rf globularis, dorsill vicw 

Row 2c Rosatina rf globularis, ventral vicw 

Row]a Rosanna bradyi, dorsill vi~w 

Row]b Rosalina bradyi, dONIl vi~w 

Row 3c Rosalina "radyi, vcn!ral vic\v 

Row 4a Rosa/ina "rady!, vcntral vic\v 

Row 4b Rosalina "radyi, ventral vicw 

Row 4c Rosa/ina brady!, vcntral vic\v 

Row 5a Glabratella austra/ens/s, vcn!ral view 

Row 5b Glabratdla austra/ens!s, dorSilI vicw 

Row 5c Glaomtdla austraiemis, dorSill vj~w 

Row 6a Planorbulina med!rerranensis, ventral vicw 

Row 6b P/anorblllilUl med!rerranensis, ventral view 

Row 6c Planorbulina mcdi/crrancnsis, ventral vi~w, high magnification 
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rLATE6 

Ko\\' I II rfanorbulina medilerrum:nsi!J, vt'nlfal vic'\\' 

Kow Ib I'lannrbulinu medilerrtmensis, "~n 'fI" vicw 

Row lc PlanOl'bulinu mediluralJrl1si.f, ,'elUra) vicw 

Row 2;. PlaIJorbu[ilJa medilerral1rl1sis. vcntra) v iew 

Row 2h Pla/l()f'b u!iIJu medilerranrmls. velUr;!) vie\<' 

R,lW 2c f'IWlOrhu!hw medjlerrU>1e".'ii.~, \ cntr,,) view 

Row h Indd:e.min;tle pink gluoo 111' ~pe.;: i cs 

R,)w ::lob Ind"tt'm.ina(" pink glooola. ~peciCS 

Ru\\'.k Ind,,\...-min;l\e pink. glu/ltJlur specie:; 

Row 43 Brfzn/ina speuJ"punclrJla, side ,"jew 

Ruw 4t> Bulimina ffrunglm.';s, side view 

Row 4e Bulimina " rangensis, side \'icw 

Row Sa iJllfimilJa e/ongala, sid .. view 

Rtlw Sh Bulimina eiongala, ~iJ~ \';"W 

Row Se Bulimina eiorwara, side view 

How 6a rulinu me/o~ ap;cal view 

Kow 6b 00/i1Ul me/o, side vicw 

Row 6e Oo/i"" me/o, side: vi~w 
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PLATI! 1 

Row 13 (Joli"u heragona, apic31 view 

Row 1 h Oolinu hexugUml, side " iew 

Row 1 c Ovlina ho:agona, side vi=w 

Row 20. Oolina squamosa, oblique-side "iew 

Row 211 Oolina sp. A (I\.IcMillJn. 1981), side view 

Row 2c l .agena s/r;ala, side "iew (multi ple embryo, or pm .. ..,ibly damo.ged during test grmHh) 

Row JJ Lagrna semi/m~oJa. apical view 

Ro,,' 3b narmw /.1.tgena semtline% , :.id~ yiew 

Row 3c 1~tg<'''u cf lye/hi, a('ical " i~w 

Row 40. rihbcd Ll.lgerw sf', apical VICW 

Rrol'- 4b ribbed Lagenu sf'_ apical \'icw 

Row 4c rihbed Lagwa sp. apical view 
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PLATES 

Row la Quinqueloculina dunkerquiano, side view 

Row 1 b Quinqlleioculino dunkerquiana, apertural view 

Row Ie Quinque/oculim! dunkerquiana, apertllml view 

Row 2a Quinqueloculina dunkerquiana, tooth in aperture, high magnification 

Row 2b Quinque/oculina dunkerquiana, tooth in aperture, high magnificaIion 

Row 2c Quinque/oculina dunkerquiona, tooth in aperture, high magnificaiion 

Row "a Quinque/oculina uminulum, oblique view 

Row "h QUinque/oculina uminu/um, apertural view 

Row 3e Quinqueioculirwlotn side view 

Row 4a Quinqueloculina contorta, side view 

Row 4h Quinque/ow/ino contorta, apertllral view 

Row 4e Qllinqlle/omlina nm/or/a, side view 

Row 5a Quinq lIr/o(:u/ina con/or/a, side view 

Row 5b Quinque/oculina c/ wdgari.~, ~ide view 

Row 5c Quinque/oculino c/ wdgoris, side view 

Row 6a Quinqueloculina ,1 undulate, side view 

Row 6b large broad Quinqueloculilla sp. with Y-~haped toolh in aperture, ~ide view 

Row 6<.: large broad Quillqueiocuiina.w wilh Y-~haped tooth in aperture, apertural view 
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r[.ATE9 

Roy,( [a Small, broad Quinqueloeulina sp. (tooth has l\vo points), aperlural view 

Ro\>. 1 b SmaiL broad Quinque/oeulina sp. (woth has two points), high magnification 

Ro\v Ie finely ribbed Quinque/oeulina sp., side vie\>. 

Roy,( 2a Quinque/oeulina sp. with no tooth, side view 

Ro\v 2h Spiroloeu/ina communis, side view 

Row 2c Spiroloeulina communis. side view 

Row 3a Spir%culina cOllimunis, apertural vieY'( 

Row 3h Spiroloeulina communis, tooth in aperture, high magnification 

Row 3e Ribbcd/ grooved Spriolomlina sp., side view 

Row 4a Rib bed/ grooved Sprioiocu/ina sp_. ~ide view (qll1lTlz grain on specimen) 

Roy,( 4b 1'yrgo, a pertural view 

Row 4c l'yrgo, side view 

Roy,( 5a Triloculina Irigonuia, aperlllral view 

Row 5b Triioculina Ir;gonuia, aperturai view 

Row 5c Trii(lculina Irigonufa, apertural-oblique view 

Row tia Trilocuiina trig(lnuia, aperlural view, Y -shaped tooth 

Row 6h Trilocu/ina Irigomtla, apcrtural vie\\i 

Row tic Triloculina rrigonula, tooth in apertllTC, high )llab'llifieation 
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PLATE 10 

Row la hi/neIllina [rigonula, apertur<ll view 

Row 1 h hi/oeul ina [rigonula, apertural view 

Row 1 c hiloeulino Irigomda, apertural view 

Row 2a Elongate TrUoeu/ina sp., side vicw 

Row 2h Triloculina ohlonga, a)X'rtul'al view 

Row 2c TriloCl/lina ohlonga, <lj:lertuml view 

Row 3a Triloclliina oblonga, <lpertunll view 

Row 3b Triloculina oblonga, obliqoo view 

Row 3c Tri/oculina ohlnnga, apertural view 

Row 4a hi/oelllina ohlonga, Y -shaped tooth in apertllrc, high magnification 

Row 4b Triloculina ohlonga, Y-slmped tooth in aperture, high Imlgnificatiol1 

Row 410 Triloculina oblonga, Y -shaped !<~llh in aperture, high magni lication 

Row 5<1 Triloculina 05],., apertural view 

Row 5b Tri/oculina Iricarinata, a)X'rtural view 

Row 5c Tri/oculina Iricarinata, apcrtmal view 

Row 6<1 Large, fbt Triloculina .'p., wilh aperture on neck, side view 

Row rih nat, rihbed TriloCl/lina sp., side view 

Row 6c urge, broad Triloculina '~P-, apertur<ll-edge view 
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PLATE 11 

RO\v la li-ilocu/ina/erquemiana, side view 

RO\v Ib hi/oeu/ina /erquemiww, apertural view 

Row Ie Tri/o(;ulina luquemiana, oblique-aperture view 

Row 2a Triloculina laquemiana, side viev..-

Row 2b Triloculina laquemiana, apertural view 

Row 2e li"iloculina lerquemiana, side view 

Row 3a hi/ocalina terqllemiana, oblique view 

Ro\v 3b Trilocu/ina terquemiana, tooth in aperture, high magnification 

Ro\v 3c Triloeulina terqllemiana, tooth in aperture, high magnification 

Row 4a Trilo(;u/ina lerquemiana, lootb in aperture, high magnification 

Row 4b Tri/o(;u/ina lerqw:miana, tooth in aperltlre, high magnification 

Row 4e Trilo(;ulina lerquemiana, tootb in aperture, high magnification 

Row 5a Tril(J(;ulina berlhiliniana, side view 

Row 5b Triloculina berlhi/iniana, apertural view 

Row 5c Triloclliina berthiliniana, tooth in aperltlre, high magnification 

Row 6a ,IIilio/inella sabrotunda, ape!tnral view 

Row 6b Miiiolinella subrolunda, apertural view 

Row 6c Miliolinella subrotunda, oblique vicw 
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PLATE 12 

Row la Miliolinella suhroiundd, oblique view 

Row 1 b Miliolinelfa suhrotundd, side view (abnormal growth) 

Row lc Mi/iolinella ,mhrolunda, side view 

Row 2<1 Miliolinella suhralunda, side view 

Row 2b Miliolinella circU/dris, ~ide viev.' 

Row 2c Miliolinella circularis, side view 

Row3aMiliamminajusca, side view 

Row 3b Ali/iammina(u,)'(;a, opposite side view 

Row 3c Ali/idmmina(u.w;a, agglutinated surface, high magnification 

Row 4a Miljamminafosca, side view 

Row 4b Miliamminafosca, oblique-apcrtural view 

Row 4c Miliamminajusca, oblique-apertural view 

Row 5a Siphallaperta martinae, (agglutinated llliliolid) 

Row 5b Trochammina injlard, dor!\al view 

Row 5c Trachammina injlara, ventral viev.' 

Row 6aHaplophmgmoides wi/berr;, side view 

Row 6b Hap/ophragmoides 5p., side view 

Row 6c lfaplophragmoides canariensis, side view 
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PLATE 13 

Ro\" la Textu/aria conica, sid~ vi~\" 

Ro\" Ib Texlu/aria conica, sid~ vi~\" 

Row I c Textu/aria conica, side vi~\" 

Row 2a Tex/u/aria conica, apical vi~\" 

Row 2h Tex/u/aria cnnied, apcrtural vicw 

Row 2c Texlu/aria conica, oblique-apical view 

Row 3a Textularia canica, apical-sid~ vi~w 

Row 3h Tex/u/aria cnnica, apical-side vicw 

Row 3e Textularia c(mica, agglutinated surfac~, high magniiieation 

Row 4a Gaudrina rudis, apical vicw 

Row 4b Gaudrina rudis, apical view 

Row 4c Gaudrina rudis, apertural view 

Row 5a Gaudrina rudis, apical vicw 

Row 5h Gaudrina rudis, oblique-apical view 

Row 5c Gaudrina rudis, agglutinated sllTface, high magniJication 

Row 6a Gaudrina rudis, apcrtural view 

Row 6b Spiroplectine/la sp., sid~ view 

Row oc Spimpfeclinella .Ip., agglutinatcd surface, high magniJication 
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PLATE 14 

Row III C)'clogyra orbicular. side view 

Row I b Globulina, side view 

Row Ie Glandulinn. side view 

Row 201 Lenliculinn sp, side view 

Row 2b Lenlieu/inn sp, side view 

Row 2c N()nlon bouen"" .. , side \'i~w 

Row 301 Chr~alidine/lil dlmm'Ph{~ ~idol- vitlw 

Row .~ b C",;.,idll!i1lll ~·igillil. side ,jew 

Row Jc Cancris ilurieullu. vent ral " ieW 

}to,,", 48 ChillleflKl'rella bmdyi. OOf!oal vicw 

Row 41'1 Ch{/[[en~rella bradyi, vC)ltral view 

Row 4c ClJallmr;erella bradyi, velltrul vicw 

Row Sa nat 1'Ianuiarin sp. (PJeisttlCellc) 

Row Sb P/ani.lpirillina .11' .. si<lc view 

Row Se JIya/in" ballhica (V lcistoccnc) 
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PLATE 14 
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PLATE 15 

Row la G/ohorolalia infIma, ohlique-side view 

Row 1 b Giohorolalia infima, venlral view 

Row lc Globorotalia infi'lhl, side view 

RO\v 2:1 Globorotalia injlala, venlral view 

RO\v 2b Globigerinoides Iri!ob", venlral view 

Row 2c Cilobigeril!a sp., venlral view 

Row 3a Neogfohoquadrina pa(;hyderma, dorsal view 

Row 3b l,'eogloboquadrina pa(;hyderma, dorSi,1 view 

Row 3c Glohoquadril!a dlllerirei, oblique-dorsal view 

Row 4~ Globigerinoides rubber, apcrtural vicw 

Row 4h Globigerinoides rubber, sidc viC\v 

Row 4c Globigerinoides rubber, side view 

Row 5:1 G/ohigerinoide,\' rubber, side view 

Row 5b Globigerinoides rubber, ~ide view 

Row 5c Globigerina bulloides do!'!;;).l view 

Row (iaj[lveni\e ],'eogloboquadrina pachyderma, ventral view 

Row fib j[lveniie Neogloboqmldrina pachyderma, vcntral viC\v 

Row 6c juvenile Neog!ohoquadrina pa(;hyderma, ventral view 
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PLATE 16 

Ostrncods ofth.~ Knysna Eswary. 
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PLATE 17 

Row 1 'Iud 2 Ostmcods of the Kny~n'l Esllmry 

Row 3 'Ind 4 Gastropods in sediments n~'Ir the mouth of the Knysn'l F.~tl1'lr)' 

Row 5'1 SellJUlid worm lUbe 

Row 5b Bivalve shell 

Row 5~ Glass sponge spicule 
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Foraminifera Species of Knysna Lagoon 

Recorded according to list of species in chapter 4.3 

1) Miliammina fusca (Brady, 1870) 

Quinqueloculina fusca H.B. Brady, in G.S. Brady & Robertson, 1870: 286, pl.l1 t 

fig.2a-c, 3a-b. 

Original reference: G.S. Brady & O. Robertson (1870) The Ostracoda 
foraminifera of tidal rivers, with an analysis and descriptions of 
foraminifera by Henry B. Brady. Annals and Magazine of Natural History, 
Series, 6: 273-309. 

2) Trochammina inflata (Montagu, 1808) 

Nautilus inflatus Montagu, 1808: 81, pl.18, fig.3. 

and 
the 

4th. 

Original reference: G. Montagu (1808) Testacea Britannica: Supplement. S. 
Woolmer, Exeter: 1-183. 

3) Haplophragmoides wilberti Andersen, 1953 

Haplophragmoides wilberti Andersen, 1953: 21, pl.4, fig.7a-b. 

Original reference: H. V. Andersen (1953) Two new species of Haplophragmoides 
from the 'J.,ouisiana coast. Contributions from the Cushman Foundation for 
Foraminifer~l Research 4: 21-22. 

4) Haplophragmoides canariensis (O'Orbigny, 1839) 

Nonionina canariensis O'Orbigny, 1839: 128, pl.2, fig.33-34. 

Original reference: A.O. O'Orbigny (1839) Foraminiferes. In: P. Barker-Webb & S. 
Berthelot, Histoire NatureIIe des lIes Canaries 2(2) Zoologie. Bethune, Paris: 
119-146. 

5) Ammonia parkinsoniana (0' Orbigny, 1839) 

Rosalina parkinsoniana O'Orbigny, 1839: 99, pl.4, fig.25-27. 

Rosalina catesbyana O'Orbigny, 1839: 99, pl.4, fig.22-24. 

Original reference: A. O. 0' Orbigny (1839) Foraminiferes. In: R. de Ia Sagra, 
Histoire Physique, Politique et Naturelle de l'Ile de Cuba. A.Bertrand, Paris: 
1-224. 
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6) Ammonia japonica (Hada, 1931) 

Rotalia japonica Hada, 1931: 137, text-fig.93a-c. 

Original reference: Y. Hada (1931) Notes on the Recent foraminifera from Mutsu 
Bay. Report of the Biological Survey of Mutsu Bay, Part 19. Scientific Reports 
of the Tohoku Imperial University, Sendai, 4th Series (Biology) 6: 45-148. 

7) Elphidium articulatum (D'Orbigny, 1839) 

Polystomella articulatum D'Orbigny, 1839: 30, pl.3, fig.9-10. 

Original reference: A.D. D'Orbigny (1839) Voyage dans l'Amerique Meridionale -
Foraminiferes. Pitois-Levrault et Cie., Paris, and V. Levrault, Strasbourg 5: 1-
86. 

8) Elphidium advenum (Cushman, 1922) 

Polystomella advena Cushman, 1922: 56, pl.9, fig.11-12. 

Original reference: J.A. Cushman (1922) Shallow-water foraminifera of the 
Tortugas region. Carnegie Institute, Washington, Publication No. 311 (Department 
of Marine Biology, Paper No.17): 1-85. 

9) Elphidium cf. alvarezianum (D'Orbigny, 1839) 

see Polystomella alvareziana D'Orbigny, 1839: 31, pl.3, fig.11-12. 

Original reference: A.D. D'Orbigny (1839) Voyage dans l'Amerique Meridionale -
Foraminiferes. Pitois-Levrault et Cie., Paris, and V. Levrault, Strasbourg 5: 1-
86. 

10) Elphidium crispum (Linne, 1758) s.l. 

Nautilus crispus Linne, 1758: 709 (figured by Plancus, 1739: pl.l, fig.2d-f). 

Original reference: C. von Linne, 1758: Systema Naturae per Regna Tria Naturae, 
Secundum Classes, Ordines Genera, Species, cum Characteribus, Differentiis, 
Synonyrnis, Locis. L. Salvius, Stockholm, Edition 10, 1: 1-823. 

11) Elphidium macellum (Fichtel & Moll, 1798) s.l. 

Nautilus macellus Fichtel & Moll, 1798: 66, var.B, pl.l0, fig.h-k. 

Original reference: L. von Fichtel & J.P.C. von Moll (1798) Testacea 
Microscopica, Aliaque Minuta ex Generibus Argonata et Nautilus, ad Naturam 
Delineata et Descripta. Camesina, Wien: 1-123. 
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12) Elphidium gunteri Cole, 1931 

Elphidium gunteri Cole, 1931: 34, pl.4, fig.9-10. 

Original reference: W.S. Cole (1931) The Pliocene and Pleistocene foraminifera 
of Florida. Florida State Geological Survey, Bulletin 6: 1-79. 

13) Globigerina bulloides D'Orbigny, 1826 

Globigerina bulloides D'Orbigny, 1826: 277, modeles no. 17 (lere livraison) and 
no.76 (4eme livraison). 

Original reference: A.D. D'Orbigny (1826) Tableau methodique de la classe des 
cephalopodes. Annales des Sciences Naturelles, Paris, Series 1, 7: 245-314. 

14) Globigerina quinqueloba Natland, 1938. 

Globigerina quinqueloba Natland, 1938: 149, pl.6, fig.7. 

Original reference: M.L. Natland, (1938) New species of foraminifera from off 
the west coast of North America and from the later Tertiary of the Los Angeles 
Basin. University of California, Scripps Institute, Oceanography Bulletin, 
Technical Series 4: 137-164. 

15} Globigerinoides ruber (D'Orbigny, 1839) 

Globigerina rubra D'Orbigny, 1839: 82, pl.4, fig.12-14. 

Original reference: same as no. 5 (lie de Cuba ref.). 

16) Globigerinella aequilateralis (Brady, 1879) 

Globigerina aequilateralis Brady, 1879: 285. 

G10bigerina aeguilateralis Brady, 1884: 605, pl.80, fig.18-21. 

Original references: H.B. Brady (1879) Notes on some of the reticularian 
Rhizopoda of the "Challenger" Expedition. Quarterly Journal of Microscopical 
Science, London, New Series 19: 20-63, 261-299. 

H.B. Brady (1884) Report on the foraminifera dredged by H.M.S. "Challenger" 
during the years 1873-1876. Reports of the Scientific Results of the Voyage of 
H.M.S. "Challenger" 9 (Zoology): 1-814 (2 volumes). 

17) Globorotalia inflata (D'Orbigny, 1839) 

Globigerina inflata D'Orbigny, in Barker-Webb & Berthelot, 1839: 134, p1.2, 
fig.7-9. 

Original reference: same as no. 4 (canary island ref.) 
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18) Globoquadrina dutertrei (D'Orbigny, 1839) 

Globigerina dutertrei D'Orbigny, 1839: 84, pl.4, fig.19-21. 

Original reference: same as no. 5 (Ile de Cuba ref.). 

19) Neogloboquadrina pachyderma (Ehrenberg, 1861) 

Aristerospira pachyderma Ehrenberg, 1861: 303. 

Aristerospira pachyderma Ehrenberg, 1873: 386, pl.l, fig.4. 

Original reference: C.G. Ehrenberg (1861) Uber die tiefgrund-verhAltnisse des 
oceans am eingange des Davisstrasse und bei Island. Konigliche Preussische 
Akademie der Wissenschaften, Berlin, Monatsbericht: 275-315. 

C.G. Ehrenberg (1873) Mikrogeologische studien iiber das kleinste leben der 
meeres - tiefgriinde aller zonen und dessen geologischen einfluss. Konigliche 
Preussische Akademie der Wissenschaften, Berlin, Abhandlungen (for 1872): 131-
397. 

20) Haynesina germanica (Ehrenberg, 1840) 

Nonionina germanica Ehrenberg, 1840: 23. 

Nonionina germanica Ehrenberg, 1841: pl.2, fig. la-g. 

Original reference: C.G. Ehrenberg (1840) Ein weitere erlAuterung des organismus 
mehrerer in Berlin lebend beobachteter polythalamien der Nordsee. Konigliche 
Preussische Akademie der Wissenschaften, Berlin, Berichte: 18-23. 

C.G. Ehrenberg (1841) Uber noch jetzt zahlreich lebende thierarten der 
kreidebildung und den organismus der polythalamien. Konigliche Preussische 
Akademie der Wissenschaften, Berlin, Phys.-Math. Klasse II, Abhandlungen (for 
1839): 81-174. 

21) Rotalia gaimardii (Barker, 1960) 

Streblus gaimardii Barker, 1960: 218, pl.106, fig.9a-c. 

Original reference: R.W. Barker (1960) Taxonomic notes on the species figured by 
H.B. Brady in his report on the foraminifera dredged by HMS Challenger during 
the years 1873-1876. Society of Economic Paleontologists and Mineralogists, 
Special Publication 9: 1-238. 

22) Triloculina "oblonga" -informal species 

23) Quinqueloculina dunkerguiana - see also no. 63 below. 
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24) Chrysalidinella dimorpha (Brady, 1884) 

Chrysalidina dimorpha Brady, 1884: 54, pl.46, fig.20, 21a,b. 

Original reference: H.B. Brady (1881) Notes on some of the 
Rhizopoda of the Challenger Expedition Part 3, 1- classification; 
notes on new species; 3- note on Biloculina mud. Quarterly 
Microscopical Science, new series 21: 31-71. 

25) Cassidulina laevigata D'Orbigny, 1826 

Cassidulina laevigata D'Orbigny, 1826: 282, pl.15, fig.4-5. 

reticularian 
2- further 

Journal of 

Original reference: A.D. D'Orbigny (1826) Tableau methodique de la classe des 
Cephalopodes. Annales des Sciences Naturelles, Paris, Series 1, 7: 245-314. 

26) Nubecularia lucifuga Defrance, 1825 

Nubecularia lucifuga Defrance, 1825: 210. 

Original reference: M.J.L. Defrance (1825) Dictionnaire des Sciences Naturelles. 
F.G. Levrault, Paris 35: 1-534. 

27) Pararotalia nipponica (Asano, 1936) 

Rotalia nipponica Asano, 1936: 614, pl.31, fig.2a-c. 

Original reference: K. Asano, (1936) Fossil foraminifera from Muraoka-mura, 
Kamakura gori, Kanagawa Prefecture. Journal of the Geological Society of Japan 
43 (515): 603-615. 

28) Cibicides refulgens De Montfort, 1808 

Cibicides refulgens De Montfort, 1808: 122, text-fig. 

Original reference: D. de Montfort (1808) Conchyliologie Systematique et 
Classification Methodique des Coquilles 1: 1-409. 

29) Cibicidoides pseudoungerianus (Cushman, 1922) 

Truncatulinoides pseudoungeriana Cushman, 1922: 97, pl.20, fig.9. 

Original reference: J.A. Cushman (1922) The Byram Calcareous Marl of Mississippi 
and its foraminifera. United States Geological Survey, Professional Paper 129-E: 
79-122. 

30) Poroeponides lateralis (Terquem, 1878) 

Terquem, 1878: 25, pl.2, fig.11a-c. 

Original reference: O. Terquem (1878) Les foraminiferes et les entomostraces 
ostracodes du Pliocene superieur de l' 11e de Rhodes. Memoire de la Societe 
Geologique de France, Paris, Series 3, 1(3): 1-135. 
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31) Lobatula lobatula (Walker & Jacob, 1798) 

Nautilus lobatulus Walker & Jacob, in Kanmacher, 1798: 642, pl.14, fig.36. 

Original reference: G. Walker & E. Jacob (1798) In: Essays on the Microscope, 
etc. by G. Adams. Second Edition, with Considerable Additions and Improvements, 
by F. Kanmacher. Dillon & Keating, London: 1-712. 

32) Planorbulina mediterranensis D'Orbigny, 1826 

Planorbulina mediterranensis D'Orbigny, 1826: 280. 

Original reference: A. D. D' Orbigny (1826) Tableau Methodique de la Classe des 
Cephalopodes. Annales des Sciences Naturelles, Paris, Series '1, 7: 245-314. 

33) Acervulina inhaerens Schultze, 1854 

Acervulina inhaerens Schultze, 1854: 68, pl.6, fig.12. 

Original reference: M. S. Schultze (1854) Uber den Organismus de Poly thalami en 
(Foraminiferen), nebst Bemerkungen tiber die Rhizopoden im Allgemeinen. Wilhelm 
Engelmann, Leipzig: 1-68. 

34) Glabratella "australensis (Heron-Allen & Earland, 1932)" 

non Discorbina Eileolus Brady, 1884: 469, pI. 89, fig.2-4. (non Valvulina 
Eileolus D' Orbigny) . 

Pileolina ?australensis Moura, 1965: 48, pI. 6, fig.3 (non Heron-Allen & 

Earland) . 

Glabratella australensis McMillan, 1987: 363, pl.14, fig.14-18; pI.15, fig.1-2 
(non Heron-Allen & Earland). 

This species is unique to southern - Africa. It is quite unlike Glabratella 
australensis, described from around Australia. Also unlike Glabratella Eileolus, 
described from around South America. Species needs a new name. 

Original reference: A.R. Moura (1965) Foraminiferos da Ilha da Inhaca 
(MoQambique). Revista dos Estudos Gerais Universitarios de MOQambique, MaEuto, 
Serie 2, 2: 1-74. 
Extra reference: LK. McMillan (1987) Late Quaternary foraminifera from the 
Southern Part of Offshore South West Africa/Namibia. Unpublished Ph.D. thesis, 
University College of Wales, Aberystwyth: 1-565. 

35) Rosalina bradyi (Cushman, 1915) 

Discorbis globu1aris (D'Orbigny) var. brad~i Cushman, 1915: 12, pl.8, fig.1a-c. 

Original reference: J.A. Cushman (1915) A monograph of the foraminifera of the 
North Pacific Ocean, Part 5: Rotaliidae. United States National Museum, Bulletin 
71: 1-83. 
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36) Rosalina williamsoni (Chapman & Parr, 1932) 

Rotalina nitida Williamson, 1858: 54, pI. 4, fig .106-108 (non Rotalina nitida 
Reuss, 1841). 

Discorbis williamsoni Chapman & Parr (m.s.): Parr, 1932: 226, pl.21, fig.25. 

Original reference: W. J. Parr (1932) Victorian and South Australian shallow­
water foraminifera, parts I and II. Proceedings of the Royal Society of 
Victoria, new series, 44: 1-14, 218-234. 

37) Rosalina cf. globularis D'Orbigny, 1826 

see Rosalina globularis D'Orbigny, 1826: 271, pl.13, fig.1-4. 

Original reference: D'Orbigny's "Tableau Methodique" reference, 1826. 

38) Gavelinopsis praegeri (Heron-Allen & Earland, 1913) 

Discorbina praegeri Heron-Allen & Earland, 1913: 122, pl.10, fig.8-10. 

Original reference: E. Heron-Allen & A. Earland (1913) The foraminifera of the 
Clare Island district, Co. Mayo, Ireland. Clare Island Survey, Part 64: 
foraminifera. Proceedings of the Royal Irish Academy 31(64): 1-188. 

39) Lagena semilineata Wright, 1886, var. 

see Lagena semilineata Wright, 1886: 320, pl.26, fig.7. 

Original reference: J. Wright (1886) Foraminifera of the Belfast Naturalists' 
Field Club's cruise off Belfast Lough, in the steam-tug "Protector", June 1885; 
also' foraminifera found by Dr. Malcomson, at Rockport, Belfast Lough. 
Proceedings of the Belfast Naturalists' Field Club, for 1885-6 (Appendix): 317-
326. 

40) Lagena striata (D'Orbigny, 1939) 

Oolina striata D'Orbigny, 1839: 21, pl.5, fig.12. 

Original reference: D'Orbigny, 1839, "Voyage dans l'Amerique Meridionale" ref. 

41) Lagena laevis (Montagu, 1803) 

Vermiculum laeve Montagu, 1803: 524, pl.1, fig.9. 

Original reference: Montagu's "Testacea Britannica" ref. -see no.69. 
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42) Lagena cf. lyellii (Seguenza, 1862) 

see Amphorina lyellii Seguenza, 1862: 52, pl.1, fig.40. 

Original reference: G. Seguenza (1862) Die terreni Terziarii del distretto di 
Messina, Parte II: descrizione dei foraminiferi monotalamici delle marne 
Mioceniche del distretto di Messina. T. Capra, Messina: 1-84. 

43) Oolina melo D'Orbigny, 1839 

Oolina melo D'Orbigny, 1839: 20, pl.5, fig.9. 

Original reference: D'Orbigny's "Amerique Meridionale" ref. again. 

44) Oolina hexagona (Williamson, 1848) 

Entosolenia squamosa (Montagu) var.y hexagona Williamson, 1848: 20, pl.2, 
fig.23. 

Original reference: W.C. Williamson (1848) On the Recent British species of the 
genus Lagena. Annals and Magazine of Natural History, Series 2, 1: 1-20. 

45) Oolina sp.A McMillan, 1887 

Oolina sp.A McMillan, 1887: 220, p1.6, fig.13-14. 

Original reference: McMillan, 1987 Ph.D. thesis. 

46) Oolina sguamosa (Montagu, 1803) 

vermiculum sguamosa Montagu, 1803: 526, pl.14, fig.2 

Original reference: Montagu's "Testacea Britannica" - see 41 aoo 69. 

47) Cyclogyra orbicula - take this as informal species. 

48) Bulimina marginata D'Orbigny, 1826 

Bulimina marginata D'Orbigny, 1826: 269, pl.12, fig.10-12. 

Original reference: A.D. D'Orbigny (1826) Tableau methodique de la classe des 
Cephalopodes. Annales des Sciences Naturelles, Paris, Series 1, 7: 245-314. 

49) Bulimina elongata D'Orbigny, 1846 

Bulimina elongata D'Orbigny, 1846: 187, pl.11, fig.19-20. 

Original reference: D'Orbigny, 1846, Tertiary of Vienne (Autriche), again. 
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50) Bulimina ·orangensis" McMillan, 1987 

Bulimina "orangensis" McMillan, 1987: 240, pl.7, fig.17-20. 
Bulimina cf. alazanensis Martin, 1981: 40, pl.4, fig.3-4 (non Cushman) 

Original references: R.A. Martin (1981) Benthic foraminifera from the Orange­
Luderitz shelf, southern African continental margin. Joint Geological Survey of 
South Africa/University of Cape Town, Marine Geoscience Group, Bulletin 11: 1-
75. 

1. K. McMillan (1987) Late Quaternary foraminifera from the southern part of 
offshore South West Africa/Namibia. Unpublished Ph.D. thesis, University College 
of Wales, Aberystwyth: 1-565. 

51) Brizalina striatula (Cushman, 1922) 

Bolivina striatula Cushman, 1922: 27, pl.3, fig.10. 

Original reference: J.A. Cushman (1922) Shallow water foraminifera of the 
Tortugas region, Carnegie lnst. No.311 - see ref. for no.8, Elphidium advenum. 

52) Brizalina pseudopunctata (Hoglund, 1947) 

Bolivina pseudopunctata Hoglund, 1947: 273, pl.24, fig. Sa-b. 

Original reference: H. Hoglund (1947) Foraminifera in the Gullmar Fjord and the 
Skagerak. Zoologiska Bidrag fran Uppsala 26: 1-328. 

53) Siphonaperta "martinaeH McMillan, 1987 

Quinqueloculina agglutinans (non D'Orbigny) Martin, 1974: 85. 
Sigmoilopsis sp. McMillan, 1974: 37, pl.2, fig.7a-c. 
Quinqueloculina agglutinans (non D'Orbigny) Martin, 1981: 25, pl.2, fig.8. 
Sigmoi10psis schlumbergeri (non Silvestri) Martin, 1981: 27, pl.2, fig:13. 
Siphonaperta "martinae" MCMillan, 1987: 
Siphonaperta sp. McMillan, 1990: 139, fig.7B-C. 
Original references: 
R.A. Martin (1974) Benthonic foraminifera from the western coast of southern 
Africa. Joint Geological Survey of South Africa/University of Cape Town Marine 
Geoscience Unit, Technical Report 6: 83-87. 

R.A. Martin (1981) Benthic foraminifera from the Orange-Luderitz shelf, southern 
African continental margin. Joint Geological Survey of South Africa/University 
of Cape Town Marine Geoscience Unit, Bulletin 11: 1-75. 

I.K. McMillan (1987) Ph.D. thesis. 
I.K. McMillan (1990) Foraminifera from the Late Pleistocene (Latest Eemian to 
earliest Weichselian) shelly sands of Cape Town city centre, South Africa. 
Annals of the South African Museum 99: 121-186. 

Another species that needs its taxonomy resolved in a proper publication. 
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54) Textularia conica D'Orbigny, 1839 

Textularia conica D'Orbigny, 1839: 143, pl.l, fig.19-20. 

Original reference: D'Orbigny, 1839: lie de Cuba again. 

55) Gaudryina rudis Wright, 1900 

Gaudryina rudis Wright, 1900: 53. 

Original reference: J. Wright (1900) The foraminifera of Dogs Bay, Connemara. 
Irish Naturalist 9: 51-55. 

56) Triloculina "oblonga" - informal species 

57) Triloculina trigonula (Lamarck, 1804) 

Miliolites trigonula Lamarck, 1804: 351, pl.17, fig.4a-c. 

Original reference: J.B.P.A. de M. De Lamarck (1804) Suite des memoires sur les 
fossiles des environs de Paris (Explication des planches relatives aux coquilles 
fossiles des environs de Paris). Annales du Museum National d'Histoire 
Naturelle, Paris 5 (for 1804): 179-188, 237-245, 349-357. 

58) Triloculina tricarinata D'Orbigny, 1826 

Triloculina tricarinata D'Orbigny, 1826: 299, modeles, no.7. 

Original reference: same as Globigerina bulloides, no.13. 

59) Triloculina terguemiana (Brady, 1884) 

Miliolina terguemiana Brady, 1884: 166, pl.114, fig.l. 

Original reference: Brady, 1884, Challenger Report. 

60) Triloculina bertheliniana (Brady, 1884) 

Miliolina bertheliniana Brady, 1884: 166, pl.114, fig.2a-b. 

Original reference: Brady, 1884, Challenger Report again. 

61) Triloculina fichteliana D'Orbigny, 1839 

Triloculina fichteliana D'Orbigny, 1839: 171, pl.9, fig.8-10. 

Original reference: D'Orbigny, I1e de Cuba reference. 
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62) Quingue1ocu1ina cf. vulgaris D'Orbigny, 1826 

see Quingueloculina vulgaris D'Orbigny, 1826: 302, modeles no.33. 

Original reference: same as G10bigerina bu11oides, see no.13. 

63) Quingueloculina dunkerquiana (Heron-Allen & Earland, 1930) 

Miliolina dunkerguiana Heron-Allen & Earland, 1930: 56, p1.12, fig.9-11. 

Original reference: E. Heron-Allen & A. Earland (1930) The foraminifera of the 
Plymouth district. Journal of the Royal Microscopical Society, London, Series 3, 
50: 46-84, 161-199. 

64) Quingueloculina seminulum (Linne, 1758) 

Serpula seminu1um Linne, 1758: 1264. 

Original reference see E1phidium crispum, same reference. 

65) Quingue1ocu1ina contorta D'Orbigny, 1846 

Quinguelocu1ina contorta D'Orbigny, 1846: 298, p1.20, fig.4-6. 

Original reference: A.D. D'Orbigny (1846) Foraminiferes Fossiles du Bassin 
Tertiaire de Vienne (Autriche). Gide et Cie., Paris: 1-312. 

66) Quingue10culina lata Terquem, 1876 

Quingue10culina lata Terquem, 1876: 82, p1.2, fig. 8a-c. 

Original reference: O. Terqaem (1876) Essai sur le C1assement des Animaux gui 
Vivent sur Ie P1age et dans 1es Environs de Dunkerque: Deuxieme Fascicu1e. O. 
Terquem, Paris: 55-100 (See also: 0 Terquem (1877) Memoires de 1a Societe 
Dunkerguoise pour Encouragement des Sciences, des Lettres et des Arts 20: 146-
191) . 

67) Quingue10culina cf. curta Cushman, 1921 

see Quingue1ocu1ina curta Cushman, 1921: 426, pl.100, fig.1-2. 

Original reference: J.A. Cushman (1921) Foraminifera of the Philippine and 
adjacent seas. United States National Museum, Bulletin 100, 4: 1-608. 
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68) Spiroloculina communis Cushman & Todd, 1944 

Spiroloculina communis Cushman & Todd, 1944: 63, pl.9, fig.4-5, 7-8. 

Original reference: J.A. Cushman & R. Todd (1944) The genus Spiroloculina and 
its species. Cushman Laboratory for Foraminiferal Research, Special Publication 
11: 1-82. 

69) Miliolinella subrotunda (Montagu,-1803) 

Serpula subrotunda dorso elevato Walker & Boys, 1784: 2, p1.1, fig.4. 
Vermiculum subrotundum Montagu, 1803: 521. 

Original references: G. Walker & G. Boys (1784) Testacea minuta rariora 
nuperrime detecta in arena littoris sandvicensis (A collection of the minute and 
rare shells lately discovered in the sand of the sea-shore near Sandwich.) G. 
Walker, London: 1-25. 

G. Montagu (1803) Testacea Britannica, or Natural History of British Shells, 
marine, land and freshwater. J.S. Hollis, Romsey: 1-606 (3 volumes) . 

70) Milio1inel1a circularis (Bornemann, 1855) 

Triloculina circularis Bornemann, 1855: 349, pl.19, fig.4. 

Original reference: J.G. Bornemann (1855) Die mikroskopische fauna des 
Septarienthones von Hermsdorf bei Berlin. Zeitschrift der Deutschen Geologische 
Gesellschaft, Berlin 7: 307-371. 

71) Challengere11a bradyi Billman, Hottinger & Oesterle, 1980 

Challengerella bradyi Billman, Hottinger & Oesterle, 1980: 91, p1.12, fig.1-14; 
pl.13, fig.1-7, text-fig. 17. 

Original reference: H. Billman, L. Hottinger, & H. Oesterle (1980) Neogene to 
Recent rotaliid foraminifera from the Indopacific Ocean: their canal system, 
their classification and their stratigraphic use. Schweizerische 
Palaontologische Abhandlungen 101: 71-113. 

72) Hyalinea balthica (Schroter, 1783) 

Nautilus balthicus Schroter, 1783: 20, pl.1, fig.2. 

Original reference: J.S. Schroter (1783) Ein1eitung in die Conchylienkenntniss 
nach Linne, 1. J.J. Gebauer, Halle: 1-860. 

73) Notorotalia clathrata (Brady, 1884) 

Rotalia clathrata Brady, 1884: 709, pl.107, fig.8a-c. 

Original reference: H.B. Brady's 1884 Challenger report again. 
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74) Nonion boueanus (D'Orbigny, 1846) 

Nonionina boueana D'Orbigny, 1846: 108, pl.5, fig.11,12. 

Original reference: same reference as Quinque1ocu1ina contorta: forams of 
Tertiary of Vienne (Autriche). 

75) Ehrenbergina cf. healyi Finlay, 1947 

see Ehrenbergina healyi Finlay, 1947: 284, pl.7, fig.l06-115. 

Original reference: H.J. Finlay (1947) New Zealand foraminifera: key in 
stratigraphy 5. New Zealand Journal of Science and Technology, Series B, 28: 
259-292. 

76) Cancris cf. auriculus (Fichtel & Moll, 1798) 

see Nautilus auricula var.a and var.~ Fichtel & Moll, 1798: 108, pl.20, fig.a-f. 

Original reference: same as for Elphidium macellum. 




