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PHYTOPL\:m\TOH VARIATION IN BE:\R CUT 
AS RELATED TO TIDAL MOVEl-IENT 

Introduction 

Many studies of the diurnal vertical variation of phyto­

planlcton populations have been madeo Hm1ever, due to a (!reat 

desree of turbulence, such variation 1-muld not be of much 

importance in a rela.ti vely sha.llm1 tidal channel o This study 

was desiGned to investigate changes in the phytoplanlcton popu­

lation in such a channelo 

Bear Cut :ts located bet1·reen Virginia Key and Key Biscayne, 

Florida (L 25°43,9 1 N, Lo 80°09.1' W) and has a maximum depth of 

about 7 meterso It is the major tidal inlet for the southern 

half of Biscayne Bay (Ricltenbaoker Cause,.,ay to Featherbed Bank), 

and tidal effects from the Cut are felt over most of this areao 

Horrill and Olson (1955) believe that the line of equal influence 

(wh~re tidal influenee from the northern inlets -- Bakers Haulover 11 

Government Cut, and Norris Cut -- balances the influence from Bear 

Cut) is approximately at the middle and 1-1est bridges of Riolcen­

OO.oker Cause,..,s.y o Therefore, influences on the Bear Cut '"a ter 

circul~.tion from the northern part of the bay 'tvould be negligible 0 

The plankton populations in Bear Cut, i·rould be those from southern 

Biscayne Bay and the ooo.stal area off of Key Bisco.yne, possibly 

influenced by the Gulf Stre._amo The problem 't•T'\S to determine the 

relative importo.nce of thene t1vo populations on the phytoplankton 

distribution in Bear Cuto 

I am very Grateful to 111ss Teen Kline for her assistance in 

the collection 9.nd prep':'.r':'.tion of the samples 0 



Methode 

Three Aeries of hourly ao.Jn;_:>les uere taken, tw·o covering a. 24 

hour period (2 tidal cycles) and one covering 13 hours (one tidal 

cycle) o All samples uere t':'.lten at the surfo.ce from the a.ccouat1cs 

to1-rer in the center of Be3.r Cut for Stations I and II, and from the 

end of the Institute of Marina Science dock for Station III, using 

a plastic buclteto \'later temperature measurements 't'l'ere made using 

a standard -20° to 110°0 .. thermometer and salinity samples were 

taken and later determined on a salinity bridge (temperature was 

measured for Sto .. tions I and II, salinities for St':l.tion II)., The 

pl!?.nkton samples "t-rere talten in bottles of uniform volume, but 

different size samples 11ere ta.ken at different st.,.tions., Since 

quantitative counts uere made only for Station III 8 ho":rever, the 

differences are not significanto A liter sample 1-J"3.S t3.ken in this 

c0.se o The samples i·rere oentrifU{5ed in a Kimball-'\'lood ( 1965) 

centrifuge~ and fluoresoence and acridine or'J.nge counts (1vood, 1955) 

't'rere made for quantitative purposeso It '-raa possible to make 

fluorescence counts at Station III onlyo The remainins material 

was used for qualit~tive determination of the populationso 

The methods used for qualitative 't1Tork ,.,ere V'J.ried'l The samples 

from Station I t'lere die5ested in hot concentrated HCl and mm3, and 

uere then centrifuged, "\W..shed i·Ti th distilled ,,rater, and Here m0.de 

into permanent slides. Samples from the second st::ttion Here divided 

into tw·o portions, one beinG preserved "\'lith Lugol' s iodine, and 

the other being stored at 10°C~ for later exarninationo The third 

set of samples was examined live, immediately after collection, and 

11'!?:.8 then preserved '1'1 th Lugol 1 s iodineo 

Qualitative exo.m1nation of the concentrated samples '\•ras m'J.de 

by placin[5 a fe'\<T drops of the (5r"::.vi ty precipta.ted material in a 
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't1'ell sllde (as desor1 becJ by \·food, 1965) o The only objects uh.ich 

t"H)U1 n h~ 1 r1P'!1t,i ft<?d in the :J.cid-treatGcl 2lides ( 3t",tion I) war:: 

diatom fruatules, for the tre~tment destroyed all org~nisms containing 

calcium carbonate (coccolithophorest foraminifera) and other delicate 

phytoplankton (naked fla~ellates and dinoflagellates). Preservation 

\'11th Lueol 1 a iodine (St:J..tion II) probably destroyed the flagellates 

and perhaps some other delicate orgn~isms. Consequently, live 

examination (St'3.tion III) proved to be best for a complete picture 

of the populationo Abundance ~~s determined by examinin~ the slides 

and estimating the relative proportions of the most common organismsa 

The follm·rinc; publications uere used for identification of the 

or(5anisms: Cupp,l943), Gemeint'lD.rdt (1930) $ Rabenhorst (1933), 

Schiller (1930), Schmidt (1875-19-··), Van Heurck (1880-188l)a 

Nost identifications ,.,ere made only to (3enus, due to the quantity 

of material to be examinedo 

Results 

Temperature variations are seen from Figo 4 to vary with 

incident radiatlont the hiGhest temper?.tures being reo,ched at about 

1300 to 1400 hours. Other vari9,tians are probably due to such 

factors as aloud cover, rain, eta. Houever, it does not seem that 

there is ~ noticeable difference betw·een the offshore and ba.y "raters. 

Salinity chanses, altho~h they also vary seasonally, can be 

seen to vary ui th the incomin13 and outaoinG 11ater masses (Fi~;o 4). 

Here, the hiGher salinities are found a.t lou tide, due to more 

evapor9..tion in the bay th:'l..n in the offshore 'tf::t.terso Thus~ salinity 

might be used as an o.ccur~te indication of the true time of slack 

tideso As seen in FiBo 4, the high and lO't'T tides, indicated by 

the l011est :::md hi3heot salinities, respectively, 't·tere bet·m~en one 

and t't•TO hours l::t.ter tb.D.n those predicted in the u.s .. a.&G.s. Tide 

Tables (1964), as corrected by Platt (1960, unpublished), who found 



the tides in Ber).r Cut. to bo fifty minutes l:t.tsr than those o:r 

Governnient Cut. 

The variations found in phytoplaructon popul~tions are ~iven 

in FiGBo 1, 2, & 3, and in Table lo 

At the first station, Chaetoceros spo (possibly Cho diversus) 

was domin~::mt at lm·r tide, and far outnumbered other orGanisms 

presento Navicula and Cocooneis dominated at hi~h tide, but the 

total high tide population w·as siGnificantly smaller th:J..n that of 

lm·r tideo The paucity of orGanisms in the first six samples is 

very likely due to faulty tre"'.tment of the organisms u·hen the slides 

uere madeo Ho't'rever, a re~ular cyclic pattern C.3.n be seen. and 

probably should be eJctrapolated to include the first six S!J.mpleso 

At Station II, five "~:Teelcs later, Chaetoceros sppo t·rere also 

dominant at lm-r tide, but in this case, there ivere a Gre'"'.t many 

different species present, all in good quantityo Here, Chaetoceros 

di versus (?), Cho affinis, Qho laciniosus, n.nd .Q.ho didymus i·Tere all 

quite abundanto Ni tzchia closterium and No seri::t.ta trere abt.mdant 

with the Chaetoceros population. At hi~h tide (0130) the Chaetoceros-

N1 tzchia population almost diss.ppeared, beinG replaced by various 

species of No.vicula,. ''rhich could not be identifiedo The second high 

tide (1400 hours) did not foll011 the precsedinc; pr~.ttern, al thouch 

Chaetoceros uas aGain depleteda 

Fluorescence co1.mts, m8.de at Station III, shouGd a gre~.t 

abtmdance of chlorophyll-conta.ining organisms at lovr tide, almost 

entirely due to chains of 3keletonemo. cost3.tum, accompanied by 

Rhizosolenia fro.r;illissima, another chain forminc; specieso There 

was a greo.t de':tl of morpholo{!ic'J.l vari ':l.tion i'Ti thin Skeletonema, 

the cells varyincs from lon13 and slender uith very short connectint3 
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act~.e, to short, broad .cells connected by much loUGer set~.\8 0 
DinoflaGell~tes were very ~bundant here, especially at hi~her tides, 

a {!re':l.t variety of Peridinium sppo beinG observed., They could 

perho.pa h..'lve been import':l.nt at other stJ.tions, but ivere not preserved 

by the methods employedo On this date there ''~~.s a very strong and 

const;Jbt east 11ind i-thich tended to delay lou tide and r~.1se hich 

tide, by pushing the irater inl1llldo This, e.ocompanied by the dis­

crepancy in tides noted in fiGUre 1, ,,rouJ.d probably have delayed 

lO't·r tide by at least t110 hoursD coinciding 1nth the cho.n[!e in 

population at 1900 hourso It should also be noted that the predicted 

tidal range ,,.,as considerably c;re'?l.ter here, than at the other ti'TO 

stJ.tions. and this was 'l.mdoubtedly augmented by the stronc; 11indsC! 

Discussion 

It can be seen that there is c;re':".t variation in the pbyto­

plank.ton population in Bear Cut as the ttdes change, the bay 

population bein3 present at lou tide and the offshore one at high 

tidep id. th regular grC~.dations durinc; floodinc; and ebbinG tides., 

Also 11 there uas a considerable cb::tnc;e in the domin':l..nt species o.s 

the season progressed. It is interestinG to note that almost all 

of the abundant species in the bay population 11ere chain-forminc; 

types ( Chaetoceros and Skeletonema, n.s 1·rell as Rhizosolenio. frac:1111s­

~' N• tzchia seriato., and Thalo.ssionema n1 tzchiodes ::tt various 

times) 1 11hereo..s the most characteristic offshore types 1·rere Navicula 

and Cocconeis (sinGle, oval-sh:J.ped o.r(janisms) o Also of interest 

is the fact th"1 t i·rhen one species i•T8.s dominant, it 11~s accompanied 

by other members of the same genus in laree quo.nti ty ( Ch'l.etoceros, 

Nitzchia, Nav1cu1a). 

Biscayne Bay is very shallOi·r throughout most of its areo, 
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( USU.'llly het,'leen 1 &nd 4 illo deep), the only deep are~~s (liO ma or moro) 

beinG in Government Cut and the Hain Ship Gh.a.nnel 1n the northern 

half of the ba.y (Morrill a..nd Olson,. 1955) o For this reason, the 

wind h3.s a great effect on 1·.rater circulat_ion, 11hich 1muld thus 

vary aonsistent.ly with the seasons, since prevailinG winds vary 

with the seasons, as t·rell as \-rith daily fluctu"1tions. ,'\lao, the over­

all sh.a.llmmess would cause a great deal of turbulence, especially 

\'There depths chanGe abruptly and a st·rift current exists (up to 3;­

l{nots in Bear Gut) o Consequently .t eval u3.tion of this phytoplankton 

data as to origin of populations, etc. is extremely difficult, if 

not t::~.ctually imposcible. The or3anisms "t·rhich are present in small 

quantity are probably of no use, except for the demonstration of 

turbidity (Pleurosiama sp. - benthic, Licmophora, Achnanthes -

epiphytic) a The norm3.l pattern of tidal aircul8.tion throUGh Bear 

Gut is 3iven in Ficrure 5o 

The species i.'l'hich !lre very abundant at lm-r tide probably 
area 

come from the/south of Rickenoo.aker Cause,-vay to about Dinner Key 

Marina and the middle of Key Biscayne. The hic;"h tide species 

probably come from the offshore '·raters east of Key Biscayne. 

Since more uater comes in throueh Bear Gut on the floodin[! tide, 

than leaves at ebb (Horrill a.nd Olson, 1955), the dominance of 

Sltelstonema in so many of the samples of St8.tion III 'HOuld 1nc1.ica.te 

tb.at the bay population proh.'\bly extends :J.t leaat to thG end of 

Bear Gut, the offshore popula.tJon entering the i'lestern end, where 

the samples uere t:?..lt:en, only '1.t the peale of hic;h tide. The 

earlier predominance of CW.etocero51 (Stations I & II), seems to 

be more limited to lou tide, and probably 1ras not s.g extensive, 

at le~a.st in the direction of the Guta 
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3ince the tuo populations uere alun.ys quite different and 

relatively distinct, it Hould seem to be a relatively simple matter 

to follm·r the popu1'1tion ch-m(!es of a.t le~.at the northern half of 

southern Biaoa.yne Bay by takin(; n sample s.t lOi,f tide from the docko 

Centrifugation, fluorescence counts, and live examination 1·.roulcl 

take no more than an hour and, if done every four to six days, 

would probably present quite a clear picture of seasonal c~~(!ea 

1rl thin the b:J.yo The offshore populo.tions, (!enero.lly uere not as 

distinctive as the inshore ones, al thou(!h occaisionally a.t the 

peak of tn(!h tide (Station III, sample 5, being quite ~ bit hi(!her 

than usual due to Hinds and sprinG tides) many ne't·r (!enera "t·rere fonndo 

Conclusions 

lo The protoplanlcton popul~tion in Be:tr Cut ,..,,.o found to 

vary 1·ri th the tide, species from Biscayne Bay beincs present at 

lm.r tide o.nd those from offshore n.re:;~,s domin.,.tin(! at high tidea 

2o Chain-forminG species '·rere found to be extremely abundant in 

the bay and rel:1.tive1y scarce in offshore ii"aters, i·rhereas Naviculoid 

types domin"'.ted in the latter area .. 

3o It is concluded th.:..,.t seo.sonal ohD.n(!es in the bay could be easily 

follm·rsd by samplin3 every four to six days, from the !'1::1.rine Le.b 

doclt~ at lm·r tideo In further studies deal inc; i•rl. th the tides it 

must 'be kept in mind that the tides are influenced by 'l.·rinds, etc., 

and may not correspond very closGly to those predicted in the 

U.S.C
4
& GaS. Tide Tableso For this re.?.son, s3.linities should be 

t8,ken to determine the true time of the slc..ck tideso 
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TablE) 1 
PRO'l'OPLAN.KTON :3PTI:CL'~S FOUND IN BZAH CUT (HAFWH - i>J.l~.Y, 1965) 

Dominant 
(Very abundant 1n 
many samples) 

Diatoms 
Cbaetoceros di versus (?) ( lo1-r) 
Cocconeis spp. (High) 
NayicU1a spp. (hi0h) 
Ni tzchia closterium (lOi'l) 
Skeletonema cost'J.tum (lm·r) 

Sub-Domin?.nt 
(Abundant in 'l fe,·r samples) 

D13.toms 
Oh::wtoceros affinis 

..Q.b.. laciniosus 
Ch. didymus 
Nitzchia seri:J.to. 
Rhizosolenia f.r~pillissim':l. (lou) 

Dinofl~.[!ella tes 
Gymnor:l ini um l<J..custre, etc. ( lm·r) 

Present thro·-1c;hout 
(more than ~ of samples, 
not abundant) 

Diatoms 
Amphora sp., including 
A" birt1bba 
Ao laevissima 
11.a pellucida 
Ao proteus 
Coscinod1sous sp., includinc; 
Q. asteromphalus 
Co excentricus 
LicmoDhora sp., includinG 
L. dalm:~.'tica 
Lo grandis 
Melosira sculpta, etc o 

Ni tzchi:?.. lon~~issima. 
Pleurosic;ma anr:ulatum, etc. 
synedra spo, including 
.§. crotonensis 
s. fulr-ens, etc~ 
Thalassionem9.. ni tzchiodes 

Dinofl "·Gello.tes 
Peric1ini,J1n sp. includinG 
P. a.ciculiferum 
j. B.rocld 
..I:. claudi cans 
P. Gr:.nii 

..l'.pellucidum 
P. solidicorna 

Fla3ellates 

Common 
(found in about .Z to .l; of 
samples, not abUndant) 

Diatoms 
Aobnanthes sp •• including 
K. coa.rcto.ta. 
A. subsessilis 
Asterionella formosa 
Asterionella ja.ponica. 
Cbaetoceroa sp., including 
Ch. brevis 
Ch. inr-olfianus 
Fragillaria. oceanicus, etc. 
Grammatophor~ an~ulifera 
Gro..mmo.tophora m':l.rina 
Grammatophora undul~ta 
H~stor:loia rostrata, etc. 
Pla.r:iop.r:1rnma arer-orianum 
Rbaphonais amphioerose etc 0 

Thaln.asiothrix fpauenfeldi 
Triceratium spe including 
T. bullosurn 
T. punctata 

Coo coli thophores 
Ca.l yptrosph'J.era, etc. 

Foraminifera 
Discorbis sp,. 

Tintinids-

Rare 
(found in less than -i- of 
samples, very scarce) 

Diatoms 
Am!hiprora 
Auacodiscus 
Biddulphia aurita 
Bo laevis 
13. tuomeyi 
Campylodiscua 
destodiscus obscu.rusa 
Cym3.tosira belaica 
c. lorenziana 
Cymbello. spp. 
Denticula indica. 
Diatomatenue 
Di tyl um bric;ht"rellii 
E.ncyonema 
.8ucampi:1 
Gomphonema 
Hantszchia SPPo 
Hemio..ulus 
I stli'1lia 
Navicula schu1tzii, etco 

/J, 
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(·ra.ble 1 cont') 

Ro.re (cont') 
Di:t.toms 

Nitzchia sp. includinG 
N.::tcicularia 
N. fe.scicUlata. 
No b.o.utschiana 
N., lorenziuna 
N. navicUiaris 
]J. panduriformis 
N. sitra 
'N'. va da 
Plar;iogra.mma vp.nheurclci 
Pleurodesmium Brebissoni 
Pinnulnria 
Rhizosolenia setigera 
Schizonema 
Stephinopyxis Ealmeriana. 
Striatella interrupta 
s. unitunctata 
Surire la. fa.stuosa 
Thalassiothrix !onaissima 
Tripodoneis 

Dinoflagellates 
Amphidinium 
Ceratium fusus 
c., hircus 
"Exuvieiia 
Prorcentrum 

SilicoflaGellates 

Note: (high) £1.nd ( lo1·r) refer to the p::..1.rt of the tidal cycle 
at 't'Thich these species i·rere most dominLmtn 

/3 
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