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CORRITATICN CF CULENTS
with the

DISTRIBUTION CF ZOCILiNKTCN IN LAKE MINDOTA

Introduction

The structure of a typical inland lake is thousht to consist of lavers of
womogen
homogeneous water, It has been assumed, and there is some supprorting evidence,
that horizontal variations in the planiton at a specific denth are nearly rendom.
ticker (193¢) found that tle horizontal variation in zooplanltton in Cultus Lake,
B.C., erceeded fandom variation, but that all things considered a single central
station is satisflactory for sampling purposes. In lLale ipissing, Ontario
Langford (1938) sasipled 10 stations in a line and found no evidence of a trend
in the numbers of Daphnia., Ie foind them randomly distributed at the surface
and nearly so at one meter, On the other hand Verduin (1951) has found senarate
populations of diatoms in Lal'e Jrie tliich were anparentlv related to the
hydrography of tle region, However, the phrsical dimensions of lLale Irie

place it in a different class from Cultus or lipissing.

Here in Iake iendova ve have found thet significant non-random horizontal
variation of zoo»nlankton does exist, In this respect it has been rore —rofit-
able to consider the lake 2s a small ocern, hence consisting of non-homogeneous

horizontal layers., Imucciately we are confronted witli an entirely new concept.

In an ocean water iiasses are formed, tronsported, and wmixed with otlier water

)

riasses of different properties. The biological cormunities present in the vmter
nasses are transported to neir locations where they may continue to reproduce

or merely exist as immigrants, In a lake the situation is not cuite so broad
because tine species present are endemic and behave as active ponulc’ ions,
llevertheless we shall show liow even in lalle iendota the planlkton is concentrested

and trarsported from one location to another,
&
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This sort of problem is not new to ogcanographcrs. Darias (1905) con-
sidered the probler: for the lorwegian Sea, Sorme (1933), (1934) reexanmined
this arca ard gave a nore adecuate cxplanation of the maintenance and transport
of Calanoid populations as roloted to the iovenents of the water in this sea.
liore recently Redfield (1939), (1942) ard Redfield and Beale (1940) described
the relation of the circulation of the Gulf of llaine to an imridpgrant population

of Limacina retroversa, tl.e Chactognaths in the gulf, and a Calzcnoid comrzunity

existing there rith o lindited connection to the open ocean. Russell (1935),
(1939) has used certain planktonic species as indicators of water tiovenents
in ti:e Forth Sea., Overdrup and Allen (1939) showed the relationship of diatom
distribution to the water nasses and currents off the California coast. Cne
of the rost recoent contributions was by Carruthers (1951) in wiich he proposed
the tern "fisliery hydrography" in an cffort t» define the problen iore exactly.
Ilumercus other torks (see references) could be cited to illustrate the point.
The letcorology Depertrient at ilisconsin 'as been studying the circuleotion
of Lake lendota for several years (Reports to University of .fisconsin Lake
Investigations Cowmrittee, Farts I to VI). During the last two years this
cepartnent has worked in close cooperation with the biologists working on the
lake, Some of the products of thiis joint relationship are presented in this
report .
Mcthods
Prelininary sampling showed that the horizontal variotion of zcoplankton
in Lake kendota was not randor, The variation also cxceceded by mony timss the
saripling crror, It nust be noted that by variation we mean large scal
changes from one location to another, not micro-varictions due to foaiilines

and other widespread, but individually snall, phenomcna. The next step was
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to investigate the mechanisn or mechanisms producing and maintaining these
variations.

A typical experinent which shows the novenent and agsregation of
zooplankton under the irfluence of wind driven currents was conducted in
University Bay during the spring of 1952. University Bay was used for this
particular experivent for three reasons: It was bounded on tliree sides by
land, its current pattern was better uncderstood than any other region of
Lake lendota, and its size was convenient for the experiment planned., The
bay was covered by a grid of 15 stations, each of which was carefully marled
by a buogge Dach day for tliree days a team of bioclogists sampled the plankton
and a tean of meteorologists made current neasurements at all stations, by
sirmltaneous operation of both tearms, the entire area could e covered in about
tiree hours,

Daphnia nulex was the zooplankter used for the study, Since tle experi-

nent was carried out in nid-iApril, its vertical distribution was no obstacle.
his is true because in early spring before the lake has stratified; and the
surface water is cuite colcd, D, pulex is most concentrated at about one meter;
and since tlie survevs were made vetiveen 9 a.m., and 12 Noon vertical migration
was slight.
From the data obtained by these surveys, it was possible to construct

synoptic distribution maps of D. pulex at one neter, current streamlines,

and :aps of horizental velocity divergence of University Bay for three con-
secutive days, oy horizontal civergence we iean the spreading or stretcliing
of an area of water uith thie consecuent vertical wmotion of the water to
replace that lost by divergence. If one were to pour water from a pitcher
onto the floor, it would diverge horizontally and converge vertically.

KN a

Sirdlerly if a liguicd is sucked into a pipette from a fiat dish, it converges
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horizontally and diverges vertically., Near houndaries, vertical riotion is
always associated with horizontal divergence,

For the purpose of this experiuent, only large adult Daphnia representing
the winter population were counted. This automatically eliminated the
corplicating factor of “iological production. The death rate was rot lmown,
bt no evidence of urusual mortality s observed dvring this period as
it was later on.

Results

In Figure 1 the current situvation at one neter for tic first day of the
experinent is shown by streanlines, The distance between stresmlines is
inversely proportional to the weasured current velocity. The nap is solf-
explanatory for tle nost part. The wind had been west and changed to the
north curing that day, Figure 2 is a iap showing the distribution of vertical
velocity as derived from the current neasurenents by use of the ecuation of
continuity. A positive value indicates ascending water and a negative value
cdescending water,

The map in Figure 3 shows the distribution of D. pulex at one mcter on
the first cay of the experinent. The gradient within the bev was not steep,
inereasing froi a concentration of 9 to 320 per cubic meter. Such -ow
censities incicated that most of tl.e zooplankton had been swept out of the
bay by the precediig westorly irinds. 4 little searclins revealed the sitvration
of f ¥Ficnic Point where terporary awxili~ry stations were established 50 yards
apart. Here the gradient was sharp, going from 23 to 22,000 ner cubic netor
within 200 yards. Unfortunately no convergence data are available for this
regiop, but as will be showm later, tliere was very likely a zone of convergence

there,
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By the second day (Firuvres 4 and 5) the situation rad changed radically.
The wind was fron the east-northecst at approximately 20 nmph. Velocities
of the currents at one :ieter were generally about twice the previous day's
values, he flow was westerly tlhrouchout the entire bay excent near the bar
across tle head of the bay. Here a 180° reversal was observed, leading to
very rapid convergence iiiediately out from this station and »robably all
alon;; the har. Soue convergerce was also ocecurring near tlie center of the

3

bay i:outh. The effccts of this change on thic zooplankton were nost strilking

but not entirely unepected.

The Dephnia distribution niap for tle second day (Figure 6) shows thct the
nass of Daphnia off the point has iioved into the bay and was still aggreseted
with densities up to 15,000 per cubic meter. A second cell with a density of
1,000 per cubic meter has apneared near the center of the bay wiouth whore con—
vergence was occurring,

By the third day (Figures 7 and 8) tle cast-northeast wind had slackened to
10-12 uph. and as a result the circulation began to break down and change
pattern. Here we see the convergeince zone decp in the bay shifting to the
southh siore, The general vesterly drift reuains in the south half of the bay
nouth, but has deteriorated sciewhat in the north half. Velocities have
decrceased and the inflow along the point is being leld close to tle shore.

-

The soutlierly shift of convergence near the bar was rcoflected by the
Daphnia (Figure 9). & tongue-like distribution began to swing out into the
bay. This tongue distri» tion is a cowion pattern which has been obhserved
before when large concentrations of plankton hove et with on obstructicn,
whether it be a land mass or a currcat of water., Notice thet the cell or

riore or less aiscrete group in the movth of the bay has shifted to the north,

but has not nenctrated the bay to any extent,
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The experiiient was terwinated the third day. However, nore surveys
carried out 9, 10, and 11 days later rcvealed tiiat large concentrations
still cxdsted off Ficnic rYoint wile the bay was nearly devoid of large
Daplinia. On t.dis occasion a steady ncrthwest wind swept tlic plankton across
the lake toward the scuth shore. Then a strong east-scutheast wind sct up a
current pattern that carried the Daphnia into the bay along the south slore.
Aggregation again occurred neer the bar ulere final concentrations reache
tlie pheronienal values of 200,000 to 2,000,000 per cubic neter, 3y volume
this renresents 800 to §,000 cec. per cubic neter, Lbout this time large
scale hatching of the eg s beran and we $eliove that the largest »ortion of

the young Daphnia representing tie vernal zooplankton pulsc for tihe whole lale
L |

originated in Univwersity Bay and the south end of the lake generally.
<

General Discussion

It is guite clear fron tliis experivient as well as from otiier similar surveys
tliat the congentration of Daphnia at a particular location nay change by several
orders of ia nitude vitlin 24 hours., In the light of the closc correlation of
the roveients and aggregation of tie zooplankters with ti.e i.ovenents of the
uater, it sceis reasonable thiat thc czplanatio; of tlhic verintions in cencentra—
tien is related to the physical forces at work,

Vie have atteiptoed to construct a math:ematical nodel of the precess irvelved
in cauvsing argregation of Daghnia and otier plankters to annear and rove about
the lake, Naturally such o rodel is iceclized and will have lirits in its
application, but up to the prresent it is tlie hest explonation we leve of the
phenoiecra that do occur,

The tlicory is based on two assuapticns, First, it is assumed that the

Daphria =ove borizentally in a randorm nmanncer, This secnis reasonable g e
b o 4 ¢
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since pelagic animals can have no visual points of reference and rust rely
entirely on temperature or clierical gradients to puide them in thei. lateral
novenents, In a large inlond lale such gradients ney be reglected. The
Second assu.ption is that the Daphnia orient themselves vertically by the
gradient fron tle surface, Vertical temperature anc chenical
gradients that occur later in the scason only nodify this criemtation.
This .eans tlat tiie Dapinia will tend to wzintain their depth in spite of
vertical currents existing in the lale, Laboratory experinent has verified
that tliesc aniials arce able to asceud or cdescend at a rate greater than nost

N
1~
+J

vertical currcit velccities cbserved in Lalie Mendota, romely, 1 centincter
per second or so,

With these two assurptions in ivind, we shall proceced to develop the
ucdel proposed. fis a starting noint we shall take the ecuation for the dis-

tributicn of a conservative variable in thic sea as developed by Sverdrup,

Johnscn, and Fleiing in The Oceans.

L = Iddy diffusion
/£ = density of water

v = velocity of currents

8 = planiton concentration
b o A v ey 1 s oA e\
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This cxpression equates thic local change of concentration to the effects of
diffusicn end the chenge of flux of the variable (plankton ccncentration) in all

three dinersions. Breaking this dovn we cbtain ecuation (2):
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In this ecuation the middle secticn is aon expression of the ecuation of
continuity which for an ircompressi®le fluid such as water is equal to zero,
However, since Daphnia tend to maintain their depth, tleir vertical velocity
rust be zero., This periiits tle other two parts of this ecvation, namely the
velocity gradient in the x and y directions, to give tlie whole expression a
firite velue which represents a depa;ture fron the equation of continuity.
This is thoe koy to the wliole problor. Sctting = = © to describo no
vertical motion by tiwe. Daphnia and p} = o by taking tle current in the x

direction and tlicn siiplifying we obtain
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The idddle ternm is the horizontal volocity civergence and the last tern is

he horizontal transport-of the plankton or adveetion. In words tho couation
reads:

Local change «f concentration =Diffusion- Divergence —Advection
This cquation says that the local change in concentraticn is due to the

cordined effucts of diffusion, advection, and horizontal diwvergence. Diffusion
acts only in tue dircction of deercesing concentration. Therefore it a’ways
tends to destroy variatien and produce uniforuity. advechion Lerely inplies
nat variations already present will be tronsported past a given location

according to the directicn nnd rapgnitude of the currents. It cannot produce
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the variations. Horizontal divergence is the nrocess that produces variation,
By divergence (or convergeiice) we niesn tlie latersl stretching or contraction
of the water, .ith water alone t'is necessitates vertical currents, but with
Daphnia e have already assumed tliat no vertical motion exists, Therefore
convergenice will tend to increase Lie Daphnia concentration while divargence
will tend to decrease it, Since we can measure civercence, we should be able
to neasure tiie rate at which tlie animals are concentrated.

Trial calculations using the ohserved values of plankton density,
planikton censity jradient, end lorizontal divergence l.ave given results of
tie corrcet order of magnitude which is ahout all we can expect of an
equation of tlis sort, Since tiie values obtained for advectionané divergence
nay ciffer by one or more orders of masnitude, it, is a sinple natter in e
particular situation to find out hetl:er one process is dominant or “oth are
acting at approximatelv ecval rates.

Conclusion

he following conclusions are based on tliis and other simi’ar experinents
on the gzooplankton distribution:

1. Horizontal variation of the zooplankton of ILale Mendota occurs in
a non-random pattern,

2. Study of tihe pattern ! as revealed its close re’etion to Lhe currents
and ospecially to tlhe simultaneous effects of divergence ond the nhototactic
response of the aninals.,

3. The idea of agrregation and transport of zoonlankion rwst be ‘ept
in wind during any atterpt to saiple tlie zooplanlton of Lake liendota and

probably other lales of similar size.
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Le The whole phenoricnon ray be described by an ccuntion which can be
evalunted from actual field nmeasvreaents of plankton concertration gredient

4

and current velocity distribution,
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