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OREWORD

This Bulletin is published in furtherance of the murnoses of the
"ederal Water Resources Research Act of 1964, The vurrvose of the Act
is to stirulate, sponsor, provide for, and sunpvlement nresent vprograms
for ihe conduct of ref‘f%rch, investigations, exveriments, and “he train-
ing of scientists in the field of water and resocurces which alfect w
The fet 1s vromoting a more adenuate National vrogram of waler resources
research by furnishing financial assistance Lo non-Federal res

er,

earch.

The Act provides for establishment of Water Resources Zesearch Cen=-
ters gt Universities throughout the Hation. On Sentember 1, 1964, =
Water Besources Research Center was established in the :“v'uato Oehool
as an Interdiscivlinary component of the University of 3 The
Center has the responsibility for unifying and s ﬂ'mu.Lat,'n{a Tmivers
water resources rosearch through the administration of nds coveraed in
the Act and made available by other sources; coordinating Universily
W with water resources orograms of local, fOtate and
nd vrivate organlrations throughout the Stat
training additional seclen for work in the field of water rosourcesn
through resesrch.

leral apen-

cey and asaisting in

This Bulletin is number 84 in a series of publications deszigned tn
present information bearing on water resources research In "linnesoba and
the results of some of the research spongored by the Center. This ¥ulle-
tin is concerned with the effects of calefaction unon members of Lhe
animal portion of the Lake Suverior ccoswvstem.

This Bulletin serves as the HYesearch Proicet Teohnical Cormlet
Report for the following Center vroject:

OWRY Project No.: B=097-Minn

Matching GCrant Agreement No.: 1h=31-0001-L097

Project Title: ‘Thermal Tolluticon and Second 'rophic Tevel Fauna of Lake
Superior

Principal Investigator: Wayland . Swain, School of Medicine,
of Minnesota, Dululh

iversity

oject Fnded: June 30, 1975

Project Began: July 1, 1973 Pr

FCET-COWRR Resgarch Category: 05-C

Publication Abstract:

The objective of this study was to examine the effects of calefaction
upon members of the animal portion of the Leke Superior ecosystem. Addi-
tionally, certain cneci s which are widely avallable were also utilized in
order to establish & point of reference which could be used by workers in
other parts of the country. The conventional approach to a nroblem of this

vi

sort has been (o measure
comuunity and attemnt to

of an effluent source on a snecific

cand the ecological inlerrelationshing of the
altered envivenment. The method described here util f':h’z%"m(*n*r
of an artificlal segment Lake Buverior in a carefullyv controlled labor-
atory setling which ceuld will In order to observe i/he innacts
of each change unon *he community.

unnders

a method of obgervation of oresanism he
of the nomdation, but 4id not glter the

fuctt a melthod wos develoned and 1s dege
thod enabled measurement of crilical i
logical and behavioral responses which vrovided a baseline for work witl
thermal additions.

rvior

Critical to ih 3
which allowed remote monitorin
environment of the test SMﬁTTMl«/
in a succecding :

b

ction.




THRITRODUCTION

One of the single gresatest managenent problems of the oresent
decade 1s the creation of large volumes of heated effluents by manufacturing
Processes azﬂ steam elmétrlc pehera‘“ ing nlants. The conseaquences of th
relesse of hegted wo » water 1s becoming of increasing concern with the
present rate oz" acceler aflrm in the use of water for cooling. Authorities
have estimated that by 1989 as rmuch as one nquarter of all surface waters in
the continent lnited Btates will be used for cooling in mamufacturing and
power generalion nrocesses.

clear that manarerial decisions with regard to discharge of
thermal ftucnts are eminent, regrefably, :u,l too 1ittle data are available
to support this anticipated molicy formulation.

Lt
the most
is a very desirab

> Surerior 1o singular Lhe largest, coolest, and gimultanconsly
body of waler In Norih America. As a <t<‘m~:<—>qu<“m'e, it
sonrce af ing water, and potentially one of the
most fragile with resnect Lo Lhe immact of Lhermal additions.

At the prezent time, there are nore Lhan sixty-Tive sower gencrating
facilities on or immediately odjacent Lo the freat Takes., O this total,
six are nuclear-nowered unibs Cinee the avrarent abandonment of oluns

for a brecdor-r r at KI’\L‘(’ Wiver, Minnesota by the Union Carbide Companyv,
no nuclear-nowered instaliations have been suprested for lake Cunerior.
However, ac demands for cooling waler continue Lo prow, Take \'un@riw‘ will
become an Increasingly desirable resource beesuse o it nnd

erally low temnerabure of its wablers.

oogen-

The oblective off Lhis study was to exanmine the effocis of con
upon members m the animal poriion of the Tnke Suverlor crosyvs
tionally, ¢ sveciog which are widely wvailable were nlsg
order to establ a polnt of reference winich cou
other varts of country.  The conventlonal approsch Lo o vroblem of this
sort has been bto measure the offects of an of‘fmc-mr sourcs on & snecifie
community and attempt Lo understanl the erological interrelationshing of the
altered enviromment. The method deceribed hore utilized the establishment of
an artificial sepment of Lake !mperior in a care fully controlled laboratory
setting which could be modificed will in ovder to ohoerve the imoncts of
each change uron Lthe test organism or commnily.

Tofaction
. Addi-
utilized in
Id be unced by workers In

Crit

cal Lo Lhis stwly soa mebthod of observation of orpanism behavior
which allowed remote moni Lor'mﬁ of the nopulation, but did not alter the
envirenment of the test animals.  ueh o method was develoned and 13 deseribed
in a succeeding section. "his method enshled messurcment of critical vhy
logical and behavioral resvonses which nrovided @ baseline for work with
thermal additions.

This work is far from completed. Even al the time of thin writing, offort
g Torward in studies desling with the response of urvthermal organisms
Lo small inerements of incressed temnerature, It is honed that the atudies
and the dats contained in this rerort will make some small contribution to the
information base required for effective management of thermal discharges.




NON-INVAS

REMOTE MONITORING SYSTEW TOR INVERTERRATE

PO

ATTONS

General Considerations.

In order to measure the resvonses of organisms Lo envirommental stress

in arn adeouate fashion, it was necessary to develovn an electrenic svstem

capable of performing a continuous monitoring function of mimmte crustaceans
over a long veriod of time. To vrovide significant adventages over existing
methodolopy, a new system designed for remote surveillarnce or monitoring of
any living organism must vossess at least The following charactoeriati

L. The syetem must eliminate the necessity for surgleal imlan-
tation and the potential for alteration of organism resvonse.

T
I3

svotem must avold the addition of restrictive weipht to
organism,

3. The asystem must not, as a result of its operation, generale
or cause altered or unnatural activity.

e

om runl be able to oro
extonded poricds of Lime.

riste continuons informntion |

Do The syatem must of fer o high depree of accuracy with a mechanism
provided cannble of storage Tor ullinale

for "hard cony' ds
rotricval.

;. I'he annot be denendent for obsereviation upon any parameter
wlii e ofTect phveiologic funetion or organiom behoavior.
T.  The system must offer a wide latltude of options providing for ag

wide o latitude of anplicalion as rouzible.

Whern Lheose general or basic characteristics are considered, another series
of eriteria musi also be mel.  Tnbereastinglyv, Lhese eritoria for remote monitl-
oring of orpanisms in frecshwator are identical to those required for sensing
of the earth's environment Trom remote platforms, 1.e., the uge of satellite
imagery.  For o given syo

em, these requirements ineclude:

I. The gyalom must be able consistently Yo monitor minute
les with a high degree of ¢ rney.

2. The system must be cavable of undergoing periodic confilrmation
of data until a characteristic signature for each new parameter
is established.

3. he regolving vower of the bhe defined.

L., fThe system must be able to estab h the vosition of the orgar
under surveililance in time and space with precision.

5. The syslem must consistently nroduce an ¢
to noise ratio.

centable signal

L believed Lhat these twelve wemuirements are admi
in the design of the aystem utilized in this studv. Th ]
tiong that arnenr to t oare 1) the necessity to 1imit the maximum dlis-
tance botween sens d, 2) the fact that the avaten
cannot be applicd te marine environments hecausc of zalind L.

ablv sat
only major

o

Le Yonitoring Oysthem.

Descrintion of the |

Historical cor Non-invasive romote 1sing of vhvsiologic
and locomobor activi of acualic smecien has been o long-sousht resenreh
goal. Farlier studies degligned to as: vhvsiologival paramefers associated
with behavior of the aguatic organism ther sericusiyv aliored Lhe
environment of' the test population {(arr wnd Wol e, 19555 Hurris and HMason,
1958), or have beon depeomient Cor whs i« observation woon the chiel varumebor
of concern, light. {llarris and Wol Fe, 19555 Hary and Masorr, 19585 Bain-
bridge, 19575 and Viaud, 1951). 7o overeome these ohg tacles, thermistor
monitors have been used (Mousner and Inrieht, f)v/\(), and hag olmn] amelirien—
tion of organtsm induced bioelectric potentinls (Camonpis, 1960, froor, of al vy
19715 Prummond, ot al., 1973, Goodman ard Welnberger 1971, Uoabn, 1€ ’)

This study reports o new Lechinigue Por remolo non-inhibiting muni‘t,or'nut of
aguatic Invertobrate vopulalions using o moditied imordance conversion

Initinl o
sion woro con mmalian
within blood ver fI’r‘iok@, 19773 1
knowledge of Lheir observalions, it was reasoned |
converslion mipht hold pariicular promi
of the movenments o [reshwator inve
indicated only one recent rofercnee

mmall

which untilized impedance conver-
s Lo monitor Lhe moverrnls of et FLhroeyteo
10705 Mybore, 1970).  Pased on
hat Lhe use of impedonce
for remobe non-invasive monite
o nopulat lons. Availabt
Lhe use of Lhic Leehniaue

in m

[ RPN

bure

i Inverioe-

brate porilatior Lo, Lhe detormin ool rdine activity in Orihovorans
(Miller, 1073).

i S ( een T opad ] v 4 - - .

Theory and deseripllon of the svetom. B defingt Devedanee 1o
resistance Lo Lhe Mow of alternating careont sgel poy Tw more sooe i Cieally
1o . P . A
defined ae the nerarent toba] ovoosltion Lo cureent PMlow in an alternatings

current circult corresnonding Lo Lhe Lrue reasi
Impedance is eque
force in the
usually oxpr

Lance dn a direet earcent.
Lo the ratio of the reot mean sagunre (mes) wlu Lromot e
ireuil Lo the root menn couare currvent vroduced by it
d by Lhe fon: A

by oarel g

where A = Twnednnce
R = Owmic resintanco, aml

i¥ = Reactance



Regctance is further defined as th
nating electric current caused by the ?

Reactance, therefore, mayv

clreunit.

3
iX = i
o fe

where
= Freouency, and

o o= Capacitones

, anv change occurring in ¢
tance (1X) wonld of necessity Intuce

int.e

It w dicteciric o thrust

yoanpear which tend to w
Thiv weakened ffield io
diffeprence botweon the viates of o

plates.

o brie,

moved belween Lhe

Olnee aguanlic invertobrld
or witer the flow
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SLem owns i
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ienb iy nensitive,
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A variety of agquatic organisms has bgen tried with this exverimental DESTON OF FXPFRIMENTAL CHAMBERS
svstem ranging in size from the conevod Limiccafanus mactinus, some 600
microns in average body length thrs drarontly naiads of “he genera Anax
and Semafocliforna of more than 3 Lo rentimeters in btotal bodr length.

General Principles.

As was noted in the introductory section, impedance conversion technique
has been used as a standard procedure for certain medical and physiologically
related problems. To date, no application of this method had been made to
invertebrate organisms residing in the aguatic environment.

Since mest aguatic invertebrates are small relatively active forms, a
series of chambers were required in order to allow for a complete range of
motion of the crganism and to retain the test animal in fairly close vroximity
to one or both of the sensing electrodes.

Characteristically, impedance measurements in mammalian species are made
with Implanted needle electrodes. Initial studies in chambers constructed to
receive needle electrodes proved frultless. Tigure 2 shows an early column
25 x 10 x 105 mm. {ID) which was constructed to monitor copepod and cladoceran
movements. This method of construction was abandoned since the needle electrodes,
when used in sequence, acted as antenna resulting in the amplification of high
levels of radio frequency (RF) interference and raising the signal to noise
ratio to an unsatisfactory level. This masking effect is shown in FTigure 3.
Several other chambers utilizing needle electrodes were constructed with simi-
lar limited success. In these installations, even the use of shielding or the
construction of a Faraday Cage did not allow for the reduction of RIFF signals to
an acceptable level,

Studies by Spoor and Drummond {1972} revorted success using stainless steel
grids in a direct current system utilizing amplified FKG motentials. It was
reasoned that such success in a direct current system might also have appli-
cabllity to an alternating current system of increased sensitivity.

A series of test and organism specific chambers were then constructed
using type 30k stainless steel wire cloth as sensing electrodes. These wire
grid electrodes were cemented with a non-toxic plastic polymer to opposing
walls of the chamber. While other configurations were tried, this arrangement
of electrodes seemed to provide the most stable and consistent results. Coax-—
igl cable was utilized to construct five-pin shielded leads to further minimize
extraneous RF signals or nolse from poor electrical contacts.

Test results from the use of experimental chambers constructed according
to this pattern gave excellent results. From this arrangement, it was pos-
sible to monitor both gross locomotor activity and smaller appendage movements
of & variety of crustacean invertebrates including Daphnia sp., Musis nelicta
and Limnocalanus machusans. Figure b shows the differences in the characteristic
base signature between Daphnia and Mysis. Tdentification of various portions
of signature for Daphnia and Mysis is provided in Figures 5 and & respectively.

The distance between grids was found to be a critical factor in the
reception of clear, accurate signals. It was learned that signal input could
be maximized if the distance between electrode pairs exceeded the overall body




Early needle-glectrode chambers (right, both topn and bottom)

later grid models {(1eft, both top and bottom).
led to the development of

Figure 2.
as compared with
Single chamber experiments (top)
columms (bottom) to observe vertical movements.

8

Figure 3.

Masking effects of radio frequency (RF) interference {ton)
and extranecus unfiltered 6OHZ signal (bottom). )

9
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Figure S. Charazcteristic impedance signature for Daphnic. Major spikes
represent gross whole body movements and lesser mesks are the
response to second antennae movements. (Sensitivitv 0.00%;
chart speed 5 mm/sec. ).

Characteristic impedance signatures of Daphnia (top) and
Mys.is (vottom).

Pigure b.

10




Figure 6. Characteristic impedance signature for Mysis nelicta. Major
spikes represent whole bhody movements, smaller pesks were caused
by tail movements. (Sensitivity 0.05, chart speed 25 mm/minute).

length of the test organism by approximately 1.9 to 1.75 times. These values
tend to place the organism closer to one electrode grid than the other, maxi-
mizing the signal iransmitted to the impedance unit. OGrids placed closer to
each other than the range indicated above confined the organism too severely,
restricting its natural movements. Further, sensing gride located in cloze
proximity increased the probability of gross motor movements in physical
contact with one of the grids oroducing massive recorder-pen defiections when
a high sensitivity setting was used.

Bingle pair grids were used in a variety of size and shape configura-
tions with 1little or no interference. However, in vertical series, it was
found that extraneous interference increased proporticnately with an increase
in grid size. Further, if vertical grid sequences were situated in too close
proximity to each other interference also increased.

The chamber constructed for vertical movement studies of mvsids was
L7.0 mm. square internal dimension. FEffective grid sizes for this column
ranged from 10 x 47 mm. to 50 x U7 mm. with a minimum vertical distance of
30 mm. between each successive grid vpair. This distance between grids was
a critical fTactor since the sphere of influence above and below each grid
pair was approximately 10 mm. Grid pairs placed within 20 mm. vertically of
each other caused the entire column to act as an antenna, obviating the receipt
of acceptable signals from the test organisms. However, If vertical prid
spacing was carefully chosen, the test organism could be contimicusly followed
throughout the lengbh of the column. Thus, judicious placement of electrodes
allowed the animal to migrate from the svhere of influence surrounding one
grid pair into that of the next grid pair without either the generation of
unnecessary interference or the creation of "dead svots” between electrodes
where detection would be avolded.

The maximum grid size used in vertical movement experiments was 0 x
100 mm. This arrangement produced excellent signal clarity. This length of
grid allowed the construction of a sizable column with verticallv stacked
electrodes Yo monitor vertical movement of organisms. This column will be
discussed in detail in a subsequent section.

Studies of Respiration in Response to Diminished Oxygen.

Cmaller chambers were also produced to study specific problems relative
to thermal phenomenon. A minute chamber was constructed to monitor the incu-
bation times of eggs of various amuatic species {see Figure 7). Yet another
sequence was used to monitor respiratory activity of dragonflv {Odonata)
naiads of the general Anax and Sematochfofa, some 3 to 5 em. in bodv length.
Using the generalized arrangement of elements shown in Figure 1, it was
reasoned that since one of the major consequences of increasing temmerature
in the aguatic environment is a dimunition of availsble dissolved oxveen,
that data should be available with regard to oxygen consumption of at least
gome of the larger species in the TLake Suverior Basin.

As a consequence, it was decided that dragenfly naiads would be utilized
because of the following characteristics:


http:detfl.ll
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T

Figure 7. A minute chamber designed to monitor emergence behavior
of aguatic species. Internal dimensions of this
chamber are 10 x 8 x & mm.

undertaken., Figure 8§ shows Lhe respiratory activity of Anax sn. short
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1. Because immature dragonflies have rectal gills, their resniratory
le can be easily obgerved by nulsations of the abdomen.

2. Dragonfly naiads occur naturally in impoundments, streams and
tributaries of the Lake Sunerior Basin.

3. EBarly electrochemica
consumption for re

{nolarograﬂhic) determinations of oxveen
tod ecies was available for comparison.

Studies of the resviration rates of both Anax sn. and Sematochforn sn. were
v after
wag introduced inte the test chamber. 'This and subsequent record-
ins are read in right to left seguence. The totnl wmeak Lo peak
grial generated by the resniratory movements of the test organism
equivalent to 100 milivolits. This total is divided on this chart and
sequent recordings unless otherwi snecified to wield 9.5 nercent of
nl signal per chart dlvision {sensitivity = 0.005). is ar from Lt
ording that the signal to neisce ratio even at thiz hipgh sen ivity is
te accentablo., Tn fhis sensitivity range, wunfortunatelv, gross whole bhody
from the center base-line

fure 9). However, a minimum of dats are sacrificed becaunse of the svatem's
omabic resed mechanism. In the instance demonstrated

organi
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+
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eure 9, a total
order can be tolerated
on.

ce the entire run wns of more than four hours durg
Subsequent modification of the remote monitoring system
addition of a Clark Tlectrode for inbermittent clectro-chemical determi-

fon of digsolved vxyvgen. This modlfication of the samnle chamber is shown

Pipgure 10, Hote sgloo that o stainless steel screen has been added to the

as ineluded

he insect. A secondary strin of stainless
he organism ond the apitation svstem of
clectrode, thus nreventing damage to the organism, and retnining
the Impedance elcetbrode nalr. A series of test sequences was run

r

syslem to analyze respiratory activity and oxvgen consumntion In
ive aquatic Insecls. Wherever mosaible, paired tracings at charl sreeds of

1 mm./sec. and 5 mm/aec. were utilized. Tigurces 11 and 12 are records of

one
cen

mg.

of

of these sequences which bepan at 8.1 me. /1. of dissolved oxyeen, 99 ner-

t of saturation, {(shown from 6.6 mg./1. in ™ gare 11} and ran throush 2.

/1. of dissolved oxvgen (25 percent of saturation).

Table T shows the general relationshinp of observed resviratory activity

levels of dissolved oxyren. In this studv, daba revorted are taken from

NE

arithmetic means of the 1 mm./sec. iracings, cxcent as otherwise noted. With

o]

a single exception, 2.2 mg./l., resviratory fregquency demonstrated a consistent

inerease from o mean of 0.45 resniratory cycle

s ver second {CPAY to a maximum

of 1.4 CPS, an increase of more than 3.1 times the original level. Resniratory
amplitude, with the excention of the 6.0 mg f1. valuc, was observed to unlergo

& concommitant decline from 19.5 scale units to 1.0 scale units (5.2 mg./1.02),
inerease to 18.5 scale units and subsequentlv diminish to one scale unit at

the

2.1 mg. /1. level of dissolved oxvgen.



Figure 8.

The respiratory activity of Anax sp. shortly after
introduction into the test chamber. Chart strin reads
RICHT to LEFT. I = insniratoryv fraction of the curve;
E = explratory fraction of ihe curve.
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Figure 9. FEffect of gross body movements on impedance conversion
tracings at high sensitivites. Chart reads RIGHT to LFPT,
GM = gross body movement; AR = automatic reset.
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Figure 1 . .
1. & sequence of respiratory responses of one Anax 4P+ naiad over a range
of dissolved oxygen tensions from 6.6 mg/l to 3.3 mg/l. Paired strip
Figure 10 Photogravh of the modified sample charmber showing the charts are identical tracings at different chart speeds. A,C,E,G,T =
& LM ihclugion of the Clark Electrode for dissolved oxvgen tracings recorded at 1 mu./sec.; B,D,F,H,J = tracings vecorded at 5 mm./
determination. sec.

¥ = respiratory frequency in cycles per second; A = respiratory
amplitude in scale units; Art. = artifact.
18

Instrument sensitivity for
all tracings was. 0.005, 19
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Pigure 12,
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A continued sequence of respiratory responses for one Anax 4p. naiad
over a range of dissolved oxvgen tensions from 2.9 mg/l to 2.1 mg/l.
A = tracing recorded at chart sveed of 1 mm./sec.; RB,0,D = tracings
recorded at chart sveeds of 5 mm./sec. ¥ = respiratorv frequency
in eyveles per second; A = respiratory amplitude in scale units.
Instrument sensitivity for all tracings was 0.005.

20

TABLE I.

Variations in the Respiratory Characteristics
of 4dnax esp. with Decreasing Oxygen Tensions

Respiratory Amplitude
Dissolved 0, in mg./1 Frequency in Cycles/Sec. in Scale Units

6.6 0.45 10.5

5.9 0.50 19.5

5.5 0.53 15.0

5.2 0.55 14.0

4.5 0.75 18.5

3.8 0.80 16.5

3.3 0.85 11.0

2.9 1.0 8.0

2.4 1.40 7 {from 5 mm/sec
records)

2.2 0.95 4 (from 5 mm/sec
records)

2.1 - 1 (from 5 mm/sec
records)

21



piratory activity also show charactc tic patterns
1s through 5.9 mag. /1. of dis-
ced the anticinp nodal
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This lesser vesk represented a k.6 fold reduciion over the larger respiratory
eyvele and occurred consistently nrlor Lo the major inhalation neak. This
chenomenon verasisted throughout vhe remainder of the run bocoming rmore
ﬁr‘onourzced as oxvgoen Ltensions declined.  As the amplitude of the major
resniratory cvele decreaced, thig secondary cyele reoresented as m

Iy - 11 o Y o - b
o yereaent o [ @l L e veral oo aLorw 284 2.
25 pereent of the amplituade of the overall recplralory curve

In order Lo delermine oxygen regquirvemenis and consumnhion rate: !
henthic insects, Rucger, ol al. (1969 utilized n nolarosravhic or electro-
chemical method of analwsis. The determinations of these workers wore made

on o varicty of agquatic Immalures uszing water In whic
wation.  Thedir doata Tor Aeshiia sp. indicates a4 cc
rate of 1h5 gl. 00/g. wet wi./hre., while in thic

a memher of Lhe family Aeshnidac, vielded o

dianolved oxyveen wns

Al or near sais motion

for Anax Ap.,

itudy, dota

mean rabe o ennsumelion of

Ton aloo declines,

Anooxvimeon saturabtion levels decline, oxyeen utilisz
Tn Apax spe, ol levels between 50 and G0 vercent of oxyesn satura‘ion, the
rate o conowset Lon deervonses Lo Q( RINININ (‘,’9_;’;;. wet wl./hr. A rate of
56,0 ul . Oj;/"(*,. wot wil /hr. was aboerved al levels of satburation between 06
and B0 percent. Similar declines were found when Somafoehfora spo wan tested.,
From an initial value of 107 wl. O/, wet wl./hr. 80 Lo 100 rereont of
saluration deelines Lo 79.0 wh, O/ wobt wi. Mhee and ST.0 ). On 70, wot
wh./hr. vespeetively were seen,

1367 . 0y /i wet who/hre. for values between 85 and 100 narcent of saturation.

YERTICAL MOVEMENT STUDIES OF MYSIDS

Oolumn Construction.

Diurnal vertical migration of crustacean zooplankton is a well recog-
nized phenomenon in the Great lLakes. In order to assess the imnact of
thermal additions upon this phenomenon it vas necessary first to attempt
to desceribe conditions prommting this resmonse. fnece a base line had bheen
drawn Tor hehavior under controlled conditions, it was reasoned that 1t would
then be possible to alter environmental narameters, e.g., the thermal regime,
and hence understand the effects of these changes.

Ut ilizing the system described in previous sections, a verticallw
extended chamber was constructed specifically to observe the behavior and
vertical movements of Mysd{s reldcta with respeci to altered environmental
conditions.

The monitoring units utillized for this portion of the studv consisted
of an exvansion of ithe impedance conversion technique. TFigure 13, shows a
generalized block diagram of the arrangement of elements comprising this
gyatem. The experimental column was constructed of 3 mm. plexigliass with
external dimensions of 5.5 x 5.5 x 129 em. An external frame was conslructed
to accommodate avnurienances assoclated with this monitoring system, e.g.,
light sources, filters, ete., see Figure 1k,

Again, tvope 304 stainless steel bipolar electrode grids were cemented
in placce on ovnosing walls of the column with & vertical distance of 10 em.
petween clectrade pairs (Figure 15).

In order to create temperature gradients eguivalent to those found in
a stratifisd body of water and to approximate the effects of thermal addi-
tions a heating element was ingerted equidistant between grids 1 and 2 and
grids 3 and b {grids were numbered sequentially from ton to bottom)., This
heating element consisted of 20 gauge nichrome wire {see Fipgure 16). The
healing element was courled 10 a rhecstat allowing a continuocus snan of
settings between O and 120 volits A.C.

Temperature at the midnoints of each prid pair was remotely monitored
and recorded on a YOT Model U7 scanning telethermister by Y8T Model Lol
thermistor probes (see Figure 17).

HMinute changes in light gradients were made possible by use of an iris
diaphragm optical illuminator. Since it was necessary to make light avail-
able directly from above and at the same time have access to the column for
introduction of organisms and the like, it was necessarvy to design an arrange-
ment for fixing the light source in peosition, but allowing it to be moved
away from the column orifice if necessary. Figure 18 shows the mechanism
designed for this purpcse. The illuminator was capable of eritical focus and
was always arranged to provide optimal illumination for the interior of the
column,
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Figure 13. Generalized block diagram showing the arrangement of comnonents
in the Impedance Conversion Svstem used for remste sensoring
of the vertical movements of mysids.

2h

Figure 1h,

of the exnorimontal column designed for remote
o the wertical movements o mrsida; a) the
column and 1ts associated electrode erids,
ernal frame, and o) the louvered light shield
surrounding the light source and f£ilter svstem {shown
in closed nosition).




e d

Figure 16,

Figure 15. A pair of binolar electrode grids of type 30k stainless
steel. The horizontal distance between these grids is
approximately S5 cm., while the vertical distance between
electrode pairs was 10 om.

! 26

Photograph of the heating element located equidistant
between electrode grids.



tical mipration column Showing Lhe

Figure 17. A photograph of the ver
arranpement of elements
e electrode palrs, o)

- a1} the healing grid, h - b))
coaxial cable from erld ratrs to
impedance coupler, and A) thermintor nrobe.

¥
Ll

Figure 18.

Louvered light-tight shield opened with illuminator in the
open vosition to allow access to the column orifice.



Spacing was provided hetween the 1light source and the column orifice
for the insertion of light filters (L0 to 60 nm wave length svread) to pro-
duce illumination for conly one nortion of the visible snectrum. Further,
intensity was modified by the introduction of 1.30%L, 1.00 and 0.70 neutral
lensity filters, {5 percent, 10 percent, and 20 percent transmittance
regspectively ). These were used singly or in various combinations with the
iris diaphragm of the light source to achieve the desired level of illumina-
tion. TFigure 19, shows the location of one such filter in its recentacle be-
low the light source.

The exterior framing and the baffled light-tight bhox containing
the light source were painted dull black to minimize the wmossibility

of reflected light re-entering the column from the sides. As a further
precaution, the column and the frame were wrapped in black plastic. The
entire column and frame were placed in a light-tight walk-in envirommental
chamber which would maintain the desired temperature at *0.1° . The
vertical dimensions of the chamber are limited only by the cost of the
necessary impedance hardware. In theory, the grid pairs could extend
upward indefinitely.

1
e

Effect of Environmental Paramebers on Myals nelicta.

To test the effect of temperature upon Mysis nelicta, five organisms
were placed in the column filled with Lake Superior water at L.87 ¢., the
temperature of the lake water from which the organisms were removed. TIn
a1l cases organismg were acclimated Tor a minimum of twelve hours in the
column prior to exmerimentation.

As the organisms ascelimatized in the column, characteristic signatures
could be ohserved at all levels throughout the test chamber {see Figure P0).
Tn contrast, when thermal shress exceeding the tolerance limits for Muysis
was applied, mysids vacated the area of thermal addition.

e

As was previously noted, with the use of nichrome hesting elements, it
was posslble to create a thermal nattern characteristic of & well stratified
i alke or warmed thermal plume over-riding colder waters. Thus, it was nossible
; with the arrangement of elements deseribed in an earliier portion of this
section to maintain a 4.8° C. "hypolimnion' and generate a 20° C. + "eip-
limnion”. Fwven at the maximm temperature utilized over extended neriods
of time (24-L# hours), the cooler "hypolimnetic” water never rose above
8.8° ¢. This increase was sufficiently small fthat it could be commensated
for by adjustment of the ambient temperature of the environmental chamber.

The results of this experimentation indicate that Mysis zeldicfa will
leave a given area when water temperatures reach 12.6% 0, and will only

| return when the temperatures fall below 11.4°% . Figure 21 shows a strip Figure 19. Photograph of the light source in nosition above the
chart recording of a distinct downward movement of mysids at 1269 ¢ The eolumn orifice with a light filter in vposition. Tor
heating element utilized for this study was located between grids 3 and & purposes of clarity, the light source has been retracted

serving to warm the waters associated with grids 1, 2, and 2. 1In all cases, from the upper surface of the fliiter.
mysids moved in a downward direction to escave thermal additions even though

A
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water to the b.8°0,
Heating element located between grids 3
Chart reads right to left.
sensitivity 0.05).
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they may have been required to move into relatively warmer areas vorior Lo
gaining the cooler waters below. For example, 1n order to escape 12.6° C.
"epilimnetic’ water at grid number one, it may have been necesssry to move
through 1% €. water at or near the heating element in order to arrive at
the 4.8° C. water of the "nypolimnicon". This characteristic downward avoid-
ance reaction suggests an born forced movement,

While yet unconfirmed with respect to other spatial dimensions, this
apparent forced avoidance reaction has been termed "negative thermotaxis'.
It is clear that much additional work in this ares is reguired.

As vreviously noted, mysids characteristically refused to re-enter
a warmed water mass until temperatures dropped below 11.4° €. This temn-
erature was regarded as the critical threshold for this organism. Figure
22 shows mysids returning to the uvner strata of the test column as temp-
eratures reach 11.4° C. after shut-down of the heating svstem.

Tdentical results were obtained when the heating element between grids u
1 and 2 was utilized. TFigure 23 shows the negative thermotaxis displaved Q‘ S
ol

by mysids at 12.6° C. and Figure 24 shows their re-entrv at 11.5° C. It

is also imvortant to note that mysids traveled freely in close proxinmity to
the heating element until temperatures of the surrounding waters reached
12.6° . It is also interesting te note that in the test column, mvsids
traveled to distribute themselves rather uniformly throughout the water mass
in darkened conditions. When the heating element between grids 1 and 2 was i
used, the distribution was again rather uniform below the source of thermal - ’
addition. However, when the heating unit between grids 3 and b was utilized,

all mysids congregated bhelow the thermal source, even though five organicoms

were crovded into approximately 30 cm. of vertical space. The stress of

thermal additions above 12.6% €. was apparently sufficient to cvercome

reactions to crowding and cause this resmonse.

SRS NS W wwﬂw‘_w\} } et R -

Other investigators, Smith, 1970 and Reynolds and Defiraeve, 1970, suggest
a temperature of 10.0° C. to 10.7% €. as the maximum temperature for long term
survival of mysis. Thesc values closely approximate the critical threshold
temperature of 11.4°% C. reported in this study. Beeton (1960) suggests that
mysids can and do enter waters with temperatures as high as 19.0° C. for short

4 .
M . . . - . N N . i i
periods of time during diurnal vertlcal migration. These obserwvations have mi b kAmr\J {kaj&WJiw hkﬁ , &5 JI, o |
I k . i ] ) ﬁ (N NI S
particular relevance for a subsequent section of this study, but do confirm w ﬁ m&dﬁﬁhu \J&ﬁnvﬁV“# ~ \A* A A

cbservations in the column experiments.

The effects of light were alsc measured on Mysds neldlcta. Five dark adapi
organisms were placed in Lake Superior wabter under conditions identical to thosr
described above. Again, organisms were held in 4.8° C. water during the course

Qf o?scrvation.' Organlsms were then subjected to increasing levels of illume Figure 22. An example of the return of mysids to relatively warmer waters.
1n§tlo§‘in the 640 - 700 nm portion of the spectrum and to various levels of Temperature st grid b was 4.8° C. and 11.4°C. at the other
white light. The red portion of the spectrum was selected bhecause Beeton (1060 grias. Chart reads right to left {chart speed 25 mm/sec,

suggests 1t to be the most sensitive portion of the myvsids visual svstem.

- : - sensitivity ©.05.
These findings were confirmed by the study reported here. When the 6L0 - 700
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nm light was used, the results ranged from no effect at lower intensities

to stimalation of a short term negative phototaxis in the mysid nopulations.
At 1.45 watts/meter? and grester, the illumination caused organisms to migrate
downward to the bottom of the column for the period of time required to
acclimate to the new Ilight intensitw. owing this accelimatization period,
the organisms would then return to the levels at which thev were observe
prior to exposure. Table IT shows the gradually incressing time of acclima-
tion with increasing light intensity.

M

Acelimation time for exmosure to white light ranged from 0.8 minutes

to 6.2 minutes over an intensity range of 0.0-0.5 watte/meter?. Wnile a
general tendency toward increasing acclimation time to increasing intensit
appeared to exist, no direct relationshin between these two factors wes

sthablished. T each case, however, a light gradient was established ir
the exmerimental column. Fipure 295 presents a curve for Light intensities
uzed for one sueh trial. Intensities for this run were lC.?u watts/mm?
face of the column; 9.3u watts/om? at grid #1; 8,20 watte/om?
at grid #2; T.1u watts/om? at prid #3; and 5.8y watto/em? at prid # 1.
Figure 26 shows the reactions of Tive mysids 4o this continuous challenge
of white light. The onset of the illumination is indic >4 by the arrow
{chart reads right to left). The time regiired Tor initial reaction to
the new light regime was 0.16 minutes. After this initisl lag veriod, all
mysids migrated to the bottom of the column. The total time required for 0.9 0.00
this 70 me. movement was 0.96 minutes. Tipon reaching the bottom of the ‘ '
chamber, the mvs spent 1.64 minutes prior Lo beginning movements toward 1.45
the surface. A total time of 6.16 minutes was required before mvsids T
acclimatized and again reached the level of grid #1.

TABLE II

Acclimatization of Auule o iiete to increasing
intensities of 640 - 700 nm light.

at the gu

Intensity of Light Acclimation Time
_(watts/meter?) __in Minutes

0.3 0.00

0.24
1.88 0.48

3.1 0.72

38 3G
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Figure 26. TReactions of five mysids to the white light regime shown
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LAKE CONFIRMATION OF LIGHT STUDIES WITHIN SNLECTED THRERHMAL REGTM

Introduction.
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of Llight, and 2
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Mason (195
response, bul, not
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concentration near Lhe
rise following sun
a descent ot doawn,

A series of lake crulses esitablished the thermal
T BSuperior at the time of the study. Organism grouns
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dark desceribed subsequently. The acciimatization nroce was
over a geven—iay neriod and once the annronriate temperatiure wng reac!
organisms were held for an additional seven davo.
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Thug, once the elfects of temperature on the vorulation were minimiz
the impact of light on 1% r behavior could hornetlly be Judsed. With th
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Review of the Titerature.
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gration, therefore,

The phenomenon of diurnsl veriical mipratinn of pls onie animnds
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(197271 and Cushing (1950}, Farly investipgalors notod an ineresse in
in the urver strala of water in the evening as onvosed Lo relalivels
2l mid-day. Since then, much work has been done on the nhreienl

Lthis daily rhythm (Russell, 19073 Hardv and Paten, 19435 Cucshing, 1950, and
T

19515 Hardy and Bainbridee, 10503 Bavlor and Smith, 19573 Wells, 196035 Becoton,
1960 MeNaught and Hasler, 196L; and Swain, eof al., 1970). More vecont
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erature, however
Lo the mechaninmg
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Tt is thought that factors such as currents, food,
Tight and intrinsic physioclogical rh"i hme may nlay o role ia Lhia mecharism.
Hardy (1953) proposed thal verti mirration cvolved for horizontal distri-
bution of limited swimming organi by enabling these forms Lo take advantas
currents at various devths in

DYoesayure tLomrerature,

ol & varielty of horizont: laree bodies »f ter.
Internal currvents have also been found to influence vateohir of nlankion
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nositlore

concentrations (Btaven, 197L). Beeton, (1960); Swai 1, Wilson and Weri
notilced a direct correlation between 1ight and thermal repimes on the
ing of Musis neldlcta (Toven). The vertical mipration of Limiccalaid machuhas.,
Daphuia netrocwrva, Pontoporeia affinds, and Mysds Ap. in lLake Michigan was
Tikewise reporited Lo be influenced by temperature {(MelNanpht and Hasol a1y, 1960
Baged on previcus work of Michael (1911), (larke (1933}, and Ullyott ”:Q?O}
most authors agree vertical spatial stratification is controlled exogencusly
by changes in light intensities.

Gmith and Bavior (105%), experimenting with
reported them to orlent at right
orientation of the organisns
Similar findings were reported in a
in the

Harris
magna {5t
Jake, 1) a vhotokinetic resvonse vrecinitating s dawn rise during

8) renort eveless

sugprests Lhat myalds

{1943, veported

), and Melaught
Lheir
Firdd data of
u hetber mnderstanding of the mechanism of
the studvy of

shwater cladocerans,
angles to a vlane of wolarized light, This
shifted as the nlane of wvibration was rotated
study of two marine

fleld as well as Iabaratorv {RBainhridge

and Wolfe (1955) in » study on the vertical
~ans ) found two independent mechanisms at work:

the

low intensities
an orienting vhototactic resmonse during high intensities.
and apgrocing with the findings of Viaud (TQ,) L}, Harris and

Dapluida magna stil1l exhibit the phobokinetic
plactic one. Beeton {1960) in his study on Husdis
are hvoersensitive to light, resulting in their
bobtor during the dav. At nipht, after thelr initial
the mysids subsequently became vhotonepative causing

that clodocerans not only reanond to

alse differentially to varying wave Jenglhs., MeNHaught
(1971), extracted visual nigments from davhnid
regponses in an effort to relate this Infor-

speclral s
des at depth versus zoovnlankbon catchea,

light

intensit
vertical mi-
the visual phvsiolegy of zooplankton in
ted to data of niche strabification from the field. The
is to pregent preliminary work of the field partion of



METHODS AND MATERTALS

Ingtrumentation.

stavdies were made with
sourions resnon:

Sampler consiruction., In
designed sampler constmucte& tu
metors investigated, and S0 ma i
envirommental (,uru.w,tioni;. The prototyne avparalus was renorted by
Yardvy and Paton (18473}, Vising newer materials in its construction, improved
refractive indices as related Lo water were achleved, thereby allowing better
estimations of the effects of Tight intensities on zoonlankion vositiondng.

ze the oppanism’s response to normal

o Lh

The ol er (?igﬂnﬁ 27) was constructed of o five-meter lengih of nol
carbonate t;ubin{f 10 centimeters In diamcter, divided into 1 meber sgeclbic
The top of each sechion we ith a volyvinvl oh ide (PVO) fittine
with internal serew threads tac-ment o oo similariy Shroaded
on the succeeding scetions, hottor of en ’ ineluded
stopperen dralncock and a v ovalve.
held open with o valve rele Y . AL sueh o nins were attachod in sories
ith a release cord, which when pulled from above 1iberated nll the ning
simultane thereby tLrivping Lhe valves and senline each sectlon.,  Tige
wees 28 and hotograrhs of Lhe ceolumn orolobtyrne,

ao soring=lowmded and

The top seetlon contalns the hyilrowire horneco and was covered with
#00 Swiss Uilk Bolting Cloth {173 mesh/ineh). Sinee the lower osction of
the bottom section wag also similarly covered, eseane o Lthe organisms was
prohiblted, although water could frecly enter cmfi " Hhrongh the svotem in
its veened state. A ball valve oltustod in Lhe hoLiorm sechilon allows witor

low

nto the column upon descent, bul ohstriets ihe exit during asceont.  The
whole svatom is ctabilized by o 27 Rillopgran weichl susrended from the Dolbtom
section by means of a wire harness

Tholtometer Construction. Light readines wero toaken with a
i Ineorvorating o Clairex (15051 nhotosens
Lor and a wide band micro-asmmeter.  The moter in dArivern by a 1.0
cadmium battery which activutes a photosencitive transitor in ser]

the microsmmeter U‘i@“lﬂ‘s‘ 30). Hensiti vity 1o shunted through a

precision {0.01 percent) re*"'wor which nrovided extromely accenrale readines
in a range from 0.05 to 300 (w/n’).

constructed pholomet

1

Two identicul photosensitive ceolls, o sen cell and o deck cell {with
aceeptance angles of 589% were utilized. Light striking surface of Lhe
photo-cell alters the electrical r sance of € vhoto-transistor, in bur:
varying the current in the cireunit and is uvltimately reflected ln the roeadin
of the micro-ammeter., The values, in micro-ammeres, vere converted o wabtlr
ver square meter by means of calibration (see ipure 31} with a Tekironix J1-
Digital Photometer and a YSI-Kettering Model 65A Radiometer The i
of the photocells to various wavelengths of light is shown i,n Plpure

Test Drganisms.

The test organism, Daphnia magna (Straus) and Mys (s relicta (Loven),
were cultured in the laboratory using the methods deseribed by Diesinger ar

Figure 27.

Hydro-wire

Screen of { H PVC Fitting
Boiting Cloth 3
Polycarbonate
Tublng
Buttertly Veive —
Valve
RAsisase
FIRFRURT Bolting Cloth
Pln, —Bell Valve
Thraeds Spring-loaded
Bali Valvs

Relense Arm

Figurs 25. Disgram of the Vertics! Migration Column.

~—Harnsese
A -Top Ssclion; bulterfly veive open. Vaive
B.- Conter Section (one of thras); vaive clossd. I Welght
C.- Bottom Section: ball veive opened for fowering.
Waight

Diagram of the vertical migration column. A. top section;
butterfly valve oven, B. cénter section {one of three);
valve closed, and C. bottom section; ball valve opened
for lowering.

Ls
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Figure 28.

A side view of the top, s middle, and the hottom section

of the wvertical migration column. Note hvdrowire harness on
the top section and the stabilizing weight (22 kilograns)
suspended from the bottom. Fach section iz one meter in length.

L6

Figure 20.

Lhree secbions of Lhe
Teft, 4o yigtty 11 an onened
release nin, @) & closed hubler

A close-un view of Lhe hotte
vertical migration column.

butlerfiy
wnlore, and 2} ball valve as
Stopnered draineocks are oif

Trowibh o valye yeloase i
abnye the hatterfly wvalves,
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Figure 30. Clreult diagram of the Photometer.

Photemetric calibration curves.
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Christensen (1872) and Smith (1L970) resrectively. 'The 7. magud were hoth
light and dark adavted at 12° ¢, and dark adavted at L° 0, in envircmmental
chambers.

thyee 105

ey
IR

envivonmental chamber was Illuminated with
s incandegcent aquari buths, each inserted into

ste reflecho regimes Lo which the test
i were subjecled were In o vange of 27 te W w/m”. D, maana vere
; for a minirum of one month before exverimental ficld use.  The
D. magra from the same
with n ligh
alimated

i

100,

ovk enltures wvere kept in a darkensd cont
it=LIlpght leeding arorature.,  Dari-adonted
vorjod of one monbh before heing ur

me Lo which Lheoe

forTls wers
<1 dn the 1
orgenions were expoased was helow Lhe reshal]d
: of dotection of available pholometers wxd radiometors {Tess than 0.001
micro walts/aquare centimeters).

When morting Lo the Field, 10 orean
) 3 f

grouved in prorerly 1ab

of aimilar

Woere

Pled vacuum botllen.  Thoese botl]

vere 1ised fo
U0 0L, and
he from Lhe dark-adavtod Torms. These oremeilsng wero
tranaTerred In the dark and ctored For Lwente-Cour hours before uso,

In retalive consbant temporsiiares of anproximats

oxetade i

SO

Cnee tod

onoon board Lhe roncareh veonncol, the Loms of Lhe vacuum hobt Tos

with the Tiphl-ndanted orpganisms were removed and Lhe conbalnors were sef in

a sheeled area below deek, The durk-—adavbod Porme were keni in Lheir coenled

% SENSITIVITY

conlainers, brorder to minimize Tieh!l chock while in)

et ing beot animal e

‘

ware Lrans loree

wlb into the column, Lhe gomnler was subrmersed T Lhe waleor and She oreandoms
Vel v,

o Tar fachion usigt o W7 C0 1 ommern-
8 ture., i were nee darhniids vere exneeled to
resnond Lo abTe Tieht 1 the nuner Tavers with ey oreviousTy measred
at 107 . Whe myoids, howoever, oo exnectod Lo oriont Loward vireh orontor
: 2wl s (hynolimnion) o which Lhe femperinine ¢ rench above LU, The

denciby o walor,

Centembor 190 1973, ewperiment
1 <

of the huluth Pamping Shabion belwesn Lhe Lentor aml e

i Minnesotats Sorth Shoreline 1.9 stalute miien off=shore

55 10,600 resching :

ANGSTROMS AT
valvens were

desired Legt

fin

4

dTpn Were mote

I A
4000 8000

Lhe seet fon:

Lhee column were o

3 seby]
irnto the onen pociiion and the saomelo
wore Lhen

fded, and the ool

into Lhe orcond

wiey wnon love
owed

4oapecific leved.
and 1iphl nesciremen

trypdng bhis neriod, Secchi

wore halk

serlos of three dro were made eoch neing Tlve dark-sdanted
. .

3owere ranidly vinced 1o the column Lo

rold weelimatisant ion

to Light and were lowerod to denth, The run wac bemun at U7 Lo 4R meteors

Figure 32. Wave length gensitivity of the photoecell.
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RISL 3OAND DISCUSRTON

On deviember 10, 1972, samnles were taken in *he
Ih»}vlmzh ™Mo i ng fon {(between bhe Te cer oand Talnadee
miles off-sho I measurements werce |
station and durd every dron,
per sauare dopthy,
skies. ¢ noearve inslde the
meanur it Yhe enbire wobor onlamn with

caken Impsdiat

sramnle

delormi

rrobe Tnasorod

showp in Wigpee 39,
thle difference was

Inside the column, A compnrian
With Lhe excention of the

belween Lho Lwo curves,

Velne Tlve dapek-

Veodlroms were peode

Fhl measirements were oo,

:
between 10:75 and 10:h5 aum. » ot aegentiod
Fignre 36 ) i
Minimme Vi

wlantod s s wliota, irce siees
1
W

fon in owtarbs Witk very o

ToveTla,

wwes bho iy orlonta
-

v lnen cehiowved In ot sagnod

ey od s e

unt Lo v 4

PeeLhe

>

wil i, unre metere Phe deor—galor et ol

o indivabe o tvrergemsitivi

i
» {100 reian

Phe aconrrenee of L ho

Bhoto Dipght Tove e neniovod i 405 -
P, Reeobon {
bl ler of 0 3 10=0 foet

Lestocondibions vonorlod e

dark-:

Teoalthemdt e confiem Ui 0 A Lnegquence of Nishegnend vkt o

' Soood Samelors (i1 g
| ;o crnp veagnenee o Phe Togrests M T Ter Saynn
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Light extinction curve and Secchi Disc transparency.
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Figure 36. Disiribution of dark-adapted Mis (s neficta in




drops. The 1
apnarently in
- organisms In bl

ret groun of ten

section
of nine

to excessive light leve! The orien

d T meter ct.ions of run ind

apparent, avproact: Lovard an ortimum light regime., This ie Turiher

by trials 3 and b in which both grouns arc vositioned in the ton

The orientation of fen fLest Individuals in the froun trials suggFoe

!‘ the oolimum ronge had been exceeded,  The general ddstribution, there

was botweon 7 and 17 met s deptn. Corresponding Tight values far

depth were obzerved Lo be 30 Lo LS w/m?, closely anvroximsting the
tization values of 27 to 38 w/m?2.

i

P

way ag the ] )
ity to high light levels

wh h, the rovulations eoriented in Lhe LTower

Valuen Tor Trial 0 are not rey abtrument. fallure.  TFinallyv,
L in tris Soand O dispersion was observed. Partieuiarly in trial 6, the
: porulal ~al i ovtimum light regimes.  Thic
atre 2hofo 30 meters in depth, was obhserved to provide

1 5 1o 1s 20 25 30 35 40 4§ 50 55 petween 6.0 to 10,0 w/m?, an apsroxinate
§ i § 1 1 1 1 | 1 1 | 1 P

1l
i

2 ered oue
| INTENSITY IN WATTS/ METER

1ight regime

wur—=Told reduction as comnnred

1 with Lhe Light adarded formes.
' o]
; 5. . n Anctheor Tactor influcncing the vertical mipgration of zoovlankbon 1o the
I 2 wave~lensih of 1ight penebrabine Lo various sbirata. Ple thla Tactor was
“ 10 — 3 n n nol cpecifically addressed in Lthis siudy, o nowber of authors have alrveody
3 ﬂ n investigaled Lhin phienomenon with interesting results.  TH has Tonpg been
54 ) n n m known Lhat (adocern nog Leichromalic vision (lie"bm“th\\/, 108, Dince
4 n then, Purther informalion cupgects thal bhey respond i fferently Lo varying:
20~ n intensiticn o celeeted vave-lengths of light {(Smith and Bavior, 19533, and
a ] n - that the plastleity In Lhelr vicunl apnaratus enabiles them to adanl to
z n draslic chuanges in thedr pholic snvironment (?ﬂo?l:\ur{hi’, 1671 ).
LR n . .
o n In the studies renoried here, It chould he noeted Lhat iy cane of
354 the Tipht-ndapled organisms, 1.e., Paplia magna, the rosponse of thece Forme
f apparently inceoroorated both Lhe parmmelsrs of intensity and wave-lornsth,
z 40— daptation of the organisms woas accomol lohed with white Tight, Incorreral i
= cmost, 10 not all, of Lhe wave-lengths of concern.  However, when tost in
w45 the wuter column, the organicms orienbed al o level of bluve-preen wave-lengih
o flux equivalent to Lhe re VIowhite Light radiation to which thoey hel
50— been exno during acce! s factor supeests s mach stronper rela-
tionship between total intensily and wave-lenghbh than had been previ |
§5-] suspectoed.  Furbher, 1t apoears that intensive investigations of this n
60— omenon wou'ld make o very produchive contribution to the understandi of

vertical migration.

Tigure 7. Distribubtion of light-adapted Daphnia magna in
the sampler.
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Figure 38.

Distribution of dark-adapted Daphnia magna in

the sampler.
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HORIZOHTAL DFMPERATURE CRADIENT RYPRERIMENTS

Having ohserved the effects of thermal addition on the vertical he-
navior of crusiacean zoovlankton, a horizontal chamber was constructed to
cbserve the nositioning of warm (1B.0°C) and cold {7.0°C) acelimated Daphnia
to a thermal gradient, A generalized line diagram of this ¢
in Figure 30,

wambey 15 shown

The chamher was constructed of plass and nlexiglass. The oubter water
Jacket (100 % 10 x 5.2 em.) was constructed of nlexi glass. Tt was designed
to allow cold tan water £o enter a single inlet on the "eold" end of the test
chamber and exit via two overflow tubes at the "hot" end of the chamber. The
experimental chuamber (120 x 7.5 x 2.8 cm.) was constricted of single sirength
window glass to take advantage ol the higher thermal conductivity nroverties
of this substance as comvared with nlexiglass. One end of the chamber was
emersed v an fee bath, while the other was supplied with a heabting tane
connected to a rheostnt. As tao waler was Torced to slowly circulate slong
the Tenglth of Lhe water jackel, a thermal gradient was established in the
temporature chamber. 'Mis arrangement of elements allowed for the develon-
ment of the temmerature range used for testing hetween 7.0 and 18.0°C.  Toth
higher and lower exlremes were develoned, but were not utilized as study
narameteors.  Throughout the cxrerimental mrocess, a uniform lighting of 0.10
+ 0.07u wniﬁ/s‘»,«"vr?t? was used. ALl Lemverature values were confirmed with a
Digitee BHIC dipitnl thermistor Lhermometer accurate o + 0.2°90 with resolu—
tion of 0.19C. "Thermistors were inserted nl eipght ovoints along the walls
of Lthe experimental chamber corresnonding to ithe following Lemmerature
Tarmes

T - 8.h°c

8.5 - n,a%
10.0 - 11.h°%¢
1.5 - 10.0%
13.0 - 1h.heg
th.s - 15,90
16.0 - 17.h°0
7.5 - 18.9%0

Probe hoads were shifted as necessary to monitor the suwatial variations
in these temporafures.

Daplnia adapted to 7.0°C for a minimum of € weeks prior Le testing were
introduced into the experimental chamber at 7.0°C. TFor the first 15 minutes
following their introduction the U(Lr?fm.lfﬂ. remained In the 7.0 - 9.9% wortion
of the gradient (see Table 11T)., With additional time, Tarhuia acelimated
and moved to a higher temperature. After 60 minutes these organisms were
observed high as 18.0°C. Results indicate that although aceclimated at
7.0°C, most organisms were observed in the warmer waters hetween 10.0 and
1L.L°%¢,  This table and the two rreceding tables represent the mean of ten
observations of ten organisms per trial.
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Table 111

Temperature Exposure - Horizontal Chamber
Japhnia magna
Low Temperature Adaptation - 7.0Cc
Organism introduced at 7.00c

Temperature in Degrees Centigrade

Duration in

Minutes 7.0-8.4  8.5-6.9  10.0-11.4  11.5-12.9  13.0-14.4  14.5-15.9  16.0-17.4  17.5-18.9
1 9 1 - - - - - -
5 7 3 - - - - - -
10 10 - - - - - - -
15 6 4 - - - - - -
o 20 4 ! 3 2 - - - -
Y 3 2 2 ] 2 - - -
30 3 3 2 - 2 - - -
35 5 0 2 1 1 ] - -
40 2 3 3 1 ] - - -
45 3 2 3 1 - - 1 -
50 i 2 4 - 2 - - 1
55 - 1 2 3 1 - 2 1



[a%)

S5Y

v

[ae]

59

™3
o]

L

0

SaTAU LK
Wi uoLyeang

°8-0

8

-0°0L 6°6-57

Lt

£'GL-5"7L Pri-07¢tL I

priL-0791

At

6°8L-§

eaadua]

yua) SsaubaQ ul suan;

+

apeabi

SLH

U

51

I

eg
[BIUOZLUOH - 94nsodx3 sunjed

B © L0y

- uorjesdepy aunjedsdy
PU

[l
i

200781 2¥ PIONDOJLJUL WS Luehug

2007

auws |

™
L=

-
W

Jaquiey

-

AL 9198

AV YT DOARUT 0T W) N:\LEQ D0y
» . . — . .
WU

Wwdom Sild ol
27 pUL adne
BRI I PHEP S 9161

moul {Gun L)
. :P.EL&?QC;‘ Pf

tdap A OTQR,

FUTBEY

LU

gy
SUTY I

)




3 TED
o
—
1 t — e e e~ ) et
o ~t
~ 1 ware undert dance
— e
ot chamber me s i G box ! 15 . ) was cusmende
. ISt e
Faa
- stoee
1 ] 1 1 1 13 1 ] -
@ con
o i i~chuy
—
cone omnorm
o
5]
—
i H 13 i i 13 i H H
o
t
—
p .
@ ¢ :
, sm Q mm «t un Lo 0 cont .f: the hobtonm , ,
s mvu M % < fhe Lomme hevlow “his el Ll :
> =3 [l o Tme 1 vt ey . SR IR B B s
5 = . . . . . . ) , , | Lime it ponehied ,.é:,;. [N
= 8 Aot B rol reees e agrie
] “+2 P e (]
jong - jy .
o = o @
MO >
om0
[ S P w
o olm o ol o
S| g @ .
s o ol ew
] oo ey | —
) miT O b} 1 i ' ) 1 [aN] [aN] — i
P W el e al w0
0 - n_ + .
o S clo o =3 -
[ [ R e o H
[ e} b R ]
O M+ O @ .
= o [ '
[BW) — 4+ = H
o -2 s
[8} 0t i3 »
, < = [ -
-5 @& — (3] —
, +2 b © Y i + ¥ 3 [aN] od ™3 o~ o
) e El ©
5. g &1 @ Y
o T = o
o e T —_
=3 I JOr
@ e . ;
b Lemme viroument were rat bofrom et
& Lomne : urce bemuseniorc aring >
[ LS N S Y e e time neeiod,
[Ts1 —
o Tournd f. for thig thnime, 50 - roprenentod the
all wh immediate thormal dea arred. T yoexnnned
<r reviv 3 Tater of the
e} addit ; isme exvosed Lhrausho 3
A ! ! ! ! ' ! ! showed related effoech: As wonld be exnectod inered il stre:
— general v resuitod in a shorter surviva for oxnened
relationshi o is shown for selectod
additional daba accoumiiateod on recovery
= thermal shock also demonstr inere
P time. Over a range of 2,570 (39.5°0 to 39.0°C), recovery
2 pad nearly 3 fold. At the unper end of the thermal spectrum, a one
+2 — X9} oD [29] <D o> LOY (29
T e o Laaad [aN o3 o7 =
=
=
=

66




Light source
Owilioscope\'

Chart Trwo«bv
i
+
5

/

3
¥ 3 + §‘
| 5 i :
° 2 £ gg =
- o :
~ bl
E 5 O i P,
- 3\ A
\ TUNSLY
)
1 = \
3 :
= - <
g 3
=g
_J/ 3
:
21 [ y " s . ,
5 9 w 2 - o Led 8
% 3 S . E] Do Ut ®imuisduwe)
: 5 e &0 -3
& E 5 . - =
: = g%
‘é - %% 5
g8 3 § 3
£3 -4 ;
— £ o
= 2 - s
= S
i
: 19 1i ; howd " e . i i ays ) Y sent, 1 ot
Figure 40. A generalized line diagram showing the arranpement Floure L1 Tlme} (iff d l.*’ﬂj\ to 160 Dei‘u;nt mortality of test
of elements in the low temmerature studies on zoo- populations of adult Daphnia at varving short-term
nlankton thermal exposures.

68 : 69




Lure rise accounted for

time. These rel

LD Are

these 1o ave derdoted in Uabt

winontal

haoe phunorenon ranged  {rom oo STeE
hent coma (thermal shoel )y, At 20, 500
hrood novel Wit
EXTIE

aive.

mon b

el led Prom o tlis

[

n: ey

el o vLe Looxtroms

s the woung woere con

AL TS Tenyin N . . - o F. B .
Adiilionn] daly were oblained on the snrvivoray iy of npem

nesonY

execd Jed by heat shoeked Paplaréa, Table V1T ghows The numbes o€ nposepse
e e e 4 ! LT ERANRSI MRELER S b
expelTed amd bhelr subarquent merd al wapd Lopmeralrey “h
daba arve ;en rayed in Wigoare L3 T
e vt ) - ) . * ’
,. ) e Lereralare
onvironment 1
i [ Sl bo bhe wmax ey exeocn e Lome )
pernbare ., Do mimbeor o pecdieed (Table VTTY peflec o
Lime avalinble Lhe cioanlam helweer S T
IEFET] Yy .y . 1 0 «
o b 30,570 oot [ e e L
Moot ntuner ot R7 LU0, |
|
p4

The shone

rli

i
i

wihowi i

vl Dperenc iy toorme slreens

e He . O .7
Lhe Lime oo nnelhygeit cary iyl o7 e soegnndem Ty
}‘ ot V : ! e e . i
{ sl o Fyivemsamire o0 (oeson e . oy e N
, . udivg bocarme cloar Lhab pongoinged rro ot et T
i slfecboo by st —tory eRposiee Lo oabed o0 gents
4
1 gt PR f
‘ VL Lol torane s e ¢F Sbhetr voonank ' ors e
Mryd eyt el o e o h H / N
] 11y conenada , Tg nrenontTy onead . "4
i
L | :
il
%lJ -4 é
; b3
K

a - 10
n-10

5
n - 10
a 10

40.0
38.0

Ul #INPIRUN]

& 38.5
3

( : Fioure 42. HMean recovery time in minutes for adult Paphaia
exposed to shori-term thermal shock at various
temperature increments.

e )
i

T1




Table VI

Table VII
MEAN RESPONSES OF upwnia wmugno

TO SHORT DURATION TEMPERATUKRE STRESS
Organisms Acclimatized at 19° C.

SURVIVORSHIP OF PREMATURE PROGENY EXPELLED BY GRAVID DAPHNIA
UNDERGOING SHORT TERM HEAT SHOCK

TEMPERATURE IN DEGREES CENTIGRADE

n=60
Maximum Exposure Mean
; Temperature in Number of .
- Immediate Thermal Death | pphwia Degrees Progeny Born Per Cent Mortality
 grouping Centigrade Prematurely 5 Days 6 Days 7 Days 8 Days 9 Days 10 Days
40 |— Delayed Thermal Death , D n=10 36.5 29 0 3.4 20.68 75.7 79.3 827
|
39| Organism Comatose i p, n=10 37.0 27 18.5  22.2  51.85 88.8 92.6  96.2
38} — Onset of Heat Coma f by =10 39.0 25 66.6 70.8 70.8 72.0 76.0  80.0
— Heat Stupor |
37— Intermittent %nactivation 0y n=10 39.5 n 81.8 81.8 81.8 81.8 81.8 81.8
- Viable Young Expelled from Brood Pouch
36 |— B n=10 40.0 2 100 100 100 100 100 100
— Pronounced Vertical Tumbling
35—
34—
33— Onset of Vertical Tumbling
32—
— Pronounced Horizental Circling
31 |—
— Onset of Horizontal Circling
30—
29—
28 |— First Violent Avoidance Movements
RESPONSE OF DAPHNIA
T3
a1
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Ayiwion %

Percent mortality of premature vrogeny exnelled by

gravid Paphnia undergoing short-term thermal shock.

Th

STUDTES OF THE EFFECTS OF THERMAL
ADDTTIONS A REPEADUCTIVE POTRNTIAL OF Dapluiia magna

Trom orevious studies on the effects of heat on orsanisn behaviaor,
wine evident Lhat thermal additions could potentially have vrofound
on the revroductive motential of a wide variety of acuatlic
studies Daphnia magna was sclected for the

foliowing roasons:

1. This organlism ls widely available for use in other locales and

as o olandard bloassay Organisrl.

ig nee

S, The ecoloacical nlehe occupled by this organism closely
“Lion of the litioral aren most likely

avproximiteas Lhe
£o be alfecbed by thermal additions.

K flones of Lils orpanlsm are easy Lo isolale, thus nreserving
pepetie continnity throughoul, a group of experiments.

} ¥uoe of manipulation otft these organisms facilitabes counb ing
of rrogeny, observation of egg development, hrood siue and the Tike.

5. The short reproductive anan of thic orgenism 1o an esgential
eriterion. Many other forms found in lake Suvericr have revroductive
o oof up Lo bwo vears duration.

Ll

Methodolooy.

A study to delermine bhe effects of thermal additions on reproductive
vwot.ent lal was undertaken. OFf partieuwlar interest was the impact of ecnlifac~
tion on egg development , second generation mortal ity, Fecundity, and 1

]

time betwoen broods and the number of reproducing organlshins in

lengtl
the seco

general.lon.

110y obtained Trom

e

fhe Daplinia magna used In these sbudies were initi

the Jnvironmental Trotection Agency's National Water tnality Laboratory in

PDuluth, Minnesota. The eultures were maintoined in the laboratory al an
aeclimitivalion Lemperature of 18.5%C.  Btock cultures were held in one

and one-half gallon glass tanks from which organisms were removed Tor the

Tn all cases, temperature was
al parameterg held convbant..

varicus temperature lLolerance experimen
the single varient, with other environme

For each run, non—-gravid parthenogenic females {F. genera‘t‘i,on‘) were
placed in individual 250 ml. beakers containing 200 miv of unfiltered Lake
Superior water. aupplemental Tood sources vers provided in accordance with
the method described by Rlesinger and Myristensen {1972). The test organ
were then vlaced in an appronriate conatant temperature chamber and ohserved
on & daily bagis. Thermal repgimes were monitored with a Y8T Model Wt
scanning tele-thermometer coupled to a YST HModel 81A two channel recorder.

L

I1lumination at a mean value of 30,5 uWa’tti;/CmZ was maintained. Photo

5



period was controlled by use of electrical timers which vrovided equal
increments of light and dark.

When progenyv were vroduced (Fq gereration), individuals were reroved
and placed in separate 15 ml, test Ttubes under conditions identical to Lhe
parental generation. Fach individual was assgieed code numbers indica“ting
brocd, date of birth, birth order of the brood and marental stock. Thus,
it was possible to follow the mrogress of hoth cones and rarents, (non
develovment of eggs in the brood pouches of ¥ organlsms, these individuals
wvere immediately transferred to a 250 ml beskér. Tdentical vrocedures
were then followed for the F, generation.

3

A total of seven test temmeratures were utilized,; 7.5°C, 11.5°9C,
15,590, 18.0°%C, 19.0"C, 22.5°C, and 24.5°C. These temmeratures were selecied
since they covered a large portion of the 1ife and revroductive range de-
geribed by Machrthur and Baillie {1009).

Temperature
Results.
7.5
The temperature at which a test pomilation reached maximum numbers was
18°C.  Further, it was at this temperature that the largest number of re- 11.5
" producing T°, generation members were observed. ({See Table VITT). Pratt
{1943) repoFted that the mean number of Paphnia cultured at 18°C were two 15.5
and one-half times greater than the mean size of the novulation cultured at
P59¢, Further, he reported that the bLirth rate of 25°C populations was 18.0
higher than that of the 18°C population, bub an inverse relationshin was
cbserved with respect to longevity. Chernvuk and Panasvuk {(19A5) found 19.0
2Lh-25°C temperatures to be ovtimal for voung davhnids. The studies renorted
rere confirm these findings for Paphnia magna. The highest level of renro- 22.5
duction {Table VIII) was found at 24.5°C. At this temverature, 24,0 percent
of the ¥, generation reproduced, but absolute numbers of this groun were 724.5

greatly fdepressed. [ltimatelv, longevity at 18°C dictated a much larger T,
generation than the 24,5°C group (193 individuals at 18°C as compared with
33 individuais ab 24.5°C).

The length of time for the develovment of eggs in the brood nouch of
gravid T", generation Daphnia is shown in ¥lgure 4k, TIncreasing temperature
decreageS the amount of time required for egg development. A ranpe of time
from 19.0 days at 7.59C Lo 3.2 days at 24.5°C was observed. A similar inverse
relationship with respect to temperature was observed when the length of
time betweern clones was examined. AL T.5°C, 21.2 days were required between
clones, while at 2L.5°C, only 3.8 davs were necessarv (see Vigure 45). Thus,
an increase in the thermal environment tends to accelerate life vrocesses as
an inverse functicon of longevity.

Tt is interesting to note that Pratt (1943} revorts that he was unable
te maintain populations of D. magna at 12°C. He notes that after a few
weeks populations dwindled to extinetion. This was not true in the studies
reported here. While length between broods and length of time required for
egg production was greatly expanded survivorship presented no nroblem even
at 7.5°C. At the time of this writing, vopulations cultured at these temper-
atures have been continuously maintained for more than twe vears. It is

5

TABLE VIII

Amount of Second Generation
Reproduction in Daphnia

by Test Temperature

Numbers of Fp Numbers of Fp %
Generation Tested Reproducing Reproduction
49 0 0
58 0 0
61 i 1.6
123 18 14.6
119 15 12.6
16 0 0
33 8 24.0

T
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interesting to note, however, that vrogenvy rroduced at these temperatures
result from eggs of reduced size, are vhvsicallv smaller than their warmer

wvater countervarts, and grew much more slowly, i€ at all.

) Thus, thermal additions tended to reduce longevity, increase revorduc-—
tive rates, and increase factors related to fecundity. Tn addition to a
campression of the rewvroductive evele in time, Increased thermal regimes
also tended to amplify population fluctuations These factors in total
tend to mitigate against population stability at higher temveratures.
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12.

SUMMARY

A non-invasive remote monitoring system for aquatic invertebrates
population is described.

The evolution and design of experimental chambers capable of controlling
various physical parameters (1light, temperature, oxygen) while monitoring
behavioral effects on aquatic organisms is described.

Results of laboratory experiments des1gne( to measure the effect of heat
and 1ight on the vertical migration of Mysis relicta is included.

A sampler for determining the orientation depth of planktonic organisms
is described.

A photometer for measuring irradiance of both water and air 1s described.

The Tight regimes at 58 meters {3 X 10-7 watts per square meter) was found
to be excessive for dark-adapted Myois rolicla.

Light-adapted Dophmia magme migrated to high light intensities of between
30 to 45 watts per square meters. This was very close to acclimation
intensities of 27 to 38 watts per square meters.

Dark-adapted iuphnia magne wigrated to low light intensities of between
10.2 to 6.4 watts per square meter

The findings suggest a relationship exists between total flux and wave-
length at depth as a factor influencing vertical migration.

A chamber designed to maintain a horizontal temperature gradient is
described including test results using both faphnia magna andMysic relicta.

The description of apparatus used and results obtained in determining the
effects of extreme heat and cold exposure on japhnia magna activity.

Experiments to measure the effects on laphnic magna reproductive potential
at various temperatures for a prolonged period are described,
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