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DESIGN OF EXPERHIENTAL CHAMBERS 

As was noted in the introductory section, impedance conversion que 
has been used as a standard procedure for certain mecIical and physiologi cally 
related problems. date, no application of this met hod had been made to 
invertebrate organisms residing in the i c environment. 

Since most aquatic invertebrates arc small relatively active forms, a 
series chambers were required in order to al low for a complete range of 
motion of the organism and retain the test animal in fairly close nroximit;r 

one or both of the sensing electrodes. 

Characteristically, impedance measurements in mammalian are made 
with implanted needle el ectrodes. Initial studies in chambers construded to 
receive needle electrodes proved fruitless. Figure 2 an early column 
25 x 10 x 105 rlllU. (ID) which was constructed to monitor copepod and cladoceran 
movements. is method of construction was abandoned. since the needle electrodes, 
when used in sequence, acte<l antenna resulting in the amnllfication of 
levels of radio frequency ) interference and raisinF; the signal to noise 
ratio to an unslltisfactor;r level. This masking effecL is shown in Figure 
Several other chambers utilizing needle were constructed with simi­
lar limited success. In these installations, even the use of or the 
construction Faraday Cage dill not allow for the reduction 
an acceptable level. 

Studies by Spoor and Drummond (197;») rellOrLed using stainless 
grids in a direct current system utilizing amplified T)otentials. 
reasoned that such suecess in a direct current system might also have 
cabili Ly to an alternating current system increased sensitivity. 

A seri es t es t and organi sm specific chambers were then constructed 
using t,ype 304 stainless steel wire cloth as sensing electrodes. 'rhese wire 
grid electrodes were cemented with non-Loxic plastic polymer to opposing 
walls of the chamber. While configurations were tried, this arran!,;ement 
of electrodes seemed to provide the most stable and consistent results. Coax­
ial cable was utilized to construct five-Tlin shielded leads to further minimize 
extraneouG RF signal noise from poor electrical contacts. 

Test results from Lhe use of experimental chambers constructed according 
to this patLern gave excellent results. From this arrangement, it was pos­
sible to monitor 1JoLh gross locomotor activity and smaller appendage movements 
of a invertebrates including Daphni.a . .op., Mlf.o.U, fle)'ic):a 
and maCfLUJU!.,~. ~~igurc 4 shows the differences in the characteristi 
base signature between and Ml{.o..u,. Identification of various portion" 
of signature for Vaphvu.a and Mlf.oi-f> is provided in Figures 5 and 6 respectively. 

The distance between grids was found to l)e a critical factor the 
recept ion of clear, accurat e signal. It wa~.; learned that signa] input could 
be maximbed if the disLance between electrode pairs exceeded the overall body 
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signal 

Early needle-electrode chambers (right, both top and bottom)Figure 2. 
as compared with later grid models (left, both top and bottom). Figure 3. Masking effects of radio fre'luency 

Single chamber (top) le(l to the development of z 
and extraneous unfiltered 60H 

col~mns f~~~+~~ tn nh~P~vP v~rtical movements. 
9 
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Figure 	 Characteristi imDedance signature for Vapinua. 11ajor spikes 
rC'present gross whole body movements and lesser Deaks are 
response second antennae movements. (Sensitivity .OO~); 
chart 5 mm/sec.). 

Figure 4. Characteristic impedance signatures of and 
(bottom) . 

11 
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Figure 6. 	 Characteristic impedance siGnature for lilf.!>i)' .'r.~(,Q.ta. Ma;jor 

spikes represent whole body movements, smaller peaks were causetl 

by tail movements. (Sensitivity O.O~;, chart speed 25 rom/minute). 
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length 1.·(5 times. These values 
tend grid than the other, maxi­

imnedance unit. Grids closer to 
above confi ned the organism Loo severely, 
Further, sensinp:; F~ri in 

gross motor movements in physica-l 
the gri nroducing ma,;sive recorder-pen when 

a hi ~)en~')itlvity ing was used. 

Single grids were in variety of size and shape confiF;11ra­
tions with J Lle or interference. However ,in vert leal 
found extraneous interference increased proportionately 
in grid size. Ji'urther, if vertical gr-id sequences Wl~re situ~1.ted 
proxi m; ty to c,a" h interference increased. 

vert} movement studies of mY3ids was 
.0 rum. Effective gri sizes this column 

ranged from]O x liT mm. with minimum vertical distfl.nce 
30 mm. between each 'T'hi between Gri wa~ 

a infJuence above and below eaeh Grid 
withtn ?r) mm. v0rtlcally 
antenna, obviatinp; the; receipi 

of acceptal11e signals test (,rp;ani vertical p'.rld 
spacinp; carei'u11y organi sm could be cont Lnuousl 
throughout the lengL h of the (~ollUnn. "judicious acemerrL of 
allowed animrd to from, the snhere of influence 
grid pair into that r;rid nair without ci thcr 
unnecessary intc:rf(~t"ence or the creation "dead 
where detect would be avo 

The maxlmu.11l grid s izp in movement experiment s 
100 rom. s arrangement produ(~ed lent signal clarity. of 
grid allowed the construction of column with vert:i 
electrodes to monitor vertical movemcmt of organl 'rhis w:i be 
discussed in detfl.ll in a s",ct 

specific relative 
phenomenon. A was constructed incu­

bation time~ of e~gs of ( 
sequenc e Wa,; used monitor 
naiads general Ai1ax. to cm. in 
USing the generali in FiF;1lTe , it was 
reasoned that major conse!}uenc increasing temnerature 
in the aquatie environment i~? a dimunitlon of disso:lved oxygen, 
that data be avai lablf' with regard to oxygen consmnpt ion at east 
Some of the lanwr sneeies in 1.r4.ke Sunerior Basin. 

As a consequence, it was decided that dragonfly would be utiJized 
because of the i'ollowing characteri sties: 

13 
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Figure 7. 	 A chamber designpd monitor emergence behavior 
of aquatic species. Interna'l of this 
chamber are 10 x 6 rom. 
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l 
Figure] O. Photogranh of l"lodifierl samele chamber showing the 

inclusion of Electrode for di ssolved oX)rgen 
determination. 
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6.6 mg II. BA 

~, 

" 

F·O.45 
A: 10,5 

c . 

•~!" ~ ,\ 

.It·~I'' 
,II!!"I 
F:0.50 
A: 19.5 

E 

5.9mg/l. o 

5.5 mg/l. F 

} • 1 ' " t f '/~ ~\ 'I ;, 

" 

G H4.5 mg II. 

3.3mg /I. J 

. . .'\ . 
",;'. 

F, 0.85 
A., 11.0 

11. A sequence of respiratory responses of one Anax 61'1. naiad over a range
dissolved ox,ygen tensions from 6.6 mp;/l 3.3 mg/l. Paired strip

charts are identical at different chart A,C,E,G,T = 
tracings recorded .; B,D,F,H,J recorded at 5 mm./ 
sec. F = respiratory frequenc;r in cycles second; = respiratory
8.l1l1)litude in sC8~e units; Art. = artifact. Tnstrument sensitivity for 
all tracings was. 0.005. 19 
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F: 1.0 

"~lTI 
, 'I 

A 2.9mgJl, 
TABLE 1. 

Variations n the Respi Characteristics 
of Ana:J:: with Decreasing Tens ions 

A = 8 
Ampl itude 

Frequency in C1"cl e Uni ts 

10.56.6 	 0.45 

5.9 	 0.50 9.5 

5.5 	 0.53 15.0B 	 2.4mg/l. 

5.2 	 0.55 14.0
""... 1'-_ f\..... """ """ 'V' '\.., ,..... r...." '... ",.... \. 

" y 

!,: '.' " 

4.5 	 0.75 8.5 
F: 1.4 
A: 7 	 3.8 0.80 6.5 

3.3 	 0.85 11 .0 

2.9 1.0 	 8.0 

2.4 	 1.40 7 (from 5 mm/sec 
records) 

c 	 2.2 mg/l. 
2.2 	 0.95 4 (from 5 mm/sec 

records)~~.I'v""~ 

2 	 (from 5 trllII/sec
F:O.95 records)A: 4 

D 	 2.1 mgll. 

F: ­
AI 1 

Figure continued of respirator:,r responses for 	one Af11lX >~r. 21 

a range dissol ved oxygen from 2. to :2.1 


'" tracing recorded chart sneed 1 mm./ sec. ; tracings 

recorded chart frequency 


respiratory ampli t1lCle in scale units. 

all tracings was 
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Figure 16. Photograph of the heating element located equidistant 

Figure A pair of binolar electrocle grids of t)rpe 304 stainless 
between electrode grids. 

steeL The horizontal distance between these grids is 
approximately 5 cm., while the vertical di:ltance hetween 
electrode pairs was cm. 
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b l 

a 

r'igure 18. Louvered light-tight shield opened with illuminator in the 
open position to allow access to the column orifice. 
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hours 

"'l-]e 
ronmental 

In 

contrr:l~~t, when therrn;:d stress exceerl i n~ 
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1\s sip;nature:; 
lJP 1i'igure ?O). 

was 

W(l':) ble 

limnion". 
time 
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for by 
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+ '\:ip_ 
nf~r 

return when 
recording 
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serving 
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warm 
in a downward 
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Figure }9. the Ii source in 
column light For 
purposes clarity, the sourc been retracted 
from upper surface of filter. 
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Acclimitazation aetiviLi(,~, of in the eo'lumn prior 
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they may have been requi into relatively warmer areas Drior 
the 1.raters below. example, in order to escape] .6° c. 

Im...'I1etic H water Eit grid number necessary to move 
element in order to arrive at 

the 
C. waLer at 

characteristic downward avoid­
:i nborn forced movement. 

unconfirmed with La other ial dimensions, Lhl 

avoi dance reaction has been termed i ve thermotaxis It. 
that much additional work in this area is required. 

As noted, mysids characteristically refused to ro-enter 
a warmed ;,.rater mass unt ternneratuTes 11.4° C. Thi temD­
ere.ture was regariled as the critical thrc"shold this organism. Figure 

shows Il1/sids UDper strata of the test as temp­
eratures reach after shut-down of the heating system. 

res11Jts were obtained when heating element bc;tween grirl[; 
and was utilized. 23 shows the negative thermotaxis 

by my~;lds .;. C. and Figure 21+ the ir re-entr:l 11. C. It 
is imDol'tant note mysid freely in proxil'li to 

surrounding waters reached 
lS so in Lhe test mysirls 

1mlformly water mass 
darkened between and 

ow the thermal 
heating unit between grids '?) and it ;,.ra;::; uti]-i 

thermal source, even though five organi 
30 em. vertical 

C. "as apparently sufficient to 
and res-r)onse. 

Reynold sand De(;raeve, 1970, 
a C. 10. rnaximu.'lI temnerature 

These values closely anproximate the criti 
this Beeton 960) 

do high as 19.0° 
migration. 

this , but do confi 
ob~;ervatlons the column exper'iments. 

light also on lteJ'.{cta. Five dark 
aced in Lake Sunerior waLer under condi tions ident ical thos' 

above. Again, organisms were in 4. C. waLer during the 
of observation. Organisms then subj to increasing or illum­
ination in the 61;0 - ·(00 run portion of "he spec:tnull and to vari.ous 'I evels 
white liflht. reil portion the spectrum was because Beeton (1960 
suggests t be the sensitive portion the m:rsidri visual 
Thes e fin(l1 ngs "ere confirmed by rej)ort ed here. vr:'1cn 

3)1 

I'--,~",~,J"' "'--~-- _,AH ~f'-J'V"··--_ ,rr'---''.-_!'·'.- ..·~--·-··~',---·--

. Ii I !, ' i i.~~ ~IW~\.l..J"WLrA\);~l~~)Jt-vj\~~-~I"~/'~ 

to relatively warmer waters. 
Temperature at grid 4 was 

Figure 22. An example the return 
and 11.4°C. the other 

grids. Chart reads right to left (chart spccil 25 mm/sec, 
sensitivity 0.05. 
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ranged from no effec L aL 
jve phototaxjs in the lons. 

general temlency hlation time 
appeared to exi Tl betwccen t 
established. ll"ht gradient 

ttd;) 'TO me a 

chamber, 
t hE-: ::.~urfae (~a 

acclimatized 

mi "rate 

ty 

TABLE II 

Acclimatization of ng 
intensities 0 

Intensity of Light 	 Time 
(wa~~lIete!.'/~ 

0.3 	 0.00 

0.92 	 0.00 

.45 0.24 

.88 0.48 

3. 	 0.72 

'58 30 
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Temperature Exposure Horizontal Chamber 


Low Temperature Adaptation - 7.Joc 

Organism introduced at 7.0oc 


Duration in 
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5 7 

10 10 

15 6 4 

20 4 3 2 
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30 3 3 2 2 
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40 2 3 3 

45 3 2 3 
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Table V 

Te~Jerature EXPosJre - Horizontal Chamber 

~'l!JJiln~rlE 


High Temperat~re Adaptation la.Ooc 

Initial Introduction into a.5 0 c Water 


Duration in 

10 

5 9 

10 4 

15 7 2 

20 5 2 2 

30 3 2 3 

35 3 2 4 

45 3 2 4 
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Table VI 

MEAN RESPONSES OF 
TO SHORT DURATION 

.Vlab 

p""",,,d H""1",, C",",' 
Onset of HorizJntal Circling 

Fi 

RESPONSE OF DAPHNIA 

sms 

Immediate 

Delayed 

Organism 

Onset of Heat Coma 
I 

Heat Stupor
I

Intermittent Inactivation 
1 Ie Young Expelled from Brood 

I 
Pronounced Vertical Tumbling 

Onset of Vertical Tumbl 

Pouch 

Table VII 

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

Maximum Exposure
in 

5 

I D1 n=lO 36.5 29 0 3.4 

D2 n= 10 37.0 27 18.5 22.2 

D3 n= 10 39.0 25 66.6 70.8 

D4 n=10 39.5 81.8 81.8 

D5 n=lO 40.0 2 00 100 

20.68 75.7 79.3 82.7 

51.85 88.8 92.6 96.2 

70.8 72.0 76.0 80.0 

81.8 81.8 81.8 81.8 

100 100 100 100 
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period controlled by which 
increments and dark. 

When were nroduced s were 
and p]aced in separate 
narental gc:nerat ion. 
brood, date bi , birth order 0 TABLE VIII 

to follow 
Amount of Second Generation 

were transferred a Reproduction in Daphnia 
were then followed generati by Test Temperature 

,;ince they 
scribed Hacf\ythur and 

Results. 

The temncraturc at which a pODulation reached 

Further, it was at thls the 


F~ f(eneration memhers 

mean nUPlher (I f 


si the 

higher 
observed 
2li-~~5°C 
here 

of the 
greatly 

the df'vcioDment 0 r in the "brood clOuch 

gcnerati DarYtiUfl is Llhown in j;-igure JIll. 


the amount of time required 

from days 7. to i. (laYCo at ?)I. 

rel onship with ronnect temperature was observed when "length of 
time between clones was examined. At 7. were between 
clones, while at ;oll. i. were 
an increase in the thermal environment tends fe 
an inverse function of ongevity. 

It interesting note that Prat.t (1943) renorts that he was unab] 
to of V. magvu1. at that after 

dwindled to extinction. n 
reported here. While length between broods and. 1ength of Lme required for 
egg production was greatJy expanded survivorship nresenteo. no nroblem eV(,n 
at 7.5°C. p,t the time of writing, temner­
utures have been continuously mai It is 
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SUMMARY 

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

2. 	 The evolution and design of e of controlling 
various physical parameters 

chambers 
(1 ) while monitoring 

behavioral effects on aquatic 

3. 	 Results of laboratory ments designed to measure the effect of heat 
and liqht on the verti gration of is included. 

4. 	 A sampler for determi ng the orientation depth of planktonic organisms 

is described. 


5. 	 A photometer for measuring irradiance of both water and air is described. 

6. 	 The light regimes at 58 meters (3 X 10-? watts per square was found 
to be excessive for dark-adapted 

rliti:!llll migrated to high light intensities of between 
square meters. This was very close to acclimation 

38 watts per square meters. 

to low light intensities of between 

9. 	 The findi a relationship exists between total flux and wave­
ength at as a factor influencing vertical migration. 

10. 	 A chamber designed to maintain a horizontal temperature gradient is 
described including test results using both J.kl!ii!iU:O andMi/i;iD 

11. 	 The description of apparatus used and results obtained in determining the 
effects of extreme beat and cold exposure on IWI,lna activi ty. 

2. 	 Experiments to measure the effects on reproductive potential 
at various temperatures for a prolonged period are described. 

8. 
10.2 to 6 

ill 
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