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Goldfish (Cargssins anratus) were reared from hatching in constant Tight (340 lux), eyclic light (12 b
320 lux, 12 hr derk) or constant dark. Absolute visual threshold was determined psychophysically in
animals that still responded to visual stimuli afier 1-3 years of exposure, by means of & classically
conditioned respiration suppression techni wherein snimals were presented with different intensi-
ties of Iarge diffuse Mashes of monochromatic fight. Fish resred in consiant light and fish reared in
cyclic light = ded reliably to stimuli sbove threshold, but fish reared in constant light were on
average .58 log unif less sensitive at 532 nm, near the peak of the rod action spectrom. Two of the four
fish reared in darkness did not respond to the stimoli, and thus could not be conditioned, and another
fish reared in darkness responded only oceasionally; threshold could not be measured in these three
fish. The one fish resred in darkness that responded consistently énough to be conditioned was more
than 5 log units less senmsitive than normally reared fish on 1he Girst day of testing, and became
progressively less xensitive over the next 2 days. Rearing under constant dark or constant light had no
obvious effect on spectral sensitivity at absolute threshold. The effect of rearing in constant Eght on
absolute threshald correlates with morphological changes in rod density.' but the effect of rearing in
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constant darkness does nol. Invest Ophthalmal Vis Sci 29:37-43, 1988

In the preceding paper' we showed that exposure to
constant light or constant dark from hatching to =12
months prevents the development ol normal rod
densities in goldfish retina. Cone densities were unaf-
fected by reanng in either conatant light or constant
dark, as were the lengths of outer segments of both
rods and cones. Thus, at least at the light microscome
level, exposure to constant visual conditions appears
1o inlluence only the rods, regardless of whether the
conditions are constant light or constant dark.

In this paper we describe Lhe effects of rearing in
constant light (LL) or dark {DD) on the ability of the
goldfish to detect dim lights. We find that LL and DD
affect absolute sensitivity differenily. despite their
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similar effects on rod density. Rearing in LL results in
rather small deficits that are reasonably predictable
from the 30-40% reduction in rod density observed
in retinas exposed for more than | year to either LL
or DD.' but rearing in DD produces much larger
behavioral deficnts that are not easy 10 relate 10
changes in rod density. The larger reduction in abso-
lute sensitivity afier rearing in DD could be related
instead 10 the general disorganization and distortion
of retinal lissue observed in these animals.

Materials and Methods

Animals and Exposure Conditions

Procedures adhered to the ARVO Resolution on
the Use of Animals in Research. Five goldfish (LLI.,
LL2, LL3, DD4 and DD35) were reared from embryos
placed in continuous light {LL) or continuous dark
{DD) prior to hatch. These embryos were obtained by
breeding adult Carassius auratis purchased from
Ozark Fisheries (Stoutland. MO). and were from the
same spawns as fish used in Series | and Series 2 in
the companion morphometric study.! Two addi-
tional fish (DD, DD3) were placed into DD a1 3
months of age. They had been purchased as embryos
from Carolina Biological Supply {Burlington, NC)
and were maintained in a combination of fluorescent
room illumination and natural daylight before the
experiment began.
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Five fish purchased as juveniles from Ozark Fisher-
ies were cyclic light controls (LD). They were approx-
imnately the same sizc {nose 10 base of tait, 4.8 = 118
cm) as the experimental animals a1 the time of test-
ing, and were maintained under daylight fluorescent
lighting (12L:12D) throughout the experiment.

Details of light exposure were described in the pre-
vious paper.' Fish were kept three to five per tank in
10 gallon aquaria in three windowless rooms. The
daylight fluorescent bulbs at ceiling height in LD and
LL rooms provided 320 lux (86 uW/cm?) and 340 lux
(91 uW/cm?) at the water’s surface, respectively. DD
fish were housed in a lightproof cabinet in a photo-
graphic darkroom. All animals were fed once a day.
LD hsh were always fed duning the light part of the
cycle; DD fish were fed with the aid of a dim red
(Kodak Wratten filter 29, Rochester, NY) flashlight.

Conditioning was first attempted when the fish
were large enough to fit into a modified restraining
box of the type used by Powers and Easter.? Animals
smaller than about 3 ¢m standard body length {sbl)
could not be tested in this apparatus because Lheir
heads did not remain reliably positioned and because
it was difficul 1o handle them without injury. In this
sel of experiments {the present paper and ref. 1) ani-
mals reached 3 cm sbl at 1-3 years (M. Powers, un-
published observations). We couid not measure
thresholds in fish younger than | year.

Measurement of Absolute Threshold

From previous work we know that detection
threshold of 9-10 cm goldfish is reached at retinal
Nuxes of about | quantum per 2000-4000 rods, when
the stimulus is a large, long duration flash near the
peak of the rod absorption spectrum.? It has also been
demonstrated that cones contribute 10 the psyche-
physical action spectrum in the fully dark-adapied
goldfish, so that the specirai sensitivity of this animal
is considerably broader than would be predicted (rom
the rod action spectrum alone.? Because the specteal
sensitivity of normally reared goidfish has been well
specified previously, in a similar apparatus under
nearly identical stimulus conditions, in the present
study we measured threshold at two or three wave-
lengths and compared the results 10 the earlier values,
Absolute threshold was first measured a1 532 nm,
near the peak of the rod absorption spectrum. Fish
were subsequently tested at 636 nm and (for LL ani-
mals) at 452 nm.

To measure absolute threshold. fish were trained 10
suppress respiratory movements when they detected
a suprathreshod light, and they were then Lested for

their responses 10 successively dimmer lights.? Al
stimuii were presented to well dark-adapied fish, with
no background illumination present.

The apparatus and stimulus conditions have been
described before.? Bnefly, the fish was held in a re-
straining box suspended from the side of an aerated
10 gallon aguarium in a lightproof enclosure, with
the right eye adjacent 1o a rear projection screen.
Monochromatic stimuli were produced from a
quariz-halogen source by placing narrow-band inter-
ference flters (Melles Griot, Irvine, CA, bandpass at
half height §-10 nm) in a collimated portion of the
beam. Intensity was varied in approximately 0.3 log
unit steps with neutral density filters (Melles Griot).

FTraining: Training was accomplished by means of
a classicul conditioning paradigm.’ Fish were dark-
adapted for a1 least 1 hr prior to each training session,
regardicss of experimental condition. They were then

presented with 10 trials of a 5 sec, 532 nm diffuse-

spot, 140 deg in angular subtense, followed by a 5-15
V tail shock, 100 msec in duration. Animals showed
no il eficets of this treatment, remaining healthy and
eating well throughoult the experiment when returned
to their home aquaria. Onset of the shock (the un-
conditional stimulus) was contiguous with offset of
the light (the conditional stimulus). The intertrial in-
terval was variabie, with an average of about 1.5 min.
Unless olherwise noted, the intensity of the traming
stimulus was 3—4 log units above absolute threshold
for 532 nm in normal fish.? Training sessions were
repeated daily until the fish became conditioned (see
next parageaph) or until the experimenter judged that
the training was not effective.

Respiration rate was monitored with a glass bead
thermistor placed near the fish’s mouth.? During each
intertrial interval six 5 sec samples ol breathing rate
were laken, 1o be compared to breathing rate during
stimulation, A “response™ was defined as 2 50% de-
crease in respiration rate from the average intertrial
rate. When the hsh responded to eight out of ien
stimuli in two successive training sessions we consid-
ered it ta be conditiuned, and testing was begun.

Testing: Threshold was measured in trained fish
from frequency-of-secing curves derived from re-
sponses in a staircase psychophysical procedure.? The
fish was dark-adapted for at least | hr belore the first
stimulus was presented; this simulus was 2-3 log
units above absotute threshold for normal fish, or an
intensily to which the experimenter knew from pre-
vious sessions the fish would respond. If the fish re-
sponded, the intensity was decreased by 0.3 log unit
on the next tral. This procedure continued until the
fish did not respond 10 the visual stimubus. At that
point the intensity was increased by 0.3 log unit until
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a response again occurred. Shock followed each vi-
sual stimulus on every tnal during iesting.

‘Fest sessions for LD fish were terminated after 25
trials. Sessions for LL and DD fish contained a vari-
able number ol tnals, depending upon how consis-
tent the animal's responses had been (sce below). All
stimuli were the same duration as training stimuli.
Data for a given animal were combined across ses-
sions to yicld frequency-of-seeing curves; absolute
threshold was defined as the intensity for which the
probability of response was 0.5.2

For LD animals, two to threc sessions of 532 nm
stimuli were followed by two to three sessions of 636
am stimuli. The procedure was somewhat different
for LL and DD animals, because we wanted 1o obtain
data as rapidly as possible. For these fish, if the ex-
perimenter observed at least five reversals in intensity
within a session {i¢, oscillations of the stimulus inten-
sity around threshold), he or she could decide 10 test
another wavelength within the same session. For all
animals, the sequence of wavelengths was 532, 636,
452 nm.

Threshold values at each wavelength are reported
in units of quama per sec incident per cm? of cornea,
as computed from calibrations made during the ex-
periment by placing a calibrated photodiede (United
Detector Technology, Culver City, CA, PINIO DFP)
at the planc of the pupil 2 Absolute sensitivity. plotted
in Figures 1 and 2, is the reciprocal of threshold cor-
neal irradiance determined in this way.

Optomotior Responses

The results 10 be described below show {hat dark-
reared fish were difficult to train in the classical con-
ditioning task. For this reason, we adopted @ szcond
test of visual function that required no training. Alter
ten unsuccessfu! classical conditioning truining ses-
sions, one fish (DDS5) was light-adapied for 1 hr and
placed in a t5 cm diameter ciear Plexigias cylindrical
aguarium centered in a field of vertical square-wave
stripes. The striped ficlds were photographic enlarge-
menis of Ronchi gratings. They could be rowted at
different speeds clockwise or counterclockwise with
respect 10 the axis of the cylinder. This apparatug was
illuminated with ordinary fluorescent room ilumina-
tion {Sylvanmia F40;CWRS/SS; 620 lux or 150
aW/icm? at tank level) throughowt the test, which
100k about 15 min. Stripes subtending 27 deg, 1.3 deg,
7 deg and 2 deg™' were rolated al various speeds
arpund the fish, while an observer recorded the ani-
mal’s following behavior {swimming in the same di-
reclion as the stripes and/or reversing direction when
the stripes reversed). Two different observers (MKP

and CJB) scored the fish’s behavior independently,
using the same stimulas set. For comparison, LL2
and LL3 were also tested in this apparatus, as was an
LD control animal.

Results
Control Animals (LI))

Goldhish reared in cyclic light became conditioned
afier three to six training sessions. Their mean abso-
lute visual threshold, in units of corneal irradiance,
was 4.66 log quanta sec™' cm? (£0.07 sem}) at 532
nm. Al this intensity, only one rod in about 3000
absorbs a photon eath second. This Jow guantum-to-
rod ratio, together with the similarity of the value to
previous measurements® makes it likely that the rod
system was mediating visual responses in LD fhsh at
their absolute threshold for seeing.

Day-1o-day variability in threshold for individual
LD fish at 532 nm ranged from 0 to 0.35 log unit (see
Table 1). The number of training sessions nceded 1o
acquire the detection task and the amount of variabil-
ity in threshold are comparable to values reported
before for larger fish reared in LD? but the thresholds
reporied here are slightly higher. This difference re-
flects normal developmental changes in absolute sen-
sitivity in this species, which correlate closely with
changes in the planimetric density of the rods during
growth, even in adulthood.?

The dark-adapted spectral sensitivity of fish reared
in cyclic light was also normal. The data from LD
animals are shown in the upper portion of Figure I,
superimposed on a smooth curve from the cartier
study, where complete spectral sensitivity functions
were obtained.? The curve from the previous study
has been placed on the vertical axis so that il passes
through mean log threshold for LD fish (in this study)
at 532 am. The speciral sensitivity of the dark-
adapted goldfish reflects input from more than one
receptor mechanism, and normally does not match
the absorption spectrum of rod porphyropsin in this
species.? Thresholds for the LD fsh are consistent
with this finding, in that the relative sensitivily to 636
nm is higher than would be predicied from the ab-
sorption spectrum of 1the porphyropsin in goldfish
rods.* Absolute threshold was 0.92 log unit higher at
636 nm than at 532 nm for the normally-reared fish
in this experiment. cempared o an expected differ-
ence of 1.40 if rods were mediating photon catch in
the long wavelengihs.

Effect of Rearing in Constant Hlumination (L.L)

Table | gives the number of 1raining scssions and
the day-to-day range in threshold for the three fish
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Fig. 1. Goidfish reared and maintained in continuous room illu-
mination for 2-3 years show decreased sensilivity to large diffuse
flashes of light; spectral sensitivity seems 10 be less affected than
absolute sensitivity. Threshold of dark-adapted LL. fish {open sym-
bols) was lower than LD controls {filled symbols) at the three wave-
hengths tesicd. Large symbols show means: smaller symbaols show
dnta For individual animals. LL | {open squares) was lested after 3
years of caposure. LL2 {open triangles) and LL3 {open inverted
triangles) afier 2 years (se¢ Table | for details). The curve drawn
through the points is the dark-adapled spectral sensitivity of adult
goldfish from Powers and Easler.” Zero on the ordinale = 4.66 log
photons sec™' cm- 2 incident at the cormea.

reared for 2-3 years in constant light. Although the
Ns are small, no obvious differences were noted be-
tween animals tesied after 25 months exposure to L1
and the fish tested after 38 months. The number of
sessions required to train all three fish was well within
the range of the LD fish, and the day-to-day vanabil-
ity of 1wo of the three LL fish was also within the
range of normally-reared fish, We interpret this 10
mean that rearing in LL did not produce a general-
ized learning or performance deficit.

Table 1. Absolute sensitivity of light-reared fish at 532 nm

Al three LL fish bad higher absolute thresholds
than 1.D fsh for 532 nm stimuli {Table 1). The dif-
ference due 10 rearing condition was highly signifi-
cant (t = 4919, df = 6, P < 0.005). On average, LL
fish were (.58 log unit less sensitive than normally
reared fish. This is equivalent to a 26% reduction in
sensitivity.

The lower curve in Figure 1 shows the dark-
adapted absolute sensitivily of light-reared animals at
different regions of the specirum. All points are plot-
ted relative to the mean log threshold for LD fish at
532 nm, again illustrating that LL fish were less sen-
sitive than LD hsh at this wavelength, All animals
were Jess sensitive at 636 nm, but the difference in
sensitivity between 532 nm and 636 nm was slightly
larger, on average, for LL fish than for LD fish (0.90,
1.03. and 1.2} log units, respectively, for LLI, LL2
and LL 3, compared to an average of 0.92 log unit for
LD fish). This difference in specrral sensitivity be-
tween LL and LD fish was not statistically significant.
The data a1 452 nm are somewhat more variable, b
together with the iong wavelength points they suggest
litile change in speciral sensitivity at absolute thresh-
old in light-reared goldfish. If anything, the action
spectrum is somewha! narrower in animals reared in
LL. supgesting relatively less influence of cones on
absolute spectral sensitivity due to rearing in LL.

Effect of Rearing in Constant Darkness (DD)

Animals reared in DD were dramatically less re-
sponsive to light than those reared for comparable
timesin LL (Table 2). Of the four animals tested afier
12-25 monihs exposure, only one responded regu-
larly enough during training sessions to be considered
conditioned (see below), Two of the others did not
respond at all, even to lights of different wavelength
(636 nm) or high imtensity (neardy ten orders of mag-
nitude above absolute threshold for LD animals). We
tried to condition one fish (DD} twice, at |2 and 24
months of age, without success; this animal was re-

Nueher of Threshold Duy-to-duy
Ape ot Fvposire traiing flog g see ' em range in thresholdy

Fish Pegin expersure (months) trme (montig Wssom® ar 532 nmpt low)
LODUN = 5) — e 42 466 011

-6 (4.47-4.89) 10.00-0.38)
LLL 0 » 4 524 042
LL2 0 25 L] .40 [IAR}
LL} 0 25 i 5407 .28

* Number of iratiing sessions requited 10 oblsin Iwo successve sexsions
wherein P (response) 20L8. Mean (and range) 15 pven for LD fisk Sessasns
were ten iniab oach,

t Absolute threshold, determined as described in teal, where P idetection)
= 0.5, Mean (and ranpe) s given for LD hsh. 1D values represent dava

puwried over \wa 1631 sessions for fowr of the 1D fish and daia from one
sesshn lor the fifth. LL values were obtained over (wo 1 three sessins.

1 Uhe vange of threshold values oblained aver the vanows diys of testing.
Mran {and rangel 1s piven for LD fish.
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Table 2. Visual responses of dark-reared fish

Number of M percent
Age at bogint Eepesure tratming responses/ Successfully
Fich exposnre (ronths) sime (rmamihs) sesstn wesviont conditioned
[V R]] 3 [¥] 15 3] No
4 5 3] No
[13] 3 12 13 L] No
Db L1 25 4 181 Yes
DS 0 15 10 ) No
* Number of training scssions required 10 ohtain two ive seAsions + The percens of trinly that elicited a response per session on the best day

wherem P (response) 20.8 (DM only) or lo pulee thal the fish was not
tamable (D11, DDY, DDS). Seasions were ten iruts ¢ach.

turned to DD for 12 more months afler the first series
of training sessions at |2 months.

Figure 2 shows the absolute sensitivity of DD4, the
only fish we could train, at two wavelengths over 3
successive days of testing. This fish became condi-
tioned in the usual number of training sessions (Table
2). but during the first test session its absolute thresh-
old at 532 nm was 5.7 log units highcr than the aver-
age LD fish, and 5.! log units higher than fish reared
in LL. Absolute sensitivity declined even further dur-
ing the 3-day testing period shown in Figure 2, and
finally, on day 4 of testing, DD4 would no longer
respond to stimuli that were the maximum intensities
we could produce with our optical system: 9-10 log
units above absolute threshold for normal animals,

Reference to Table | shows that thresholds for LD
and LL fish varied by a maximum of 0.42 log unit
aver testing days. Yel for fish DD4, sensitivity over
the 3 days of testing spanned 2 log units, with sensi-
tivity on day 2 lower than on day | and a further
decline in sensitivity on day 3. Cleatly this fish’s day-
to-day variation in threshold was not due to random
factors, as could be argued for LD and LL fish.

Because DD4 was successfully conditioned,
seemns unlikely that the animals reared in DD did not
respond because they could not learn or could not
organize an appropriale response, Obscrvations with
DD1{ and DD3 also implied this was not the case,
hecause they did show some evidence of respiratory
suppression on the initial trials of some 1runing ses-
sions. Nonetheless, we tested the last DD animal
{DDS5) in an optomotor drum, where visually-me-
diated following behavior is relexive.® After 25
months exposure to DD and failure 1o become
trained in the classical conditioning task, DDS fol-
lowed stripes of 13 deg visval angle under fluorescent
room iltumination. This fish did not lfollow stripes of
2 deg subtense, and 7 deg stripes produced intermil-
tent following behavior. In contrast. LL2 and LL3
followed stripes of all sizes, as did a control LD fsh.
The smallest sublense tested was 2 deg.

for cach hsh

Condition of the Retinas in LL and DD

The retinas of four fish from this experiment were
examined following completion of testing. Histologi-
cal procedures were described in the previous paper,'
where the siate of these retinas was summarized
under the heading *Additional comments on retinal
structiere.” Here we describe the tissue in more detail.

The retinas of LL2 and LL3 appeared normal.
There was no obvious derangement of photorecep-
tors or of any other structure, and no evidence of
folding or scalloping. Both these fish learned the de-
tection task, but had thresholds that were elevated
above pormal, Poor fixation precluded photoreceptor
counts, but we presume densities would approximate
those reported belore.!

The retinas of ND4 were badly disorganized, with
scalloping throughout except for a small central scg-
ment around the optic disk. This fish learned the
detection task but had extremely high thresholds. The
retinas of DD, a fish that did not learn the task, were
disrupted and folded across the entire extent, but not
as badly as DD4, However, there was no sparing of
the area surrounding the optic disk in DD35’s retinas.
It was not possible 10 determine photoreceptor densi-
ties inn the DD retinas because of their overall disor-
ganization.

Discussion

Goldhsh reared in constant light or constant dark
have reduced sensitivity to light at 1-3 years of age.
While the effect of rearing in DD may be worse than
that of rearing in LL, the magnitude of the damage
due 10 LL is considerably smaller than thai reported
for mammals reared under similar conditions® (how-
ever sec ref 7y and could be related 1o capacities for
regeneration and continued growth in goldfish not
seen in mammalian species.

The reduction in sensitivity appears 10 be approxi-
matcly equat across the spectrum tn both LL and DD
animals. Although only two or three wavelengths
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Fig. 2. Dark-adapted visual sensitivity of a goldfish rcared and
mamtaned i comtinuous darkness for 2 years. Ordinaie same as
Figure |- The wpper two curves show dark-adapied sensitivily of
LD and LL fish for companson. On the first day of testing, the fish's
threshold was 5.7 log umits hogher than normal fish. It became
progressively less sensitive on days 2 and 3 of testing, and on day 4
would no longer respond Lo stimuli 9- 10 log units abave threshold
for nermal fisk. Day | and 3 curves have two points, Day 2 has ane.

were used in this experiment, they were selected to
take advantage of the fact thai the goidfish is mesopic
at absolute visual threshold.?® The 532 nm stimulus
was chosen 10 be near the peak of the rod-mediated
par1 of the spectrum, and the 636 nm stimulus stimu-
lates long wavelength sensitive cones 0 normally
reared goldfish.? Under this assumption, we conclude

that the rod and long-wave cone systems were af-
fected approximately equally by rearing in constant
lighting condilions, even though only the rods were
reduced in density.!

Goldhsh reared in constant light had thresholds
that were on average 26% higher than fish reared in
cyclic light. In the companion study we found that
fish reated identically 1o the LL group had reduced
density of rods. The magnitude of the deficit in rod
density was 37%, on average, for seven fish after
about | year in LL." The similarity between these
numbers implies that the reduction in sensitivily is
related 10 the reduction in rod density. This conclu-
sion is consistent with the general notion that abso-
lute visual threshold is regulated by the planimetric
density of rod photorecepiors in goldhsh.*

Attractive though this hypothesis is, aliernate in-
terpretations cannot be ruled out. It is possible, for
example, that fish reared in LL suffer damages unre-
lated to vision that impair their ability to learn or o
perform a visual task. This seems unlikely given that
the number of trials required to become conditioned
and the number of sessions required to abtain thresh-
olds did not differ between L and LD fish. A more
likely explanation is that dark adaptation was incom-
plete in LL anirnals; that their ability to regenerate
porphyropsin was impaired somehow by long-term
exposure to light. Or, cxposure to darkness following
LL could have triggered massive shedding of ROS*"
which in turn could have interfered with the absorp-
tion of photons. Indeed, there is evidence that abso-
lute threshold is related to ROS length in goldfish."
Whatever the actual mechanism, we find it remark-
ablo that exposure to continucus light for up to 3
years has such small cffects on the goldfish’s ability 10
derect light.

Imerpretation of the effect of constant darkness
during rearing is more problematic. On the surface, it
would appear that dark rearing preduces more dam-
age than rearing in LL, but we offer that conclusion
tentalively because only onc animal could be tested.
One of the fish reared in DD that did not become
conditioned followed the stripes in an optomotor
drum, bui us acuity (under photopic conditions) was
at least a factor of three lower than LL and LD fish.
This suggests an impairment unrelated (o vision, or
perhaps one that is specific to the rod system. The
animal that becatme conditioned seemed ta lose sensi-
livity progressively over test sessions, would this fish
have shown sensitivity closer to LD fish if we could
have tested it on the first day of exposure to light
(instcad of spending 4 days training it)? This result
raises the possibitity that retinas of goldfish rcared in
darkness are highly susceptible to damage by light, as
is the case in the rat."
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The difference in absolute sensiivity between ani-
mals reared in LL and those reared in DD is not
easily explained by changes in photoreceplor densi-
ties observed at the light microscopic level. In the
companion study, we found no differences in the
number of rod or cone nucki between LL and DD
fish, no differences in outer segment lengths, and no
differences in the overall disorganization of the pho-
woreceplor layer.! Yet when tesied behaviorally, DD
fish gave litlle evidence of vision while LL fish per-
formesi quite well, This anomaly could be related 10
the condition of the retinas of the particular fish used
in this experiment: the dark-reared specimens were
badly scalloped and folded, while the light-reared
specimens were not, Another possibility is that the
difference in absoluie threshold between LL and DD
fish is due to an eflect at the ultrastructural level,
perhaps related to the number or density of synaptic
connections between neurons; this remains to be in-
vestigated.

Finally, we must ask whether younger fish, with
shorter exposures to constant lighting conditions,
would show similar deficits. We were unable to test
fish younger than about | year in this experiment due
1o technical limitations; when those limiiations are
overcome, it will be important 1o determine whether
shorter exposures consistently produce larger behav-
ioral effects than can be accounted for by 1he retinal
cHects, especially in goldfish reared in consiant dark-
ness.

Key words: goldfish, absolute threshold, ¢
nal development, constant dark

light, reti-
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