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Absiracl = An undereater clased-circuii video system was used 10 remotely monitor and recard the
behaviar of blusgills (Lepomis macrochirus) and redear sunfish (Lepowmir microlophus) guarding
tkeir pests befare, during, and afier applicasions of aquaiis herblcides. Mests were sprayed to achieve
a nominal cendenirabion of 4 mg/L of either a dipotassium sali of endothall {,.l.q.uhnblz‘l'}, a di-
methylamine salt of 2,4-dichloraphenaxyacetic acid (2,4-D), or water (zontral). No signifieant dif-
ferences In rases of nest abandonmend existed among the thres treatmesds (> 0,10}, Abardoament
averaged 5,07 enin for both species and berbicide treximents, whereas the herbicides persisied in the
warer calumn for &t least 45 mis, When abasdonment ocourred, congerers nearly always iniruded
an the nest 1o feed on eggs or Iry. Aler spraying, the adjusted mean frequency of rim circling, Tan-
ming, and ageaistic behaviors exhibived by bluegilts guarding eggs did not differ amang the three
cresments (9 & 0.35), These resulis suggest the twa herbicides will not elicit pronounced shifisin
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repradoctive behavios of sanfish when they are properly applied.
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INTRODUCTION

Herbicides are commonly wsed to control nui-
sance pquatic vegslation when alternative controls
are not feagble, Two exiensively applied aquatic
herbbcides in sowtheasiern U5, impoundmenis are
Aquathol-K® and 2,4-dichlorophenoxyacetic acid
(2,4-D)). The direct effects on fish are congidered
minimal when these herbicides are propesly applbed
because only low concentrations (=4 mgfL) are
needed 1o conirol aguatic macrophyies [1]. The
A¢-h LCS0 valwes for Agquachol-K and the dimeth-
ylamine (DMA) Formulation of 2.4-0 are =100
mig/L [2], and cdher research substantiates that low
concsmirations of these herbicides are not acutely
toxic to fish [3,4]. However, litthe is known abaur
the sublethal effects of herbicides on Fish.

Ansedonal reports by anglers and fshery biol-
ogists suggested that sunfishes [ Lepamis spp.) al-
ter their behavior by abandoning nests they are
guarding when littoral areas are ireated with her-
bicides. The degree to which male blusgills (L.

Sunfish reproduction
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macrochirus) defend their neses b5 affected by fac.
tors such as brood size and bevel of past investment
im the brood [3], but the role environmental con-
taminants might play in the parental decision-mak-
ing process of sunfishes is unknown, The behavior
of anm animal represents cumulative changes in
physiclegical and biochemical functioning [6];
therefore, behavioral studies often provide data
that are mare sensitive and meaningful when as-
segging polential wxicity of a compound. [n Laba-
ratary stisdiss, contamipant-induced changes in
sunlish behavior and social strocture were docu-
mented |[7-9). Small behavioral shifts induced by
contaminants can be particularly damaging 1o a
population if they acour during the reproduction
cyche [10]. Becausz fish do not always avoid toxic
swbstances [11], the behavior of fish exposed toa
cortaminant may be an important facior in deter-
mining the toxicity of a compound in mature
[11=14].

Few studies have examined the effects of
aquatic herbicides on fish behavior or physiology.
Acule exposure 10 glyphosphate and triclopyr her-
bicides did not produce physiological stress in coho
salmon (Owroorkynchug kiswrch) [13], and behav-
boral shifis occurred only at eencentrations well
above thoge likely 1o be experienced by salmon in
sireams receiving drift from aerial berbicide appli=
cation: [14]. Hildebrand er al. [16] reported no
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maortality of rainbow trout (O, mpkiss) held in
pquaria placed in streams and subjected 1o ane
hundred times the recommended field dose of
glyphosphate; they also reported that rainbdw trouwt
tested in avoidance-prefersnce chambers would
avaid lethal concentrations of glyphosphate, The
anly examination of in situ behavior of fish ex-
posed to herbicides [17] consisted of sampling and
radic-tracking largemouth bass (Micropferus sal-
maides) in herbicide-treated areas of Guntersville
Reservolr, Alabama. The investigators detected no
change in largemouth bass density in areas treatsd
with either 2,4-00 or a mixtwre of dibromide diquat
and Komeen® (a copper-based compound). Fur-
thermare, the herbicide trestments had no detecr-
abdz effect on the movement patterns of individual
largernouth bass, Cope el al. [18] reported that
bluegill spawning was delaved for several weeks
when 10 mg/L of a 2,4-D ester formulation was ap-
plied 1o small ponds, but no change in spawning
behavior was noled al concentralions =5 mae/L.
Ester formulations of 2,4-D are known 1o be mors
toxic than DA formulations [3); poremial effects
af DMA formulations of 2,4-0 an sunfish repro-
ductive behavior are unknown.

This study was initiated 1o determine whether
nesting sunfishes abandoned habitats treated with
Aquathol-K or 2,4-D DivA and whether sunfish
behavior is altered by exposure to thess herbicides,
This field experiment répresents a nowve] approach
to observing individual fish in behavioral toxicol-
ogy studies,

MATERIALS AND METHODS

Qur research was conducted in Old Monterey
Laks, a 26-ha impoundment in Monterey, Tennes-
522, This sysiem i5 a headwater impoundment, and
inflow and gutllow were negligitds during the Feld
irials, Obgervations of nesting bleegills and redear
sunfigh were made throughouwt the spavwning season
{late May-mid-August) in 1989 and 1990, Aquatic
vegetation in Old Monterey Lake is abundant and
congisis primarily of Breseniz schrebed, Nupher -
fewmn, and Mymphoea odorate. Water-quality pa-
rameeters for Old Monterey Lake in March of 1958
were alkalinity = 24 mg/L CaCOy; pH = 1.5; con-
ductivity = 80 pmhosem. In December 1990, the
following parameters were measured: toeal dis-
solved solids = 0.8 mg/L: toral aitragen = 0.41
mg/L; toral phosphorus = 0,022 mgrL.

Nest mroritoring

Observations of sunfish behavior before, dur-
ing, and afer herbicide applications were made
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with an underwater videg-recording system. The
commercially available system (Fubrman Diversi-
fied, Inc., La Porte, TX) consisted of an B-mm-
format video cameorder, waterproof external cam-
era sysiem, and weatherpoool viewing monitar.
Due 1o the exiernal camera's small size (53 x 33 x
20 mm), we assumed the behavior of the spawning
sunfishes would not change when the camera wag
placed mear the nest. Camouflage netting was
wrippsd arcund the housing of the camera to fur-
ther reduce the likelihood that the camera would
affest the males’ behavior. A 40-m coaxial cable
cannected the external camera with the land-based
videa gystem. The vides image was recordsd from
shore while the external camera was positionsd
near the nesting sunfishes, thus keeping movements
of the experimenter from affecting the behavioe of
the fish. The monitor was used to observe the be-
havior of the lish in real time while the camearder
made a permanent recording of the observarions.
The complete sysiem could function for seversl
hours on battery power. Using a S00-'W partable
generator and a banery charger, the nescs could be
monitored indefinitely.

Im several redear sunfish trials, the nest was ob-
served using binoculars while sitting on a 3-m
stepladder sed nzar the shoreling, 1f abandonment
occurred, the time spent away from the oest and
the presence of intruding congeners was recorded.

Test procedure

Mests were located and defined as active if &
miale sunfish was guarding the nest. Highest sam-
pling priority was given 1o testing males guarding
epps. To eliminate dissimilarities in behavior from
social ranking and mest location [7,19], the nest
belonging to the most dominant male in each col-
ony was chosen for observation. The nest belong-
ing 10 the dominant male was assumed to be the
most centrally bocated mest in the colony [7-9].
Moas1 of the nests selected For testing were in small
colonies (<10 &ive nests) located in shallow water
{=0.75 m). Aguatic vegstation was never abundant
within a eolony's boundary; however, vegelation
and woody debris were usually present near the
borders of each colony. Over the two sampling sea-
sons, 23 nests with bluegills guarding sggs and 12
nests with redear sunfish guarding egss or [ry were
treated,

A 230-m? test area was measured $o that the
nesl was approximately centered in the anea. Depth
measurements for each test anea were taken at the
Front, middie, and back of each test plot and av-
eraged 5o that the wolume of the test area could be
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estimated, The desired amount of herbicide was
then measured out and diloted with waler in a
9.48.L pressurized spray can.

A 15-min adjustrment period was allowed to ha-
bitwase sunfish to the presence of the camera before
video=-recording began. Each 1-h trial consisted of
& 15-min pretreatment (conirol) period and three
consecutive 15-min post-treatment periods, The
herbicide (or water) was applied at the end of the
control period using the pressurized spray can, The
person applying the herbicide stood in a small boat
positioned at an offshore corner of the test plot; a
trolling motor or the wind moved the boat slowly
along the edge of the test plot while the herbicide
vwas spraved unifcrmly over the area. The spraying
took about 2.5 min to complete,

The spraying procedurs was expected (0 cause
some fish to abandon the nests, at least tempo-
rarily. OF greatest interest was whether the rates at
which nesis were abandoned (and times spent away
from the nest) differed among treatments. Herbi-
cides are normally applied from sutbsard motor-
boats, airboats, or helicoprers, and fish nesting in
shallow water would be expected 1o abandon their
niests temporarily in those circumstances, This ex-
periment sought to simulate a routine application
of herbicides and was not designed to eliminate the
disturbamce variable. Instead, every attempi was
made 1o remain consistent among trials in the
amaunt of disturbance imposed on the nesting sun-
fish. Such consistency allowed treatment effects to
be evaluated in the context of an actual vegetation
management prosedure.

Herbicides and sampling analyticel methods

The Aguathol-K-formulation (Penwalt Corpo-
ration, Philadelphia, PA) was a liguid dipatassium
salt of endothall [T-oxabicyclo{2.2.1) heptane-2,3-
dicarboxylic acid] with 40.3% active ingredient
{a.5.), The 2,4-0 formulation (Red Panther Com-
pany, Clarksdale, MS) was a liquid dimethylamine
sale ol 3 d-dichlorophenoxyacetic acid with 47.4%
a.i. Agquathol-K and 2,4-D are typically applied at
concentrations of 0.1 to 4.0 mg/L a.i. in submersed
applications, depending on the herbicide and the
plant species [1). In cur tests, encugh herbicide was
sprayed on the test plot 1o achieve a nominal con-
centration of 4 mg/L a.i. Some nests were treated
with water 10 establish a conirel respense of the
fish 1o the method of application. All ather testing
procedures were identical during the control trialks.

Post-treatment water samples collected during
three 2,4-D trials were analyzed to estimate how
long the herbicide persisted in the immediate vicin-
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ity of the nest. Aquathal-E concemrations were not
measured in amy trials, but the dispersal of Aqua-
thol-K was assumed to be siemilar to 2 4-D dis-
persal. In each of three 2,4-D trials, water samples
were collected immediately following the applica-
tion of the herbicides, as well as 15, 30, and 45 min
after application. The samples were collected
throwgh a 6,4-mm Malgene® (Rochester, NY) hoss
that was taped to the coaxial cable running 1o the
external camera. In this manner, water samples
were withdrawn from the immmediate vicknicy of the
nest without disterbing the male guarding the nest,
The hose passed ihrough a peristaliic pump head
and inte a collection jar. Methyl esters of 2.4-D
were then analyzed with a Hewlett Packard (Avon-
dale, PA) 5830 GC ([20], method &5408).

Date enalyses

The videotaps recerdings were returned 1o the
tabaratary, whers an analysls of the behavior of
each test Msh was conducied, Specific behaviors
were listed 1o creare an ethogram (Table 1), Trials
were examined o decermine whether ithe male lef
thie nest whien the herbicide {or water) was sprayed.
Abandonment was defined as any instance when
the mabe left the nest and did not engage in agonis-
tic behaviors. If the male left the nest, the time
spent away from the nest was recorded. Videotapss
of the trials in which abandonment accurred were
also exarmined 1o deterendne whether ather fish in-
truded an the pest while the male was away. A con-
tingency table and the chi-square statisic were used

Tahle I. Ethogram of swnfish behaviors iallied

Behavior Deseriprion

Dasplay Mabe extends all fins and arients
woward a pereeived threat

Chase Mabe parswes anciber fish

Rim circling belabe swimis in circles aboul the
rimi of the nast

Fanning iale hovers over substrare and
uses pectosal fing 1o fan eggs

Spowning Male and female engage in re-
leaging epes and mill

Tail weeplng  Mabe uges tail 1o excavate or
cheam cui the nest

Submrane bating  Mabe blies at the substrare

Fleowr-up dlabs MNoais wp in the water
ealumm and remaiens suspended

Abandomment  Male leaves the nest lor reasons

gther than a chase
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1o test whether rates of abandonment wers signif-
peantly higher for sunfishes sprayed with either her=
bucade than for sunfishes sprayed with water. Yates
correction for a 2 x I contingency table was used
[21], 2nd significance was declared at p = 0,10,

An instantaneous samplng scheme [22] was em-
ployed o guantify behavioral states of bluegills
guarding eggs. The behavior of each bluegill at 25
randomly preselected moments in time was re-
corded during each 15-min perlod. Differences
ameng treatments in the frequency of certain be-
haviors were evaluated with analysis of covarianee
(AMCOVA). The frequencies of three different be-
haviors during the last 30 min of each trial (15-45
min afier spraying) were tallied for all bleegills
puarding eggs, irrespective of whether they aban-
doned the nests or not. All fish that exhibited an
abandonment response refurned to the nests within
15 min; therefore, observations of these fish were
inchuded in the analysis 10 increase the sample size,
Insufficient numbers of redear sunfish at a similar
reproductive stage were treated; therefore, no be-
havioral analysis was conducted for that species,

The three behaviors that served as the depen-
dent variables in each of the ANCOVA tess were
rim circling, fanning, and agonistic behaviors (ag-
onlztie included both display and chase behaviors).
Frequeney of each of the behaviors during the 15-
min control period served as the covariable in the
AMCOYA to reduce experimental error, and her-
bicide served as the independent variable, Belore
testing the adjusted means, bomaogeneity of slopes
was lested.

RESULTS

The remote video-monitoring system performed
well, Males commonly engaged In agonistic behav-
tors directed toward the external camera when i
was flrst placed pear their pests, but their behav-
ior seemed 1o return 1o normal before the 15-min

F.W, BerTow anp POW. Coang

Tahble 3. Concentratsan ol 2.4-D (mg/L) af the nest

Time of Concentration Crand

Trial  sample {min) [mg/L) mean [SE)
I 1] [ 1.
15 018
L 246

45 547 4.6 {2.1)
2 L] 1.91
15 4.24
30 564

a8 7.0% 6.9 (1.7
3 a b0
15 oun2
50 444

45 5.54 5.2(1.3)

Time ol sample refers 10 mioutes afier spraying was
completed.

habituation period was over. Water clarity aver-
aped about 1 m (Secchi disk transparency), but the
test animals (and often neighboring males puard-
inp their nests) were clearly visible in most trials.
The technalogy we employed 1o observe and recond
animal behavior in sitw clearly represents an im-
provement aver using scuba- or snorkel-equipped
divers, in terms of efficiency, safety, and minimiz-
ing disturbance of the 125t animal.

Herbicide concenrrations thae sunfizh would ex-
perience during karge-scale herbicide applications
(i.e., 24 mg/L) were exceeded most of the tims
(Table ). In cach of three trialks in which 2,4-D was
measured, mean coneentrations over 45 min wers
within 3 ppm of the pominal concentration (4 mgfL).
These results also revealed that herbicide dispersal
wis nononiform within each trial, but no patiern
was evideni.

Aquathol-K appeared to elicit o greater response
from nesting bluegills than 2,4-D when applisd as
a surface spray (Table 3). Sixty-six percent of all

Table 3. Incidence of nest abandonment and percentage of weials in which
congeners intruded if the mals abandened the nest

Abandon men?
Seage of Percent with

Species Trealtmens repreduction M Yas M Xt inarssions
Blizegill 1.4:D Epgs 8 ] 3 .01 1%
Blisgil  Aguathal-K Eggs 8 7 I 0.5% B8
Blisegill Conlral Egpgs & | 3 13
Redear 2,4D Al sages 7 4 3 .43 100
Redear Coatral All stages b 1 4 134

The ¢hi-square statisic tested whether abandonment rate for each species and Berbicide was higher than the aban-
conmen rave for ibe same species ineated wich water. Ciritical value of the chi-square statistie (1200 p = Q000 = 271
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buegills exposed to 24-D while guarding their eggs
temporarily abandoned their nests (six of nine tri-
als), whereas B8% of all bluegills exposed to
Aquathol-K while guarding their eggs abandoned
their nests (seven of eight trials). The differences,
howewer, were nod significant. Abandonment (yp-
jcally occurred saon (=30 5) after the herbicide (or
water) was sprayed near the nests. When expassd
o 2,4-D0, redear sunfish guarding eggs abandonesd
their nests at & shightly lower rate (50%; three of six
trials) than bluegills.

When the nests were sprayed with water, aban-
donment accurred in 20% of all the redear sunfish
trials and 50% of the bluegill wrials in which the
male was defending eggs or ry. The pull hypotk-
esis that the herbicides had no effect on abandon-
ment rale could not be rejected for either species or
herbicide ( p > 0.10; Table 3).

Congeners usually intruded en the sunfish nests
when the males left the pests (Table 3). The intrud-
ers arrived soon after the males [&ft and fed on un-
determined numbers of eggs or fry until the males
returned. Because herbicide concentrations =2 mg/L
wers present al each nest most of the time, conge-
ners intruding on the aest were alio exposed to the
herbicides,

For each tested behavior or graup ol behaviors
{rim eircling, fanning, agenisic), slopes amaong
treatmenis were declared similar {(p > 0.10). Ad-
justed mean rates ol rim circling, fanning, and ag-
onistic behaviors exhibited by Fsh sprayed with
2.4-D, Aquathol-K, or water were similar among
the thres treatments (@ = 0.35; Table 4). The hy-
pothesis that 2,4-D had no effect on buegill behav-

Table 4, Frequency of bebavions exhibived by bluegilly
guarding &3 after being spraved wilh
1,40, Aquarkal-E, or waer

Behaviar P 2.4-0  Agquahol-E  Water
Rim circling 033 129 BE 0.4
(1.5 (2.0} (2.6)
Fanming 0,54 150 16,4 15.5
(2.7 (3.0 3.8
Aganlstle 0487 100 1.5 1.6
(2.0) (2.1} (3.5)

Values represent adjusted menn freqeeacy of behavlors
during the ks 30 min of each wrial; valuss are adjusted
for frequency of same behavior during cach 15-min con-
tred pericd. Valoes in pareniheses are standard erroes,
Probabilites assoclated with tesing ihe hypathesis tha
adjusied meaes did nea &iTer (analysis of covariance with
2. 18 e fharelisied. Sample size per treamment =9 (2, 8-,
B {Aquankol-E, and § (gonoral),
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ior was further supported by the obgervation that
Bluegill spawning occurred in one trial 10 min af-
ier 2,4-D wag applied,

DISCUSSIOM

Permanent nest abandonment by bloegills re-
sults im higher mortality rates for eges and fry [23],
but the mean times of abandonment observed in
this research did mot seem to be biologically signii-
icant. Mo reporis were found that indicated aban-
donment times of only 5 to & min have an adverss
effect on the nesting success of sunfishes, despite
the fact that mest intrusion and egg predation were
observed, Egg predation would be noteworthy only
if it caused permanent nest abandonment and re-
sulted in fewer numbers of juveniles and adules,
Male sunfish sometimes abandon their nests when
the brood size is reduced, in order 1o mainain
themsehves for Future spawning opporiunities
[5,24,25]. Miost nests were observed afier they wene
sprayed, and none had besn permanently abane-
doned; therefore, egg and fry losses doee 1o shoet-
term predation by intruders were probably not
exseqsive. |1 i unknown whether similar egg losses
resalting (rom berbicide-induced, temporary nest
abandonment would adversely affect reproductive
success and recruitment by other nest-building fish
species.

The high rate at which other sunfish intruded on
abandoned nests suggests that congeners were also
unaffected by the herbicide applications. Water
sampling revealed that congeners intruded (and the
males returned 10 their nests) befoee the herbicides
had dissipated. From the intruder’s perspective,
benefits associated with nest predation outweighed
any risks from being exposed 1o the herbicide that
might have been detected.

When sunfishes are initially exposed to toxicants
swuch as Cd and Zn, behavkoral shifis occur [13]. In
this study, substaniive behavioral responsss by sun-
fishes exposed 1o the pwo tested herbicides could
fiol be detected, Similarly, Bain et al. [IT] were un-
able 1o detest significant responses by largemouth
bass exposed (o aquatic herbicides in a field exper-
iment. The concluskon that proper application of
Aguathal-E and 2,4-D herbicides will not result in
behaviaral aberrations agrees with the findings of
Hildebrand et al. [16] and Morgan et al. [14], who
worked with other herbicide formulations and
salmanids,

The reservair system where this study was con-
ducted is a relatively soft bady of water. Because
the toxicity of many herbicides is higher in solt
water [3,26], this study of behavioral responses
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1o herbicides represented 4 worsi-cass scenario.
Therefore, the likelihood of behavioral shifts re-
sulting from applications of 2,4-D or Aquathol-EK
in hard-water systéms appears (o be minimal,
Given the scarcity of such studies, additional field
studies of the interaction between these and other
kerbicides and survival-dependent behaviors are re-
guired to confirm the absence of delserions gide ef-
fects associated with herbicide treatments.

Aquatic herbicides are olten applied premixed
with various adjuvants that are added 10 improve
the performance of the herbicides. Adjuvants may
madify the dispession of the heebicide formualation
or may increxse the ability of the herbicide to pen-
etrate plant surfaces [27]. Some adjuvants are
known to increass the toxicity of herbicide formu-
lations [14] and may be toxic by themselves, bat
data abowt chronke or scute effects of adjuvants are
rare. Worldwide muktiple-use demands on lentic re-
soupces will increase in the years ahe=ad, and more
effective use of herbicides and adjuvants will likely
ke explored. Increased emphasis should be placed
on examining the response, in the labaratory and
in situ, of nontarget aguatic organigms Lo any po-
tentially toxic substances fnfentionally introduced
inta aquatic ecosystems.

Underwater videa 1echnology Is improving rap-
idly and will facilizate fuare in sivn behavioral 1ox-
lepdogy studies. Incorporating an intervalometer
(which eantrols the duration and frequency of
video recording) and additional remote cameras
into the basic system described in this paper will re-
duce the time (and ultimately, the cast) invelved in

datz collection. For instance, this study could ob-

serve only one nesting male per trial, even though
an entire colony was treated. With additional cam-
eras and the means to preprogram the recording of
video images, larger samiple sizes would be possi-
ble, with subsequent increases in the powsr of sta-
tlacieal gess,

Imterest in behavioral responses 1o Aquatic 1ox-
feants is expected (o increase [6]. Ag in other areas
of environmental impact assessment (e.g., thermal
pollutien and fish movements), increased empha-
sl will alse be placed on relating laborangry-
derived data to the svstems being managed or
degraded, The methbods outlined in this pager will
be appropriate when the specific location of figh in
wild or semiwild situations can be predicted with
reasonable conflidence. For instance, once a freshly
excavated sunfish nest is bosated, confidence is high
that & particular individual will be present at that
lgcation For at least a few days. Similarly, some
seream fishes exhibit strong affinicy For discrete Fars

P.W. Berrou axvp P.W., CLaRe

aging sites within their home range (e.g., brown
trout Safmo rewitr [28]), thus facilitating camera
placement and data acquisition. Underwater video
apparatus is useless in purbid sitwations; however,
direct observation of fish behavior at night is pos-
sible. Infrared-sensitive underwater cameras and
infrared hight sourcss are commercially available,
thus expanding the possibilaties for conducting in
situ behavioral toxicology studiss.
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