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alent environmental form of arsenic but js not as
toxic as the trivalent arsenite form. The LD50 of
sodium arsenile in mallard hens is 323 mg/kg [12].
Symptoms of trivalent sodium arsenite poisoning
in birds include muscular incoordination, slowness,
fluffed feathers, huddled appearance, immobility
and seizures. Chronic sublethal exposure is asso-
ciated with weakness, paralysis and decreased
growth, bui rarely results in death because of rapid
detoxification and excretion [9]. Sodium arsenate
in the diet of ducklings decreased growth and af-
fected blood, liver and brain biochemistry (13}
Teratological effects, including exencephaly. were
caused by low levels of sodium arsenate in mice
exposed in early gestation (14-16].

Our study was part of a larger effort (0 exam-
ine sublethal effects of boron and arsenic on mal-
lard duckling growth and physiology. Dosages
were selected 10 cover the range known (o occur in
irriated drainwater environmenrs {1] (David Gil
mer, U.S. Fish and Wildlife Service. personal coru-
munjcation). In an effort 1o assess potential
behavioral effects resulting from drainwater expo-
Surc. we examined time budgeis and daily activity
patterns of ducklings consuming a range of dietary
levels of sodium arsenate or boric acid from age of
hatching 10 nine weeks.

METHODS
Ducklings and treatmenis

One-day-0id mallard ducklings obtained from
Qak Ridge Game Farm, Gravette, Arkansas, were
assigned randomly to seven treatment groups: 100,
400 and 1,60G ppm boror; 30, 100 and 300 ppm
arsenic; and controls. Three replicates for each

treatment group resulted in a 1ota) of 21 pens. Ten,

birds per pen were maintained for a nine-week pe-
riod on treatment; for behaviora) observation, four
randomly selected birds per pen were color-marked
with lightweight plastic tags adhered to feathers at
the base of the neck. Boric acid (99% pure) or so-
dium arsenate (98% pure) (both from Fisher Scien-
tific, Pittsburgh, PA) were mixed directly or in 2%

‘Water, respectively, into commercial duck starter

mash (Beacon Milling Co., Cayuga, NY) t0 obtain
the specified boron and arsenic equivalents, The
duck starter mash contained 22% proteir, 3% crude
fat and 4% crude fiber. Moisture content ranged
from 12.} 10" 14.2%, Dietary exposure slarted as
soon as the ducklings were placed into the pens;
food was avajlable on a continuous basis. Feed was
mixed on a weekly basis, and samples of the diets
were taken from each batch of feed to assure cor-
rect concentrations. Pen size was approximately
L.5m x 3 m and comained a trough of flowitig

water (0.3 m X 1.5 m) at one end. These pens were
in partially enclosed buildings and received the nat-
ural photoperiod during the spring and summer.
Heat Jamps were provided throughout the study
period,

Behavioral observations and analyses

Quantitative data on seven behavioral activities
(resting, feeding. bathing, preening, standing alert,
moving and drinking) were recorded from day 1
of the experiment (duckling age, 2 d) on the four
color-marked ducklings in each pen. using a por-
table microcomputer. The observation order of the
pens was randomized. Observations were made
through specially designed doors allowing full view
of the pen but obscuring the observer. Observers
were blind 1o dietary treatment throughout the
study. Each of the four marked ducklings per pen
was observed for five continuous minutes. resul-
ing in one 20-min observatjon period per pen per
day. During this time, the seven behaviors and cor-
responding pen locations of the focal animal were
recorded. Al the end of each S-min interval. instan-
taneous data on activity and duckling locatjon
within the pen were collected for a)l four marked
ducklings for each obscrvation period. The com-
puter was programmed to select the sequence of
data collection randomly across ail four ducklings.
Al data were collected between 0800 and 1600 h,
and observation periods were cvenly distributed
across a}] weeks for a total of 187 h.

The seven behavioral activities were summa-
rized in two ways. The average duration of each
observed activity was determined by combining the
continuously collected data from all sampic birds
Wwithin 2 pen and sampling period and dividing by
the number of times the activity was observed,

Similarly, the instantaneouslv cojlected data from’

‘each behavior were also combined within each pen
and divided by 20, the number of instantaneous
observations in a sample, to vield an estimate of
the proportion of time spent in each activity. Lo-
catjon within the pen, including proximity to the
heat lamp, was simultaneously recorded with each
instantaneous activity record.

Preliminary analyses indicated that the dura-
tions and proportions of time in each activity
changed during the study (Fig. 1). The study period
was then divided into three equal time periods (pe-
riod 1 = weeks 1-3; period 2 = weeks 4-6: period
3 = weeks 7-9), The time period was inciuded in
subsequent analyses, Fer each behavior, the dura-
tion and percentage of observations were compared
with a two-way analysis of variance (ANOVA)
having main effects of dietary treatment and time
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Fig. 1, Time budgers of untreated conirol malard dick-
lings for periads | through 3. Period | consisted of weeks
110 3; period 2, wecks 4 10 6: and period 3, weeks 7 10
9. Points are based on instantaneous recordings and rep-
resentmeans {2 = 46) for cach hehavior,

period. Tukey's swudenized range 1est [17] was
used 1o separale main effect means when the
ANOVA indicared differcnces existed (p < 0.05).

RESULTS

The resul:s presented are based On the instanta.
neous behavior data; continuous behavior data,
collected oniv 1o examine durarions of behaviors,
vielded no siznificant treayment effects. Three be-
haviors, bathing (arsenic wreaimen only), standing
alert (both arsenic and boron treatments) and res-
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ing (boron treaiment only) showed significant pe-
riod-(reatment interactjons {4 < 0.05; Tigs. 24 ~3b)

Arsenic

Instantaneous behavior daia yielded time per-
Centages spent in each behavior Llype (Tablz 1). Di-
clary arsenic at 300 ppm had an effect (p < 0.035)
on the amount of time spent resiing and in aler(
posiure. Duckiings on the 300-ppm diet speni more
than 33% of their time resting, whereas controls
rested 17.9% of the time. This effec directlv influ-
enced the ameunt of tme avajlable for alert behay-
for. Birds treated ar 300 ppm arsenic spemt only
14.9% of their 1ime standing and aiert, compared
18 26.5% for controls.

There was an interaction of reatment and age
on alert behavior in 300 ppm-dosed birds (p =
0.0002). Control ducklings increased the amount
of time spent alert over rime {see Fig. 1} from 10.9t,
(SE=2.6)in period | 10 46.80 (SE = 4.2} in period 3;
the rate of increase {age effect) was higher than
that in the 300-ppm treatment group (Fig. 2a).

There were significant arsenje treatment effecrs
on time spent in various locations within the pen.
Birds on 30- and 300-ppm diets spent less time in
the water trough than dig controls (26.6 and 24 .9
v§. 43.7%: p = 0.0001). Thirty- and 300-ppm ar-
senic treatments resulted in decreases in bathing
time (overall p = 0.017): however, separations of
means were seen only in perjod 2 and for 3] peri-
ods combined (Fig. 2b). Ducklings on 300-ppm di-
ets also spent significantly more time under or near

the heat lamp than controls (10.9 vs. 4.6%; p =
0.023). This effect was ¢vident, despite the signif-

50

—&— CONTROL
a0 == AN A
30

PERIGD

b

esemic-treated diet on (a) alert behavior and (b) bathing behavior

£0:bT



3

ol il

0l/08/2001 14:

CTR POP HEALTH

914 M. R. WHITWORTH ET AL.

60 [ .__‘

—fx— CONTHOL
t —B PP |
50 50 —1 .
~—— MUKITM B CONTROL
e el U SRR

- —O0— maprmb w
z a0 = aa F
" z
14 w
<34 =
cF 0} - 90}
P24l )
e e
2 =
% 0+ " b
€ ¥

6k whE

[ ]
0 N N N o
2 3 + 2 H
PERIOD PERIOD

Fig. 3a. The interaction of time period and boron-treated
diets on resting behavior in mallard ducklings. Points reps
resent means; standard errors were omitted for clarity .

icant decreasing age ¢ffect on tine spent under the
lamp (p = 0.001); overall duckling time spent un-
der the lamp decreased from 12.3% in period | to
3.1% in period 3.

Boron

Dietary boron in the form of boric acid had
an effect on five of the seven observed behaviors

Fig. 3b. The interaction of time period and 1.600-ppm
boron-ireated diet on alcn behavior in mallard ducklings.
Points represent means = 1 SE.

creased (p < 0.03) bathing ume from  control
level of 26.4% (0 12.8 and 14.4%, respectively.
Both feeding and preening times wer¢ increased
(p < 0.03) in treated ducklings (1,600 ppm and 100
ppm, respectively) over controls. Ducklings fed
1,600 ppm boron were affectad (p < 0.05) in the
amount of time spent resting and in alert posture,
Treated birds rested 34.8% of the time, compared

0.05) time per
spent resung,

i (Table 2). Boron at 100 ppm and 1,600 ppm de- o controls at 17.9%. There were significant (p <
¢ treatment Jeve
- | nificantly (7 <
. Table 1. Effects of dietary arsenic on the percent \ime spent in various behaviors 26.5%). How
) “‘ by mallard ducklings (time periods combined unless indicated) for the two lc
o — reached corti
.| Untreated Arsenic in diet, ppm mained at a5
. i controls -
. | (n = 86) 30 (n =91) 100 (7 =97 300 (n = 93) ~ Boron trea
- time duckling
“ Bathing; ge.a 2.9 17.6 (2.6)¢ 22.2 (247; 17.8 (i.g)f heat lamp. B
- I Period ! 6.3(5.9) 32.5(5.3) 434 (5.4 25.9 (4.3) . e .
' !: Period 2 31.2(4.8) 1.5 (2.9 15.6 (2.7)¢ 18.4 (3.9) ;I;a?tla 3r¢al;
I Period 3 11.0 (2.3) 5.8(2.3) 6.2(1.9) 8.3(1.9 amp 1
N I Fecding 10 3(1.9) 13.5(1.7) 11.6 (1.5) 11.7(1.6) 0.0001); this e
If Preening 3.5 (1.6) 12.8 (1.7} 16.0 (2.0) 17.6 (2.1) g all decreasing
TT‘ Resting ;7.9 (3.0 17.73.2) 12.8(2.4) 33.7 (4.1)° . lamp (p =0
: Alert* 26.5 (2.6) 33.1 (2.9 30.5 (2,4) 14.9 (1.9 was also affe
: Period 1 10.9 (5.9) 15.7 (3.5) 12.9 (2.5) 10.3 (2.9 100 o
i Period 2 22.9(3.6) 45.6 (5.6)¢ 35.8 (4. 12227 ppm, 31,
4 Period 3 46.8 (4.2 42.8 (4.3) 44.0(3.9) 223 (3.7)° ppm), averagi
Moving 4.1 (0.8) 4.4(0.7) 6.3(0.8) 4.1(0.7) 0.0001).
Drinking 0.9(0.3) 0.9(0.3) 0.7 (0.2) 0.3(0.1)
- "Period-treaument interaction was found with ANOVA (7 < 0.05). Results of main Ti .
4 effects tests and one-way analyses within periods are both presented. I me-acti
Y% (SE). behavioral ece
sSignificantly different [rom controls in two-way analyses using Tukey’s mulliple com- in understanc
parison (p < 0.05). consumption
YSignificanty different from controls in one-way analyses within period using Tukey’s ey i oney .
multiple comparison (p < 0.05). €y in Geveld
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Table 2. Effeci of dietary boren on the
by mallard ducklings (1ime peri

Effecis of boron and arsenic on duckling behavior

pereent time spent in various behaviors
ods combined unless indicaied)

Untreateg Boren in diet, ppm
controls
(n=86) 100 (n = 108) 400 (n = 97) 1,600 (n = 97)
Bathing 26.4 (2,9)% 12,8 (2.3)° 19.5 .7 14.4 2.2)°
Feeding 10.3 (1.5) 10.9(1.5) 13.4 (1.5) 17221
Precning 13.9(1.6) 21,7 (2.50 15.0 (1.9) 11.8 (1.6)
Resting® 17.9(3.0) 26.1 (3.5) 21.3(3.5) 34.8 .80
Period 19 26.3 (7.3) 39.6 (5.5) 18.6 (5.4) 41.6 (6.4)
Period 2 12.0(2.9) 240 (5.1 37.4 (7.3)¢ 41.9 (7.0)°
Period 3 14.7 (3.9 12.1 (3.9) 6.1 2.0y 22,7 (6.1)
Alert+ 26.5 (2.6) 21,72 24,1 (2,6) 155 .
Period 1 10.9 (4.6) 7,.2(1.8) 8.0(1.8) S
Period 2 22.9(3.6; 21,3 (3.5) 16.5(3.2) 22.9 (2.4y
Period 3 46.8 (4.2) 39.4 (3.7) S2.1(4.6) 28.7 (4.6)"
Moving 4.1(0.8) 6.1 (0.9} 6.2(0.8) 3309
Drinking 0.9 (0.3) 0.6 (0.2 0.6 (0.2) 1.1 (0.4)
"X (SE).

"Significantly different from controls in 1wo-way analyses using Tukey’s multiple com.

parison (p < 00.05).

*Period-treatment WCraciion was found with ANOVA (57 < 0.05), Resulis of main
¢ffects 1ests and one-way analvses within perieds are boih presented.
“Means are different based on ANOV A (p < 0.05). but no separation found with

Tukey’s multiple comparisons,

“Significanty difierent from controls in one-way analyses within period using Tukey’s

muhiple comparison {p < 0.05).

0.05) time period effects on the proportion of time
$pent resting, but the effect was different at each
treatinent level (Fig. 3a). Time alert decreased sig-
nificantly (p < 0.05) from thar of controls (15.5 vs.
26.5%). However, by period 3, percent time alert
for the two lowest treatment ¢oncentrations had
reached conirol levels; only 1,600-ppm birds re.
mained al a suppressed leve) (Fig. 3b).

Boron treztments had g significant ¢ffect on the
time ducklings spent in the water and under the
heal lamp. Birds treared with 1,600 ppm boron
Spent a greater amount of time under or near the
heat iamp than controls (19.1 v, L1%; p =
0.0001); this effect was significant despite the over-
all decreasing proportion of time spent near the
lamp (7 = 0.0004). Time spent in the water trough
was also affecred at all trearment levels (21.4%, ar
100 ppm, 31.2% at 400 ppm and 23,0% ar 1,600

Ppm), averaging 25,2 vs. 43,99, for controls {p =
0.0001).

DISCUSSION

Time~activity budgets are important aspects of
behavioral ecology. and their documentation aids
in understanding habitar utilization and encrgy
consurrption. Alterations in the allocation of en-
ergy in developing ducklings, as a result of toxicant

T HLWIH dOd &0

cxposure, could seriously jeopzrdize survival. In
addition, behavioral adjustments made in response
to environmental stressors may serve to mitigare
potential effects, but such adjustments themselves
may affact individual survival. Few detailed field
studics are available on time budgeis for develop-
ing ducklings, primarily because ducklings are so
difficult to observe. This study utilized a controlled
experiment to compare detailed effects of boron
and arsenic on behavioral activities in an attempt 10
betier understand the mechanisms by which environ-
mental contaminants may be affecting waterfowl.
Such a study could not practically be accomplished
in a ficld setting, Although it ¢can be argued tha
the absclute percentages spent in these measured
behaviors are probably not identical o those in na-
ture, these results suggest that both arsenic and bo-
ron may alter behavioral patierns and could affect
survival of mallard ducklings,

Although none of the focal animals observed in
the behaviorai study died, results from a larger
sample of birds in an associated study showed-]0%
mortality and decreased overall growth and rate of
growth at 1,600 ppm boron {7]. In the same study,
physiological measurements, including hematocerit,
hemogiobin and plasma calcium concentrations,
were lower in the 1,600 Ppm treatment group.,

1002/80710
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Brain boron concentrations increased with dietary
level, with brain ATP decreasing [7]. Arsenic at all
treatment Jevels decreased growth and growth rates
in females, and Arsenic in the diet at 300 ppm also
altered brain biochemistry, reducing ATP concen-
tration [13]. A significant negative correlation was
found between brain boron concentration and de-
creased brain ATP concentration [7]. Treatments
had no ¢ffect on the amount of time spent feeding
or preening by arsenic-treated birds. and 1,600 ppm
dietary boron actually increased feeding time over
controls. These findings corroboraie the observed
behavioral effects; increased resting times were pre-
sumably linked to decreased brain energy levels.
1t is noteworthy that, despite the obvious sur-
vival value of alert behavior, particularly to older
fledged duckiings who no longer have ¢ounstant
adult protection, boron- and arsenic-treared ducks
cffectively sacrificed time spent standing alert. al-
iowing for extra time in prolenged resting periods.
They continued 10 devote normal or above-normal
amounts of time in self-maintenance behaviors

such as feeding. Whether wild ducklings would .
make similar tradeoffs remains unanswered. Be-

cause actual food consumpiion was not measured
as part of the study and would be difficult to do
with free-rangiog ducklings, feeding efficiency and
nutrient absorption cannot be estimated: both of
these factors could influence general health and
survivability.

{n summary, developing mallard ducklings ap-
peared 10 select increased rest and supplementary
warmth in response to exposure 10 high levels of
arsenic or boron. Their compensating shift in time
budgets was only marginally successful in main-
taining weight and survival in a small penned en-
closure [7,13); however, in the natural environment,
decreased time available for normal’alert behavior
would have obvious drawbacks. Furthermore, en-
ergy required to secure food in a natural habitat
would be far greater than walking less than I m to
a full food trough in a confined pen. Therefore,
both of these factors, predator avoidance and for-
aging strategies, may be affected negatively in wild
birds exposed to similar levels of boron and arsenic.
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