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EFFECTS OF DIETARY BORON AND ARSENIC ON THE 
BEHAVIOR OF MALLARD DUCKLINGS 
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Ah~tract- High ~oncentration~ of he ron and ursen i.: 11a1 · ~ been a;;soci at~d wi th irri l,!<!lion dra.in w;uer 
:J :ld a qu ~ ti ~ pl~nts ccmsumed b y wat~rfowl. Both con1pounds arfctt the ..:cmrnl nervous >vstem and 
c::n.se generalized physio to~icat d i!>trt>~ in m~m1l1:!l~ and waterfowl. We examined !ublcthal effects 
o:· i.loron and arsenic or. the behavior of developing mallard duckling..\ (An(!.! plutyrlryn,·hos ). Day­
old ctuck ltngs received en unt reated diet (COIHrol ) or a diet containing 1(10, 400. or 1.600 ppm oo­
ron. added a, boric acid, or 30 , 100. or 300 ppm arsenic. added as sodium ars~:nate . Activit)' 
sch~du!es and behavior duratio ns wer~ analy2.ed for c!'rects at the l':lriou! creatment level~. Both oo­
ron and ar$tni:: at th<: highest l~ \' e ll had signi ficant ~ffem o~ the actil'tty schedu le$ M oevelo ping 
du dltn!!S . mciLtd:ng 111Lrcu~ed ume at rest and under the pre>ndcd hec.t l:lmp . We~~~" cb:;~cvcd de· 
.:r ': •·'" ' iJ~ t!1c anl\lUiit of time lfC:ltcd clud.lin~~ sr~tH in alen bchavi(l" ~n<i in the Wlttcr in COli !· 
pat.:mr. t(l ..:on trot clue, ling, . Hi~lt l~ vd,. tll' boron lt.60U ppm) i nc rcH~ed kc:ding time ovtrall bu t 
did •1m inc rea.>c the amount of food .:onsumed . Arseni~ fv .. d no ei'kct on !'ceding beha1ior . There 
WCf<' !1(1 differ~n.:cs round in the dtJratiOM or behal'ior;; a! 3 result of treatment. These findin~s. 
in combination with r~poncd effects on the growth and phvsio1ogy of ducklings under identical treat· 
ments, suggeH that reponed concentra tions or these compounds in aquatic plants in the Central Val· 
ley c.f California could Ed versely affect normal duckling dcvdopmem and survi val. 

Anas p/alyrhynchos Mallard Duckling Beha vior 

l'liRODUCTIO,-.; 

Boron, a .. senic and selenium have attracted at· 
tention in r~cent years due tO potentially hazardous 
effects on w;!di: fe exposed tO them as constituents 
of irrigatio n .jrain water. Boron and arsenic become 
biologically <.vailabk to waterfowl from soil leach· 
ate as a cons·~quence of irrigation . Both boron and 
arsenic comr·ounds have been used as growth ad­
ditives in poultry feed; thus more data are available 
on their uptake, excretion and accumulation char· 
acteristics in birds than on their relatiYe toxicitv. 
Samples of ac;uatic plants irt waste irrigation wate.rs 
at several locations in the Central Valley of Cali­
fornia have e;:hibited hi(!h concentrations of boron 
(wigeon grass 1 R11ppia m"aritima]. mean of 371 ppm 
dry weight; grass seeds{ mc::~n of 1,860 ppm dry 
wetght ; algae meM of 501 ppm dry weight) [1). 
Boric acid, a co rn :110n form of boron readily ab­
sorbed by pla:Jt tissues, has a relatively low toxic-

*To whom wrr~!ponccn~e may b~ addres>ecl . 
Toe current addres£ of M.R. Whi t worth is Wat~r 

Poli:y Branch. :)M-22 ~ , Oifice of Poli.:y Analysis, U.S. 
Environmtnta l ::lrotection Ag~nc)'. 401 M Street , S.W. , 
Washington, DC 20460 , 
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ity; however, it has been found to accumulate in 
the brai n, spinal cord and liver after ingestion [2) 
and has been associated wi th central nervous sys· 
tern excitation, ataxia, depression and convulsions. 
Doric acid in the diet has caused growth retarda­
tion in mammals [2) . The L050 value for boric 
acid in rats has been reported from 3,160 to 5,140 
mg/kg [3A], Doses of 1,000 and 2,000 ppm boron 
added to the diet of male rats resulTed in germinal 
aplasia with associated reduction of enzymatic ac· 
tivities (hyaluronidase, sorbitol dehydrogenase and 
lactate dehydrogenase isozyme-x); 500 ppm had no 
effecr (5]. Decreased hatching success and duckling 
survival have been demonstrated for adult female 
mallards given I ,000 ppm dietary boron [6] . De· 
creased growth and physiological effects , includ­
ing altered concentrariom of hepatic glutathione, 
plasma triglycerides and hematocrit values, have 
been found in mallard duckl ings at 100 ppm [7) . 

Arsenic has b~en detected in wigeongrass from 
waste irrigation water at 430 ppm end is known tO 
accumulate to high levels as sodium arsenate in 
plant roots and tub¢rs [8]. Several comprehensive 
volumes on the ccti::>n and toxicity of arsenic are 
available [8- 11). Sodium afsenat<! is the most prev-
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alent environmental form of arsenic but is not as 
toxic as the trivalent arsenite form. The LD50 of 
sodium arsenite in mallard hens is 323 mgfkg [12). 
Symptoms of trivalent sodium arsenite poisoning 
in birds include muscular incoordination, slowness, 
f1uffed feathers, huddled appearance, immobility 
and seizures. Chronic sublethal exposure is asso­
ciated with weakness, paralysis and decreased 
growth, but 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 
expo~ed in early gestation [I 4-16]. 

Our study was part of a larger effort to exam­
ine sublethal effects of boron and arseni( on mal­
lard duckling growth and physiology. Dosages 
were selected to cover the range known to occur in 
irri,!tated drainwater em•ironmenrs [I) (Da\'id Gil· 
mer. U.S. Fish and Wildlife Service. personal com­
munJcation). ln an effon to asses~ potenrial 
behavioral effects resulting from drainwatcr expo­
sure. we examined rime budgets and daily actiYiiy 
patterns of ducklings consuming a range of c:tierary 
levels of sodium arsenate or boric acid from age of 
hatching to nine weeks. 

METHODS 
Ducklings and treatments 

One-day-old mallard ducklings obtained from 
Oak Ridge Game Farm, Gravette, Arkansas., were 
assigned randomly to seven trea£ment group~:. L09. 
400 and I ,600 ppm boron: 30, I 00 and 300 ppm 
arsenic; and controls. Three replicates for each 
treatment group resulted in a total of 21 pens. Ten 
birds per pen were maintained fora nine--week pe~­
riod on treatment: for behavioral observation, four 
randomly selected birds per pen were color-marked 
with lightweight plastic tags adhered to feathers at 
the base of the neck. 13oric acid (990Jc pure) or so­
dium arsenate (981lJo pure) (both from Fisher Scien­
tific, Pittsburgh, PA) were mixed directly or in 2"7o 
-warer, respectively, into commercial duel\ starter 
mash (Beacon Milling Co., Cayuga, NY) to obtain 
the specified boron and arsenic equivalents. The 
duck starter mash contained 2207o proteir,, 307Q crude 
fat and 40/o crude fiber. Moisture content ranged 
from 12.1 to 14.20/o, Dietary exposure started as 
soon as the ducklings were placed into the pens; 
food was available on a continuous basis. Feed was 
rnixed on a weekly basis, and samples of the die:ts 
were taken from each bat;;h of feed to assure cor­
rect concentrations. Pen size was approximately 
1.5 m x 3 m and contained a trough of flowing 

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 lamps were provided throughout the study 
period. 

Beha1•iora/ observations and analyses 
Quantitative data on seven behavioral activities 

(resting, feeding. bathing, preening, standing akrt, 
moving and drinking) were recorded from day 1 
of th~ experiment (duckling age, 2 d) on the four 
color-marked duckling~ in each pen. using a por· 
table microcomput~r. The observation order of the 
pens was randomized. Obser\'ations were made 
through specially designed doors allowing full vie-., 
of the pen but obscuring the observer. Observers 
were blind to dietary treatment throughout the 
study. Each of the four marked ducklings per pen 
,1:as observed for five continuou> minutes. result­
ing in on~ 20-min ob~en a don period per pen per 
day. During this time, the seven beha\'ioro and cor­
responding pen locatiom of the focal animal 1'ere 
recorded. At the: end of each 5-min interval. instan­
taneous data on activity and duckling locadon 
within the pen were collected for all four marked 
ducklings for each observation period. The com· 
puLer was programmed tO select the sequence of 
data collection randomly across all four ducklings. 
All data were collected between 0800 and 1600 h, 
and observation periods were evenly distributed 
across a.ll weeks for a total of !87 h. 

The seven behavioral activities were s.umma­
rized in two ways. The average duration of each 
observed activity was determined by combining the 
continuously collected data from all sampie birds 
within a pen and sampling period and dividing by 
the number of times the activi!y was observed. 
Similarly, the instantaneously collected data from 
each behavior were also combined within each pen 
and divided by 20, the number of instantaneous 
observations in a sample, to yield an estimate of 
the proportion of time spent in each activity. Lo­
cation 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. l). The study period 
was then divided into three equal t!me periods (pe­
riod l ==weeks 1-3; period 2 =weeks 4-6; period 
3 =weeks 7-9). The time pc:riod was included in 
subsequent analyses. fer each behavior, the dura­
tion and percentage of observations were compared 
wilh a two-way analysis of variance (ANOVA) 
having main effects of dietary neatment and time 
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Fig. 1. Tirnt bL1dgw of untreated control mallard dL;d­lings for peri·)d, I Ll1rou~h 3. Period I consisted of weeks 1 to 3; period 2. wecb 4 to 6, and period 3, weeks 7 10 9. Poims arc b<tsecl 011 in;.Lamaneou> recordings and rcp­re•ent mean1 ( '' ::: ~6 1 for each hdla,·ior. 

penod. Tu::e) 's sJUdenrized rliinge test [17] was used ro separate main effect rneans when the ANOVA indicared differences existed (p < 0.05). 

RESUL'fS 

Ti1e resul:s prcsemed are based on the instanta· neous b-:lha> ior data; continuous behavior data, collected only to examine durations of behaviors, yielded no si~nificant treatment effects. Three be­haviors, bathing (arsenic rreatment only), standing alcn (both arse1:ic and boron lrcatments) and rest-
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ing (boron treatment only) showed signrficam pe­riod-treatment interacriom (p < 0.05: rig~. 2a Jb). 
Arsenic 

Instantaneous behavior data yielded time per­centages spent in each behavior type (Table 1 ). Di­etary arsenic at 300 ppm had an effect (p < 0.05) on the amount of time spent rcs1ing and in alert posiUrc. Ducklings on the 300-ppm diet ;pen< more than 3307o of their time resting, whereas controls r'eStecl l7.90fo of tht time:. Th;s_effecJ directly innu­ent:Cd 01e amcunr of timt available for alen b!;hav­ior. Birds trca1ed a! 300 ppm arsenic ~pent only 14.9llio of their time standing and alert. comnared to 26.5% for conrrols. 
There was an interaction of treatmenr 1md age on a len behavior in 300 ppm-dosed birds ( p = 0.0002). Control ducklings increased the amO\Jnt of time spent alen over time (see Fig. 1) from l0.907o (SF-= 2.6) in period J lU 4n.8~'v (SE = 4 2) in period J; th<- rate of incrca.se (age: cff~ct) was higher than rhat in the 300-ppm \reatmen! group (Fig. 2a). There ~¥ere significant arsenic trearmem effecrs on time spent in various locations wirhin the pc11. Birds on 30- and 300-ppm diets spent less time in the warcr trough rhan did controls (26.6 and 24.9 vs. 43.7"lo; p = 0.0001). Thirty- and 300-ppm ar­senic treatments resulred in decreases in bathing time (overall p == 0.0 17); !1owever, separations of means were seen only in period 2 and for all peri­ods combir1ed (fig. 2b). Ducklings on 300-ppm di­ets also spent significantly more time UI!dc:r or near the hear lamp rhan controls (10.9 vs. 4.6o/o; p = 0.023). This effect was evident, despite 1l1e signif-
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Fig. Ja. The intilraction of time p;:riod and boron-treated 
diets on resting behavior in mallard duckling:;. Point> rep· 
resent rneans: standard error~ were omin~d for durit:. 

Fig. 3b. The interaction of timt: period and 1.600-ppm 
boron-treated die• on alert behavior in mallard ducklings. 
Poim< reprc~cnt mcam:: I su. 

icant decreasing age effect on time spent und~r the 
lamp (p = 0.001); overall duckling time spent un­
der the lamp decreased from 12.30/o in period I to 
3.1 '1/o in period 3. 

creased ! p < 0.05) bathing tim~ from :; ~ontrol 
level of 26.40:o to 12.8 and 14.4flio, respective!). 
Both feeding and preening times were increased 

(p < 0.05) in treated ducklings (1,600 ppm and 100 
ppm, respectively) over controls. Ducklings fed 
1,600 ppm boron were affected (p < 0.05) in the 

amount of time spent resting and in alert posture. 

Treated birds rested 34.81lj'o of the time, compared 

to controls at !7 .90Jo. There were significant (p < 

Boron 

Dietary boron in the form of boric acid had 

an effect on five of the seven observed behaviors 

(Table 2). Boron at l 00 ppm and I ,600 ppm de-

Table I. Effects of dietary arsenic on the percent tim~ spent in ~~rious behaviors 
by mallard ducklings (tim~ periods combined unless indicated) 

Untreated Arsenic in diet, ppm 
controls 
(11 = 86) JO(n=91) 100 (n = 97} 300 (11 :::; 93} 

Bathin11" 26.4 (2.9)~. )7.6 (2.6)< 22.2 (2 7) 17.6 (2.2)' 

Period 1 36.3 (5.9) 32.5 (5.3) 43.4 (5.4) ::!5.9 (4.3) 

Period 2 31.2(4.8) 11.5 (2.9)~ 15.6 (:l. 7)d 18.4 (3.9) 

Period 3 11.0 (2.3) 5.8 (2.3) 6.2 (1 .9) 8.3 (!.9) 
Feeding 10.3 (1.5) 13.5 (1.7) 11.6 ( i.5) 11.7 (1.6] 

Preening 13.9 (1.6) 12.8(1.7) 16.0 (2.0) 17.6 (2.1] 

Resting 17.9 (3.0) 17.7 (3.2) !2.& (24} 33.7 (4, ll' 
Alert" 26.5 (2.6) 33 .I (2.9)' 30.5 (2,.1) 14.9 (l.9)' 

Period I 10.9 {5.9) ! s. 7 (3.5) 12.9 (2.5) 10.3 (;1.9) 

Period 2 22.9 {3.6) -l5.6 (5 .6)" 35.8 (4, I) 12.2 (2.7) 

Period 3 46.8 (.l.2) 42.8 {4.3) 44 0 (3.9) 2:!.3 (3.7)~ 

Moving 4.1 (0.8) 4.4 (0.7} 6.3 (0.8} 4.1 (0.7) 

Drinking 0.9 (0.3) 0.9 (0.3) 0.7 {O.:Z) 0.3 (0.1} 

"Period-treatment interaction wa; f01111d with ANO\· A (p < 0.05). Result~ of main 
effects tests :~nd one-way ~nalyscs within periods are both pr~semed. 

bj (&E). 
'Significantly different from controls in rwo.way analyses usins Tukey's multiple com­
parison (p < 0.05). 

dSignificantly different from controls in one-way analyses within period using Tukey's 
multiple comparison (p < 0.05). 
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Table 2. Effect of dier~ry boron on the percent time spent in various behav1ors by mallard ducklings (time periods combined unless indicated) 
Untreated Boron in diet, ppn1 controls 
(n =: 86) 100 (n = 108) 400 (n "' 97) 1.600 (n :::: 97) 

!hthing 26.4 (2.9)" 12.1! (2.3)\' 19.5 (1.7) 14.4 (2.2)~ fccdint: 10.3 (1.5} 10.9 (1.5) 13.4 (U) 17.2 (2.!) 0 Preening 13.9 (1.6) 21.7 (2.51h !5.0 (l .9) 11.8 (1.6) Resting' 17.9 (3.0) 16.1 (3.5) 21.3 (3.5} 34.8 (3 .8)n Period l ~ 26.3 (7.3) 39.6 (5.5) 18.6 (5.4) 4!.6 (6.4) Period 2 12.0 (2.9) 24.1 (5.7) 37,4 (7.3)' 41.9 (7 .0)" Period ~ 14.7 (3 .9) 12.1 (3.9) 6.1 (2.0) 22.7 (6.1) .-'.len' 26.5 (~.6) 21.7 (2.1) 24.1 (2.6) 15.5 (2.1 )1' Period I 10.9 (4.6) 7.2(1.8) 8.0 (1.8) 5.1 (1.1) Period ~ 22.9 (3.6) 11.3(3.5) 16.5 (3 .2) .22.9 (2.4) P~riod 3 46.8 (4.2) 39.4 (3.7) 52.1 (4.6) 28.7 (4.6)" i'l'hlVillg 4.1 (0.8) 6.1 (0.9) 6.2 (0.8) 5.3 (0.9) Drinking 0.9 (0.3) 0.6 (0.~) 0.6 (0.2) 1.1 (0.4) 
"j· (Sf). 
"Significantly different from comrols in rwo-way analyses using Tukey's multiple com­p~rison (fl..::: 0.05). 
· Per1od-trearrncnr inrcrauion 1vas round wirh ANO\' A (p < 0.05). Resulrs of main .:(f~C!\ rest> and CFJc-way analyses wirhin period> are both pres~med. ''\!c:.m are differenr ba~ed on ANO\'A (p < 0.05). but no separation found wirh Tuke)"s muhiple comparisons. 'Significantly differem from controls in one~way analyses wirhin period using Tuke)"s multiple comparison (p < 0.05). 

0.05) rime period effects on the proponion of time spent resting, but the effect was different at each treatment level (Fig. 3a). Time alen decreased sig· nificantly (p < 0.05) from thar of controls (I 5.5 vs. 26.50:o}. However, by period 3, percent time alert for the two lowesr treatment concentrations had reached conrrol levels; only I ,600-ppm birds re· maincd at a suppressed level (Fig. 3b). 
Boron treatments had a significant effect on the rime ducklings spenr in the water and under the heaL lamp. Birds treated with 1,600 ppm boron spent a greater amount of time under or near the heat iamp than controls (19.1 vs. J.!Oio; p = 0.0001); this effect was significant despite the over­all decreasing proportion of time spent near the lamp (p = 0.0004). Time spent in the water trough was al:;o affected at all treatment levels (21.4o/p at JOQ ppm, 31.20Jo ar 400 ppm and l3.007o ar 1,600 ppm), averaging 25.2 vs. 43.70Jo for controls (p = 0.0001). 

DISCUSSION 
Time-activity budgets are important aspects of behavioral ecology, and their documentation aids in understanding habitar utilization and energy consurrption. Alterations in the allocation of en­ergy in ·:ieveloping ducklings, as a result of toxicant 

exposure, could seriously jeopardize survival. In addition, behavioral adjustments made in response to environmental stressors may serve to mitigare potential effects, but such adjustments themselves may affecr individual survival. Few detailed field studies are available on time budgets for develop­ing ducklings, primarily because ducklings are so difficult ro observe. This stUdy utilized a controlled experiment to compare detailed effects of boron and arsenic on behavioral activities in an attempt to beuc:r understand the mechanisms by which environ­mental contaminants may be affecting waterfowl. Such a study could not practically be accomplished in a fic:Jd sening. Although it can be argued that the absolute percentages spent in these measured behaviors are probably not identical to those in na­ture, these resu Its suggest that both arsenic and bo­ron may alter behavioral patterns and could affect survival of mallard ducklings. 
Although none of the focal animals observed in the behavioral study died, results from a larger sample of birds in an associated study showed ·I Oo/o mortality and decreased overall growth and nue of growth at 1,600 ppm boron [7]. ln the same study, physiological measurements, including hematocrit, hemoglobin and plasma calcium concentrations, were lower in the 1,600 ppm treatment group. 
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Brain boron concentrations increased with dietary 
level, with brain ATP decreasing [7]. Arsenic at all 
treatment levels 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 concemration [7]. Treatments 
had no effect 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 corroborate the observed 
beha\'ioral effects; increased resting times were pre­
sumably linked to decreased brain energy levels. 

It is noteworthy that, despite the obv1ous sur­
vival valu~ of alert beha,'ior, panicularly to older 
fledged ducklings who no longer have constant 
adulr protection, boron- and arsenic-treated ducks 
effectively 'acrificed iime spent standing alert. al­
iov, ing for extra time in prolonged rest ins; periods. 
They continued w devote normal or abo\'e-normal 
atnounrs of time in self-maintenance behaviors 
such as feeding. Whether wild ducklings woulo . 
make similar tradeoffs remains unanswered. Be­
cause actual fooct consumption was not measured 
as part of the study and would be difficult to do 
with free-ranging ducklings, feeding efficiency and 
nutrient absorption cannot be estimated; both of 
these factors could influence general health and 
survivability. 

In summary, developing mallard ducklings ap­
peared tO select increased rest and supplementary 
warmth in response to exposure to 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 Jess than l 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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