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Abstract: Three generations of mallard ducks (Ancs vk.tyrh!1ncho.!! "'·ere fed either a contrcl diet or .1 

diet containing 0 . .5 ppm m~rcury in the ronn of ml!'thylmercury. The Je,•eis of m~rc.·•.uy in adult tissues and 
eggs remained about the same o•·er 3 generations. The methylm~rcury diet had no effect on adult "'eights 
or weight changes durin& the reproductive season. F~males fed a diet containin~ 0.5 ppm mercury laid 
a greater percenQge of their ew outside their nestboxes than did controls, 3nd also bid fewer eggs lr.ld 
produced fewer ducklings. ~lethylmerc:ury in .the diet 3ppeared to res'l.ih in a small amount of e~~hell 
thinning. Ducklings from parents fed meth~·lmorrcury were less responsive than controls to ta~recorde-d 
maternal calls, but were hyper·responsive to a friF:htenin.: stimulus in a'·oidanc-e tests; there u.·er£ no 
sip!i6cant differences in locomotor activity in an open-neld test. 

The purpose of this paper is to describe 
reproductive and behavioral effects of 
methylmercury on 3 generations of mal
lard ducks. Findings for the lst and 2nd 
generations were reported earlier (Heinz 
1974, 1975, 1976b, 19i6c, Heinz and 
Locke 1976). Here, I have combined the 
data for all 3 generations to determine 
changes from generation to generation 
and overall effects that might not have 
been statistically significant in the anal
ysis of single generations. 

To my knowledge. there have been no 
reported multiple generation studies on 
the effects of mercury or any other envi
ronmental pollutant on waterfowL Such 
studies have been reported for japanese 
quail (Cotumi:t coturnix japonica) (Car· 
nio and McQueen 1973). ring-necked 
pheasants (Phasianus colchicus) (Dahl
gTen and Linder 197 4), and ring doves 
(Streptopelia risoria) (Peakall et al. 
1972).. I thank the following people for 
their help in the study: C. S. Cruger, R. 
B .. Frederick, D. C. Gray, R. G. Heath, P. 
.~. Heinz, G. Hensler, and N. C. ~tiller. 
]. B. Elder provided the ~torsodren used 
in chis study and others. 
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METHODS 

An abbreviated description of the care 
of adults, care of eggs and young, and be
havioral tests is given below. Additional 
details ""·ere reported previously (Heinz 
1974, 1976b, 1976c) .. -\ 1-war analysis of 
variance was used to check for changes 
in mercury levels in tissues from gener• 
ation to generation. Reproductive and be· 
havioral comparisons involved 2 factors 
(treatment and generation); these com· 
parisons were made with a 2-way analy
sis of "·ariance. A signifkanc:e level of 
0.05 was used. Generation effects are not 
discussed because significant differences 
from 1 year to another, if any, would not 
be related to mercury treatment but to 
other factors such as "''eather. 

Care of Adults 

The game-farm mallards u~ed as breed· 
ers in the 1st generation were IS-month
old males and 30-month-old females. 
Breeders in the 2nd and 3rd generations 
·were randomly selected off.o;pring from 
designated hatches of control eggs and 
eggs of parents fed mercur;.. Offspring 
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were paired randomly, except that broth· 
er-sister pairs were excluded. ~ercuJj' 
treatment in the 1st generation began 
when the breeders were adults (Heinz 
19i6c:83). In the 2nd and 3rd generations 
mercurv treatment began at 9 days of age. 
The m~rcury was in the form of methyl· 
mercury dicyandiamide, the active ingre
dient in the fungicide ~forsodren. The 
dietarv concentration was set at 0.5 ppm 
merc~rv in drv duck mash. equivalent to 
about 0~1 ppm. in a natural succulent duck 
diet (Heinz 1975:554-S.XS). In the 1st 
"'eneration there were 10 pairs of controls 0 

and 9 pairs of ducks fed 0.5 ppm mercury. 
In the 2nd and 3rd generations there 
were 14 pairs of each treatment. Each 
pair of breeders was randomized to a 1-
m: pen and provided with a nestbox and 
ad libitum food and water. Samples of 
feed were saved to confirm the mercury 
leveL 

For the 2nd and 3rd generations adults 
were weighed in January and May to 
check for differences in weights or 
weight changes during the reproductive 
season, and food consumption and wast
a~e were measured over a 4-day period 
i~ May. :\dults were sacrificed each year 
in July. Liver samples (the tip of the right 
po~terior lobe} were saved for analysis 
from 3 randomly selected control males 
and females. Liver samples were saved 
from all females and 3 randomly selected 
males fed the treated diet. Samples of 
kidney, breast muscle, brain, ovary, and 
primary feathers also were analyzed from 
3 randomly selected females in the mer· 
curv treatment. All samples l.l.·ere frozen 
and anah-zed for total mercury using cold 
vapor at~mic absorption (Joint ~lercury 
Residues Panel 1961) at WARF Institute, 
Inc .• Madison, Wisconsin. The lower lim
it of detection was about 0.05 ppm mer
cury .. -\11 mercuJj' residues are reported 
on a wet-\veight basis. 
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Care of Eggs and Young 
Eggs were collected each day for sev-

eral weeks during the peak of the repro
ductive season. Each egg was recorded o 
as being sound. cracked, or shell-less, ' 
and u.·hether laid inside or outside the 
nestbox. Eggs l.l.·ere incubated at 2-week 
intervals. One egg was randomly select· 
ed from each hen during a designated 
2-week collection period. Control eggs 
were pooled for analysis, but eggs from 
hens fed mercury \l.·ere analyzed individ
uallv. Shell thickness measurements 
wer~ made at the equator of each egg; 
thickness index was calculated according 
to Ratcliffe (196i). Ducklings were held 
in brooders for 1 ''~-'eek. Water and un
treated feed were 3\"ailable at all times. 
In the 2nd and 3rd generations, duck-
lings were weighed shortly after hatching 
and again 1 week later. 

Controls and ducks fed mercury were 
compared for (1) percentage of eggs 
cracked or shell-less, (2) percentage of 
eggs laid outside the nestbox. (3) sound 
eggs laid per hen·day, (4) hatching suc-
cess, (S) duckling sur.,.ival, (6) ducklings 
produced per hen, (7) eggshell thickness, 
and (8) duckling weight and weight gain. 
Angular transformations were made on l~ 
all percentage data, except percentage ...J 
weight gain. For statistical comparisons 
in which data for more than 1 egg or 
duckling were collected per hen, I com
puted a mean value for each hen, hased 
on all the eggs laid b)- that hen or duck-
lings hatched from her eggs. 

Behavior Tests 
-~pproach responses of ducklings to 

maternal calls were measured shortly af
ter hatching. Each duckling ,,,.as random
ly assigned to a runway in a test appara· 
tus and its response~ to a tape-recorded 
call of a female mallard '''ere measured. 
Ducklings from parents fed mercury 
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Table 1. Re:s;due& af me<c:ury (PP'" "'et--igl'll. mean ., SEl in eg9s an<lliSSt.Jes of 3 genennion~ af M"lallard hens fl!d 
a diet containing C.S ~ mercury. 

Ppm -rewy in J:•n•nllon' 

Ti,oc• z J 

Egg 0.79: 0.041 0.86 = 0.098 O.S4 : 0.0:>5 
Liver 1.~: 0.160 o.89 ~ o.uz• 1.49: 0.141 
Kidney 1.82: 0.399 1.52 = 0.364 1.60: 0.240 
Bre~t muscle 0.~: 0.053 0.67: 0.062 O.S3: O.OiO 
B!'3in 0.50 = 0.057 0.44: 0.042 0.59 = 0.044 
O.·arv 0.65:0.100 0.51 = 0.132 0.58 = 0.095 
Prim~ feathers 11.17 : 0.555 9.03 = 0.396 9.0i: 1.268 

• Theft' "''~rt 9 s.mpl.-; ('( ts:l ctDd h,.,., in ;rnu::~Coa 1. •nd l..t in i"""W'nnon" 2 and ~ \amole Wze ""iiU J for all other ti).;a.un. fOf .Jl 
f:'-~raGonL 

• Oille~nl irom Ki'""anoftS 1 and 3 tl • 0.051. 

u·ere compared to controls for percentage 
of ducklings that approached the call and, 
for those ducklings that did approach, for 
time taken to approach. 

A voidance responses to a frightening 
stimulus were also measured by testing 
each duckling in a runway in a test ap
paratus. A revolving ule that produced 
noise and a fiashin~ pattern frightened 
the ducklings, and the distance each bird 
retreated from the stimulus wa.s mea
sured. 

The behavior of a randomly selected 
subsample of ducklings in an open field 
-.vas also measured in the 2nd and 3rd 
generations. A bird ·was placed in a 
sound-attenuated wooden box equipped 
u·ith photoelectric sensors, and the loco
motor activity of the bird, as expressed 
by the number of light-beam interrup
tions in 5 minutes, was measured. 

For approach, avoidance, and open
field tests I computed a mean for each 
hen, based on the measurements of b~ 
havior of all of her young t~sted. The 
number of ducklings per hen tested for 
open-field beha"ior varied from 4 to 9. 
For the approach and avoidance tests, the 
means for hens were based on a ...-ariable 
number of young; except for 1 hen that 
provided onh- 2 ducklings, the number 
ranged from 8 to 94. During the course of 

the 3 generations, a total of 3.160 duck
lings u·as te$ted, or an average of about 
42 per hen. Angular transformations u:ere 
made on percentage data. 

RESULTS AND DISCUSSION 
Mercury Residues 

Residues are reported as means :: 1 
standard error. Feed samples from the 
0.5-ppm mercury treatment contained 
0.53 : 0.006, 0.47 :!: 0.021, and 0.43 :: 
0.037 ppm mercury for the 1st, 2nd, and 
3rd generations, respectively. All sam
ples of control feed and eggs for 3 gen
erations contained less than 0.05 ppm 
mercury. One control male during the lst 
generation had 0.14 ppm mercury in its 
liver. ,-\11 other contTol samples of liver 
contained less than O.l ppm mercury. 

The onl:• significant difference among 
residues of mercury in the eggs and tis
sues of females fed 0.5 ppm mercury for 
3 generations was a lo"ver level of mer
cury in the li ... ·ers of females in th~ 2nd 
generation than in the 1st or 3rd (Table 
1); the reason for this difference is not 
known. There were no significant differ· 
ences from generation to generation in 
levels of mercury in the livers of males 
fed 0.5 ppm men.:ury; levels were 2.7.5 
: 0.281, 3.90 = 0.80-5. and 6.44 ~ 2.524 
ppm for the lst, 2nd, and 3rd gen-
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'!"31>1• 2. Food con:;umption anCI wastage (mean : SE) l>y mallards fed l'ttfler a Cliet a>ntainit'lg 0.5 pc:>m mercury or a 
control diet. · 

FOO>d nttll rex-.! wcted 

~""'boor ol 
\g,ks cl'boct)' ._i~to'>cl ; .c,'lt' ot" body wc1pr1 

~~·~: ~ c~nC'T11tioo ~n Conuol 

2 14 119 = 6.7 
J 14 137 = 4.7 

Combin~d 
(2 & 3) 28 128 = 4.4 

erations, respectively. The significantly 
lower levels of mercury in the livers of 
females than in those of males may have 
resulted from elimination of mercury 
through continuous egg laying. 

A pre-.·ious paper (Heinz 1976c) re
-.·iewed the levels of mercury found in 
the tissues and eggs of birds collected in 
the wild. More recently published liter· 
ature supports the conclusion that ducks 
and other birds collected from contami
nated areas in the wild sometimes con· 
tained more mercury than my experimen· 
tal mallards did. Baskett (1975) found 
isolated examples of mercury levels in 
the breast muscle of dabbling ducks that 
exceeded the levels in my mallards; div
ing and sea dud's generally had higher 
levels of mercury than did dabbling 
ducks. but usually the le-.·els were below 
0.5 ppm. Common mergansers (Mergus 
merganser), hooded mergansers (Lo-

)oicrcury Cooaol 

li4 ~ 7.li 6:: l.l 13 = .,).z 
139 = 9.8 15 = 1..3 17: 3.1 

156 = 6.& 11 :: 1.2 15 ~ 2.2 

phodytes cucullatus ), and common gol
deneyes (Bucephala cla"r:,<>-uUz) from Ball 
Lake, Ontario, Canada. had mercury 
levels in liver and breast muscle that gen
erally far exceeded the Ie .. ·els in my mal
lards (.'\nnett et al. 1975). Additional lit
erature (Drobney 1973, Hesse et al. 1975, 
Benson et al. 1976) confirms that fish-eat· 
ing birds from contaminated areas often 
contain mercury levels far in excess of 
levels in the mallards I fed 0.5 ppm mer· 
cury. 

Weight and Food Consumption 

There u:er~ no significant differences 
in weights or weight changes durinsz; the 
reproductive season be~·een controls 
and adults fed mercury. No adults died 
during the 3 generations and no birds a~ 
peared sick or ~·eak during the stuc 
During the 2nd generation, adults fed 0. 
ppm mercury ate significantly more feed 

Tat~le 3. Mean measurements ol reproduction 1or3 generations ol mallards led !MtPier a Cll-' containing 0.5 C)pm m~rcuty 
or a conti'QI Cliet. 

.,. ~101> laid ';~~ Sound.,: 
... ;..., .. ~.,., ... """"") l·~~e-k~&d 

c::.rroch.ocins lla1doliao duckh~ oueick · .-r:.:.a laid-he y" 
DO ~ftliftp ,,....; •• 1-.ek p«du 

Ce11~GaD· CODa.. I He Coneol H, Conaol He c. .. eol HJ c-ol He C,aaol He 

1 6.3 8..8 l.i 2.2 0.63 o.eo 64.9 69.3 99.S 99.3 ~ ... 30.1 
2 5.4 13.6• 2.1 3 .. 1 0.65 0.55 68.8 59.8 98.7 9i.S 50.9 36.J• 
3 2.3 6.8 l.S 3.5 0.76 0.62T 63.8 60.6 99.2 99.6 55.9 43.5 

Combined 
(1. 2. & 3) 4.3 g•• .. 1.8 3.3 0.69 0.~· 6.5.9 62.4 99.1 99.0 46.0 37.5• 

.,._,_ ·-104.........U fcmako•Ddt f .. m..le> f~ -R"UIY in,..,_.,,..,.,);'" J~Mm<>ll>l: and 3. lhft~ weno I~ fe.,W.., 111 "acb"'~IIIWftl • 
0 11le -US f«"'JC>Ut>d •a> laid/h,r,..day• and -l·•ftk-<>Jd dud.JiD'" prod.....r ..,_ anrhmecc -aftJ; ~~ cdl~t-lnS ....... r•ttvufo.rmo.d 

fr- "- ... p~. ...,..,;, ..... --
• Di!itr••• &am coatn>ls ( 1 • 0.05). 
r 0\&re~~r fr- 40IICI'OII (I' • 0.01). 
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Tat>te 4. Snell tl'lieM&U and lhiclr.neu in~x (mean ~ SE) of eggs laid tly mau.,re.s ted cill'ler a diet containing 0.5 opm 
rnerQJty or a c~rrol diort. 

E~U 11nc~HI 
thicbwu lam) l~:r· 

C'.etwnf\.Q~Q• Ccntn>l lo4~rt"'ry C..mol ~~RUI'"r 

0.3':'9: 0.011 0.376 = 0.012 2.13 :: 0.045 :u1 = o.073 
2 0.3SO ~ 0.005 · 0.364 ~ 0.010 ~21 = 0.031 2.11 = o.oss 
3 0..3&3: 0.005 0.367 :: 0.010" 2.29 :; 0.~28 2.10 :: 0.063• 

Combined 
(1, z. ~ 3} 0.3S5 = 0.004 0.368 = 0.006" 2 . .22 = 0.022 2.10 :: 0.035t 

•o ... ~orDiy ~~~ •G ... .,. ""'""~ fi'Ofn nch ai 10 ,..,.,=J io..W..t ~ 9 f~ f..d m..,NJ'Y 1n &~nc~Qon l; in ~n•not\on, 2 
•r.d 3. one e:u; -u n><aJ,.r..d fro, ead. oii.A female• U. each ~......,,., 

• TbicbwN 1Dda - Isbell -<'iP,t i"''/l'l.b..JII..,.,M I mal • shcU ,.·;dah (....,.)J. 
• DljfCftQf f:r.otn ~!o (1 r O.a5J. 
• P.~ &om ,.........,J, •.P • O.Oll. 

(grkg of body weight) than did controls 
(Heinz 1976b); however, there ·were no 
differences during the 3rd generation 
(Table 2}. Food consumption ofbirds fed 
mercury differed significantly from that 
of controls when the data for the 2nd and 
3rd generations were combined into a 
2-~·ay analysis of variance; there was also 
a highly significant treatment x genera
tion interaction. Because the results were 
inconsistent between gener.ations, they 
are difficult to interpret and should be 
looked at with caution. There 1.1:ere no 
significant differen<:·es in feed wasted. 

Reproduction 

~tethylmercury had no significant ef
fects on reproduction during the l~t gen
eration (Table 3). There were no signifi· 
cant differences in the incidence of 

cracked or shell-less eggs, hatching suc
cess, or duckling survival during any of 
the 3 generations. In each generation, 
hens fed mercury laid a g-reater percent
age of eggs outside their nestboxes than 
did controls; in the 2nd generation and 
the combined data for all generations, the 
differences ,,.·ere statistically significant. 
Tejning (1967) found that chickens fed 
4.4 ppm mercury as methylmercury also 
laid an above nonnal number of eggs out
side the nestbox. 

During all 3 generations. hens fed mer
<.:ury laid fewer sound eggs than did the 
controls, although the differences were 
statistically significant only in the 3rd 
generation and combined data for all gen
erations. During the 2nd gener.ation and 
for the combined data for all generations, 
hens in the mercury treatment produced 
significantly fewer ducklings than did the 

Table 5. W~flt and ;rowtll {rn.al'l : SE) of ducklings trom pareno fed eitt~er a diet oonrainong 0.5 ppm mercury or 
a control diet. 

HsiiCNDa .. -~ill·~· -P>roo in I-.-~< 

c. ........ - eo.. a..~ )>!....,..,. c..-..1 \ote~cu~ 

2 32::0.8 33:0.8 173:!: 4.3 ISS~ 6.1• 
3 3S:: 0.6 36:::0.7 159 = 5.4 !59: Z.9 

Combin•d 
(2 & 3) 3~ = 0.8 34 = 0.6 166 ~ 3.6 158 ~ 3.3 

' n .. ~ -1'<: I• kft< thor pro...;d..:t d\ld<linp '" •;,..-h JoMr,C">ft' m•ny dv<~ilnp &- OKft hoca wo~ -·cid\cd. 
• 0\6_.., n- ,...,.f:n>ls ,, = 0.0$). 
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Tat>le6. Mean beh..,.iot11l rnponSB\!0 at mallat'CI ducklings frO!'I'IIPie rn..-eury or ce>ntrol tremmeni!S: approach. avoidance. 
and open-field IU:S Cluring 3 g-rations. 

" duc-kltftp l..alt:BC"Y of !)j_,.. So. of pb<lto-
•pprood>ifll .__.-b fse<:oad$) ~led•• ce~~::c..r-calls' .... oid,a~ I em) 

Co.!on~ntiOft• Cona-ol He Co non>~ H, eo .... ol He eoa ..... r He 

1 96 95 44 31 26 29 
2 98 93 3.3 41 37 -H l7S 176 
3 98 93t 24 42t 32 37 186 181 

Combined 
(!.2.a:3) 97 94t 32 39 32 38• 182 179 

• TeD con<n>l 2nd 9 CNn:W';'~al.d f.,....)~• J:IIO"id..<! c!u<-i.linp tD l~k,..tioD l; ia ~....ncions 2 ond :>. ltl~re -.ere !4 females iD eadl 
O'~aa'IM:ft(. 

• Tbe _..,. for "% ducHi..,. •PP"*'hll\( ~~~·· ..-v n.<:nnsfo,.....d """' the &npW ....,.r.,.,...cioll ""''""' •II ~r R'IO&A$ ue U!Vlme'!ic ........... 
• DiB'•reat Dovlll coac.oi• (f • 0.05). 
• Diffftcat"""' ~Is il • O.Oli. 

controls. ~fethylmercury has been shown 
to impair reproduction in experimental 
studies with chickens (Tejning 196i) and 
ring-necked pheasants (Borg et al. 1969, 
Fimreite 1971). 

The shells of eggs laid by hens fed 
mercury were significantly thinner than 
the shells of those laid by eontrols during 
the 3rd generation and for the combined 
data of 3 generations (Table 4); eggshell 
thid:ness as measured by thickness index 
also indicated that shells were of poorer 
quality. ~fercury generally is not regard
ed as an eggshell thinning agent (see re
view by Heinz 1976c). Only a fe~· per· 
centage points of thinning appeared to be 
caused by methylmercury in my study. 
Additional study with large sample sizes 
is needed to examine the ability of di
etary concentrations of methylmercur~; to 
thin eggshells. 

There were no significant differences 
in hatching weight bet-.\·een ducklings 
from parents fed methylmercury and con
trol ducklings (Table !5). In the 2nd gen• 
eration. ducklings from parents fed mer· 
cury gained significantly less weight 
during the 1st week of life than controls 
did. However, there were no significant 
differences in weight gain during the 3rd 
generation. or for the combined data of 

). Wild!. Manage. 43(2):1979 

generations 2 and 3. The feeding of meth
ylmercury to domestic chicks has been 
shown to reduce their gro~·th (Fimreite 
1970. Gardiner et al. 1971. Sell and Hor
ani 1976). Because the results in my 2nd 
and 3rd generations were not consistent, 
I believe it is questionable whE:ther 
methylmercury fed to the parents causes 
reduced growth of mallard ducklings. 

Duckling Behavior 

A smaller percentage of ducklings in 
the mercury treatment than control duck
lings approached the tape-recorded ma
ternal call (Table 6); the difference in~. , 
3rd generation and the overall differet,J 
when data for the 3 generations were 
combined were highly significant. In the 
3rd generation. ducklings in the mercury 
treatment also had a longer approach 
time to the call; differences bern·een con
trols and ducklings in the mercury treat· 
ment were nearly significant (0.1 > P > 
0.05) when data for the 3 generations 
v.·ere combined. In avoidance behavior 
tests. ducklings from parents fed mercury 
ran greater distances than did controls in 
all generations. although results were not 
statistically siinificant until th~ o .. ·erall 
treatment effects were examined in the 
2-way analysis ofvariant.-e. Mallard duck-
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lings from parents fed 3 ppm ODE dif
fered significantly from controls in their 
approach to bpe-ret:orded maternal calls 
and in avoidan(.·e tests (Heinz 1976a ). 
The effects of ODE, however. were the 
reverse of those caused by methylmer
cury; ducklings in the DOE treatment 
were more responsive to maternal calls 
than were control ducklings, but less re
sponsive in avoidance tests. In another 
study (Heinz 19i5), ducklings from par· 
ents fed 0.5 or 3 ppm mercury responded 
differently than did control ducklings to 
tape-recorded maternal calls and ""·ere 
hyper-responsive in avoidance tests. 

In the present study, open-field activ
ity of ducklings from parents fed mercury 
was not significantly different from that 
of the controls. Because open-Be ld be· 
havior was not affected, it appears that 
the methylmercury had a specific effect 
on approach behavior to maternal calls 
and avoidance behavior, and not a gen
eralized effect on activity level or explor· 
atory behavior. ~ethylmercury has been 
shown in other studies to affect the be· 
havior of young birds. Detour learning in 
domestic chicks was impaired when egis 
were injected with 0.5 or 5.0 mgtkg meth
ylmercury dicyandiamide (Rosenthal and 
Sparber 1972, Hughes et al. 1976); the 
injection of 0.5 mglkg 'vas less than the 
concentration of mercury in my mallard 
eggs. Evans et al. (1975) reported abnor
mal conditioned behavior of pigeons re· 
cehring 20 mglkg mercury in the form of 
methylmercury. 

CONCLUSIONS 

The dietary concentration of 0.5 ppm 
mercury, in the form of methylmercury, 
decreased reproductive success of game
fann malJard ducks and altered the be· 
havior of their young. The tissues and 
eggs of ducks and other spedes of birds 
collected in the wild have sometimes 

contained levels of mercury equal to or 
far exceeding the level I found to be as
sociated with reproductive and behavior
al aberrations. Therefore. it is possible 
that reproduction and beha ..... ior of wild 
birds has been affected by methylmer
cuJ)' contamination. Although all st."'itis
tically significant differences between 
the mercury treatment and controls oc
cuned in the 2nd and 3rd generations, 
there ""·as no conclusive evidence that 
the effects of methylmercury became 
progressi'-·ely more severe through the 3 
generations. 
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