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Consequences For Captive Zebra Finches of Consuming Tall Fescue Seeds
Infected With the Endophytic Fungus Acremonium coenophialum
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Tall fescue (Festuca arundinacea) plants can be in-
fected with the endophytic fungus Acremonium coen-
ophialum. This fungus, which grows subcutaneously
in leaves, stems, and seeds, does not undergo sexual
reproduction or sporulate, and cannot survive outside
the plant (Clay 1988). The fungus is passed from one
generation to the next through infected seed. A mu-
tualistic relationship exists between the grass and the
fungus. The fungal endophytes produce ergopeptine
alkaloids, notably ergovaline (Thompson and Stue-
demann 1993), which makes the grass less palatable
and more toxic to insect herbivores (Latch et al. 1985,
Johnson et al. 1985) and nematodes (Kimmons et al.
1990). Because infected grasses are hardy (Arachev-
aleta et al. 1989) and resistant to insects, one infected
cultivar (Kentucky 31) was widely planted before its
infection was discovered. Hence, most of the plants
grown on 14 million hectares of tall fescue pastures
in the United States are infected (Shelby and Dalrym-
ple 1987, Stuedemann and Hoveland 1988).

Consumption of large amounts of fungus-infected
tall fescue (hereafter called infected fescue) can have
a deleterious effect on livestock. Cattle grazing in-
fected fescue, especially in hot weather, have exhib-
ited lower food intake, lower daily mass gains, higher
rectal temperatures, and a decrease in reproductive
rates (Hoveland et al. 1983, Aldrich 1993, Schmidt
and Osborn 1993). These problems, however, can
largely be avoided by proper management, allowing
infected tall fescue cultivars to still be recommended
for pastures (Bouton et al. 1993).

Consumption of infected fescue can reduce the re-
productive potential of laboratory rats (Rattus norv-
egicus; Zavos et al. 1986, Varney et al. 1987, 1988) and
laboratory mice (Mus musculus; Zavos et al. 1987, 1988a,
b, 1990, Godfrey et al. 1994). Reproductive rates de-
creased owing to reduced male fertility and because
of delayed estruses, increased abortion rates, and poor
lactation in females.

Whether avian seed predators that ingest infected

fescue seeds suffer any ill effects is unclear. Zavos et
al. (1993) reported a 10% reduction in fertility of Jap-
anese Quail (Coturnix japonica) fed a diet of 45% in-
fected fescue seed. It also is unknown whether birds
find infected fescue seeds less palatable than unin-
fected ones, or whether they can discriminate be-
tween the two. In this study, we compared mass
gains, reproductive rates, and mortality rates of Zebra
Finches (Taeniopygia guttata) fed infected fescue ad
libitum to those for conspecifics provided similar as-
sess to uninfected fescue seed. Further, we tested
whether these birds can discriminate between in-
fected and uninfected seed.

Methods.—Experiments were conducted in 1992 and
1993 and lasted 18 months. Subjects were 20 pairs of
Zebra Finches housed in Utah State University’s Lab-
oratory Animal Research Facility. Ambient tempera-
tures were maintained between 21° and 23°C. Finch
pairs were housed individually in 0.5 x 0.5 x 0.65
m cages that contained several perches and a straw
basket that served as a nest. Each cage contained a
water bowl and two feeding cups located 0.4 m apart.
At the initiation of these experiments, a male and
female finch were randomly paired together. If one
died during the experimental period, it was replaced
with an adult of the same sex.

Each finch pair was randomly assigned to either of
two groups: (1) one received ad libitum tall fescue seed
(K-31 cultivar) infected with A. coenophialum (here-
after called fungus finches); and (2) the other group
received an ad libitum supply of uninfected fescue seed
of the same cultivar (control finches). Approximately
once every 10 days fungus finches were given for 48
h an ad libitum supply of sprouted infected fescue seed;
control finches received similar access to sprouted
uninfected seed. To supplement this diet, finches had
access to Vita Finch Feed for 6 h each day. They also
were allowed free access to water, calcium, and nest-
ing material.

Each finch was weighed when the experiment be-
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TABLE 1.
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Reproductive rates (¥ + SE) of Zebra Finches (n = 10 pairs) fed a diet containing fescue seeds

infected with Acremonium coenophialum (fungus finches) or finches (n = 10 pairs) fed a diet with uninfected

fescue seeds (control finches).

Fungus finches Control finches ta
Mean egg mass 8.1+ 03 87 £ 0.2 1.33
Eggs-pair~!'-year? 215 + 3.8 227 + 22 0.27
Chicks-pair—!-year—! 45+ 12 47 + 11 0.12
Fledglings- pair—!-year—! 34+12 21 =07 0.92

*All P > 0.05.

gan and every four months thereafter. Every six
months, body temperature of the finches was taken
using a rectal probe. Numbers of eggs and chicks in
each nest were checked weekly. We considered a chick
fledged when it was three weeks old.

Mass and body temperatures of fungus finches were
compared to those of control finches using repeated-
measures ANOVAs (Myers 1972, Hintze 1990) to test
for statistically significant differences (P < 0.05). Males
and females were analyzed separately unless other-
wise noted. If the consumption of infected fungus
does not increase finch mortality rates, fatalities should
be evenly distributed between control and fungus
finch groups. We tested our data against this null
hypothesis using the Fisher exact probability test.

Egg size of fungus and control finches were com-
pared by collecting a sample of 125 eggs within 48 h
of laying and weighing them. The mean mass of each
female’s eggs was then determined, and this value
for fungus females was compared to that of control
females, using a one-way ANOVA.

To assess whether finches preferred uninfected to
infected seed, we conducted a one-choice feeding test
every four months. During this test, the finches were
allowed simultaneous access to infected and unin-
fected seed for at least an 8-h period. For this test,
one of the two feeding cups in each cage was ran-
domly selected and infected seed of known mass was
placed in it; uninfected seed was placed in the other.
At the end of the period, the seed was reweighed and
consumption was defined as the loss in seed mass
after any spillage was replaced.

Four times a year, a no-choice feeding test was con-
ducted by recording the amount of fescue seed each
fungus bird and control bird consumed during a four-
to seven-day period during which their normal rou-
tine was maintained. We calculated the mean amount
of fescue seed consumed per day for each bird and
compared the consumption rates of fungus and con-
trol birds using an unpaired #-test.

At the completion of the experiments described
above, ambient temperatures were raised over a pe-
riod of six weeks to 31°-34°C and then maintained for
four months. During this period, nests were checked
weekly for eggs, chicks, and fledglings. Data on mass
and body temperatures were collected in the same
manner described above. A one-choice test was con-

ducted (but not a no-choice test). Results from this
period were analyzed separately from those collected
in the earlier period.

Results.——During the 18-month period, when am-
bient temperatures were 21°-23°C, one control finch
and four fungus finches died. This difference in mor-
tality rates was not statistically significant (P = 0.5).

Mean mass of fungus males (12.9 g) and control
males (12.9 g) did not differ significantly (F = 0.02,
df = 1 and 18, P = 0.90) during the course of these
feeding trials. Not surprisingly, there was a signifi-
cant season effect (F = 4.99, df = 5 and 90, P < 0.001)
given that males gained mass during the first eight
months and maintained it thereafter. Likewise, the
mean mass of fungus females (13.6 g) was identical
to that of control females (13.6 g) during the course
of this experiment; again, there was a seasonal effect
(F = 8.13, df = 5 and 90, P < 0.001) in that females
also gained weight during the first eight months.

Body temperature of males (¥ = 41.8° + SE of 1.4°C)
and females (¥ = 41.8° = 1.4°C) did not differ (F =
0.14, df = 1 and 18, P = 0.71). Consequently, tem-
perature data for both sexes were analyzed together.
Body temperatures of fungus finches (¥ = 41.7° =
1.5°C) and control finches (X = 41.8° + 1.4°C) were
not significantly different (F = 0.29, df = 1 and 38, P
= 0.60). Moreover, egg mass of fungus finches was
similar to control birds (Table 1). Egg, chick, and
fledgling production rates were similar between the
two groups (Table 1).

Initially, both fungus and control finches exhibited
a preference for infected seed when given a choice
of fungus infected and uninfected seed (Table 2). Af-
ter being on a fescue diet for four months, however,
both control and fungus finches exhibited a prefer-
ence for uninfected seeds, a preference that persisted
for the entire experiment. Likewise in the no-choice
tests, fungus finches given access to infected seed
consumed less of it than control finches given un-
infected seed (Table 3).

After the temperature was raised to 31°-34°C, 13
fungus finches died (7 males and 6 females), as did 1
control finch (a female). This difference between mor-
tality rates of fungus finches and control finches was
statistically significant (P = 0.016). The mean body
temperature of fungus finches (42.3°C) did not differ
from that of control finches (42.2°C). Body mass was
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TABLE 2. Results of one-choice feed trials in which
Zebra Finches (n = 20 pairs) given access to two
feeding trays: (1) one containing tall fescue seeds
infected with Acremonium coenophialum and (2) the
other with tall fescue seeds that were fungus-free.

Grams consumed/day (x + SE)

Month
from Infected Uninfected
start seed seed t
0 1.38 £ 0.27 0.67 £ 0.14  2.41*
4 1.00 = 0.12 197 =+ 0.30  2.65*
8 0.86 + 0.27 1.93 + 0.31 3.63**
12 0.50 £ 0.10 1.59 £ 0.30  3.44**
16 0.79 = 0.10 1.00 = 0.13 1.28
20 0.47 £ 0.07 0.85 + 0.16 2.09*

*, P <0.05; **, P < 0.01.

similar for fungus finches (females = 14.0 g, males =
13.0 g) and control finches (females = 13.7 g, males
= 13.0 g). Reproductive data during the high-tem-
perature period were not analyzed because they were
confounded by the high mortality among fungus
finches.

Discussion.—In our experiments, the reproductive
performance of Zebra Finches was not affected by
their consumption of fescue seed infected with Acre-
monium coenophialum when ambient temperatures were
21°-23°C. This contrasts with findings of Zavos et al.
(1993), who reported that Japanese Quail suffered a
10% decrease in reproductive performance after eat-
ing infected fescue seed. We also found that consum-
ing infected seeds did not affect the ability of Zebra
Finches to increase or maintain body mass. Similar
findings have been reported by Madej and Clay (1991).

When ambient temperatures were 21°~23°C, con-
sumption of infected fescue seeds had little impact
on Zebra Finches, but at higher ambient tempera-
tures, it caused an increase in bird mortality. Like-
wise, many of the adverse symptoms livestock ex-
perience from grazing infected fescue are tempera-
ture dependent and only occur in hot weather. Such
occurs because alkaloids produced by the fungus, es-
pecially ergovaline, inhibit the ability of livestock to
lose excess heat (Aldrich et al. 1993, Schmidt and
Osborn 1993). The same may be true in avian species.
In our experiments, Zebra Finches that consumed in-
fected grass exhibited a slight, but nonsignificant, in-
crease in body temperature over the control group.

Upon first exposure to fescue, Zebra Finches pre-
ferred consuming infected over uninfected fescue
seed, but this preference reversed after the birds had
consumed fescue for four months. Furthermore in no-
choice tests, finches given infected seed consumed
less than those given uninfected seed. Likewise, birds
captured in fields containing infected fescue (we as-
sume that these birds had foraged on tall fescue seeds
in the past) exhibited a preference for uninfected tall
fescue seeds over infected ones (Madej and Clay 1991).
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TasLE 3. Results of no-choice feed trials in which
Zebra Finches (n = 10 pairs) on diet of fescue seeds
infected with Acremonium coenophialum were given
access to infected seeds ad libitum, while other finch-
es (n = 10 pairs) on diet of uninfected seed were
given similar access to uninfected seeds.

Grams consumed/day (X £ SE)

Month
from Infected Uninfected
start seed seed t
0 1.57 + 0.10 1.66 £ 0.11 0.52
3 0.30 + 0.14 0.78 £ 0.14  3.23**
6 0.55 + 0.07 147 £ 037  247*
12 0.37 = 0.10 1.25 £ 0.10  4.08**

*, P <0.05* P =001

While alkaloids often have a bitter taste, the experi-
mental birds’ initial preference for infected seed and
their delay in developing an aversion to it indicates
that this aversion may be based on postingestion feed-
back. Creation of such an aversion should help protect
avian species from the adverse impacts of infected
fescue. It also suggests that birds will be most vul-
nerable either before they have developed an aver-
sion or in situations where alternate foraging oppor-
tunities are limited.
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