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Prevention of Population Cycles

by Parasite Removal
Peter . Hudson,* Andy P. Dobson, Dave Newbomn

The regular cyclic fluctuations in vertebrate numbers have intrigued scientists
for movre than 70 years, and yet the cause of such cycles has not been clearly
demonstrated. Red grouse populations in Britain exhibit cyclic fluctuations in
abundance, with periodic crashes. The hypothesis that these fluctuations are
caused by the impact of a nemato8e parasite on host fecundity was tested by
experimentally reducing parasite burdens in grouse. Treatment of the grouse
population prevented population crashes, demonstrating that parasites were

the cause of the cydic fluctuations.
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Maficonatical mooiis have shown that 3 deasi

ty-dependent response acting with a time delay
can geacrale population cycles between natural
enemues and their prey (/). Indeed, tropiic in-
teractions rather than intrinsic mechanisms are
now comsidered by many to be the principal
cause of cycles in microtine rodents (2), snow-
shoe hares (3). and red grouse (4). The defini-
tive test of these hypotheses is to stop popula-
tion cvcles by manipulating the causative
mechanism. Here, we report on a long-term,
large-scale, replicated field experiment that
examined the capacity of parasites to cause
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cyc‘a. The u‘npact of the pammlc nematode ?
Trichostrongylus tenuis on individual red '
grousé (Lagopus lagopus scoticus) was re-
duced thwough the application of an anthel-
mintic before a cyclic population crash in
northern England.

Extensive investigations of hunting records
from 175 individually managed grouse popula-
tions, coupled with detailed intensive demo-
graphic studies, have shown that 77% of red
grouse populations exhibit significant cyclic
fluctuations with a period between 4 and 3
years (Fig. 1A) (4). Population growth rate 1s
negatively related to the intensity of worm in-
fection in adult grouse (Fig. 1B), and poor
breeding production is correlated with worm
intensity (Fig. 1C), so that population crashes
are associated with high parasite intensities.
Analyses of parasite-host models predict that
parasitic helmunths can cause population cvcles
when they induce a reduction 1n host fecundity
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that 1= larpe n relaton to the mmpact of the
_parasite on host survival (3). and experimental
iMﬁ have demonstrated that poor breeding 1n
'*ﬁmle grouse 1s caused bv the nematode 7ri-
’I'dusm;-ngfius tenuis (6). Extensive demo-
graphic studies have shown a clear relation
between bag records and count data (4). al-

Number counted km-2

¥ ]
= 154 .
Er B ]

»
3]

©
{::.'l
"

Breeding mortality
o
£
r.'.
Ld ]

=3
8-..—-.
1

1000 10000
Parasite intensity in adult grouse

g. 1. (left) Population dynamics of red grouse
s illustrated from the detailed studies on one
ion in northem England. (A) Numbers of

!ed grouse shot (solid tine} and numbers counted
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though hunters tend to stop shootng when au-
tumn densities are <30 birds km™? (Fig. 1A).
Bag records are not influenced by any hunting
restricions. and in this system they provide a
reasonable index of abundance and a very good
qualitative description of the observed periodic
crashes.
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“per square kilometer (dashed line) before harvesting, (B} Plot of annuat population growth rate |r, = (In
N,_; — InN,)] against mean log worm intensity in breeding adult grouse (r = —0.676; 95% bootstrap

cnnﬁdence limits 0.901 to 0.216). (C) Plot of breeding mortality [log maximum clutch size (12) — log
mean brood size at 6 weeks! against mean log worm intensity {r = 0.641; 95% bootstrap confidence

. fmits 0.287 to 0.816).

Fig. 2. (right) Population changes of red grouse, as represented through bag
in (A) the two control sites, (B) the two populations with a single treatment each, and (C) the

populations with two treatments each. Astcmks represent the years of treatment when worm

Jl discussed elsewhere (4-6). NA, not applicable.

in adult grouse were reduc:ed =ELL

1. Population parameters for T. Wredmmdmvaﬁmofm;:mmrmﬁ

Parameter Symbol Estimated value Range
Grouse fecundity (year™ ') a 1.8 0-2
Grouse mortality {year™") b 1.05 NA
Parasite fecundity (year™7) A 11 9.2-11.5
_Adutt worm mortality (year ") T 1.0 0.8-1.2
;Eaﬁty of free-living stages Y 6.5-13 NA
& (year™)
" ite pathogenicity (worm™’ G 3> 1074 NA
year )
Parasite reduction in host fecundity & S0 ¢ NA
fworm ™~ year™ ]
Aggregation of parasites in host k 1.0 0.5-1.8
Density-dependent reductior in A C.00e NA
grouse fecundity and survival
Increase in worm mortality in c 52 {life expectancy, 1 week] NA
treated birds
Transmission rate {larvae ~ host” B 0.1 0.06-0.15
ar )
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Long-term data from six independently
managed grouse moors were used to predict
cyclic crashes in grouse numbers in 1989 and
again i 1993. In 1989, we worked with
keepers and caught and orallv treated grouse
with the anthelmintic Levamisole hydrochlo-
ride in four of these six populations. In 1993,
this was repeated on two of the populations.
providing data from a total of six popula-
tions—two that had been treated to stop two
population crashes. two that had been treated
10 stop one population crash. and two untreat-
ed control populations. Duning each treat-
ment vear, grouse were caught at night in
early spnng when most of the birds had
formed mating pairs. Birds were dazzled with
a strong quartz-halogen lamp while roosting,
caught m a net, and treated with Levamisole
hydrochloride. Each bird was marked with a
reflective tag that could be seen on subse-
quent catching nights. It was possible for a
team of two people to catch and treat more
than 100 birds in a single night. Radio tag-
ging and subsequent monitoring showed that
tagged and treated birds remained on their
territories and had improved breeding. Birds
were caught at random from accessible parts
of the grouse habitat. Females were caught in
preference to males to ensure the greatest im-
pact of parasite removal on breeding produc-
tion. Catching and treatment continued from
when the snow melted to when females began
laving eggs. Overall. between 1000 and 3000
grouse were caught and treated from each pop-
ulaton. Depending on the size of each grouse
populabon. our esimates showed that we treat-
ed between |5 and 50% of the adult breeding
population. A sample of treated birds was shot
from each population. and the intensibes of
worm mfectior. were compared with those of
untreated birds to confirm that weatment re-
duced the worm burdens. The numbers of har-
vested grouse were recorded dunng the subse-
quent hunting season.

In each of the six treatments, the applica-
tion of Levamisole hydrochloride reduced the
tendency of the population to exhibit cyclic
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Fig. 3. The influence of treatment on the cy-
cling of grouse populations. Changes in the
number of grouse are shown in relation to the
proportion of grouse treated. No treatment,
dashed line; 5%, dotted line; 10%, thick solid
line; and 20%. thin solid line.
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population <rashes ( 7). Reducing the parasitz
burdens reduced the vanance in the popuia-
non growth rate and produced an apparen:
reduction in the decline ot the treated popu-
lations iFig. 25 This expenment tilusmsztes
that parasitic nematodes were necessars To:
the cvelic dechines in abundance that wers
voserved n grouse populatons. in both pep-
aiations that were treated rwice i Fig. 2C i andé
n one of the populations that was weated
once (Fig. 2B). the effect of the treatment was
apparent in comparison with the controls.
although the results are less clear in the re-
maining popuidtion. which was treated :us:
once. We suspect this was because the keeper
treated a relatively low proportion of the
grouse population (~15%). Even with these
results, the findings were still significant and
demonstrate that parasites played a key role
in causing population cycles.

To determune the effectiveness of the treat-
ment, we calculated the proportion of the pop-
ulation that should be treated in order 1o prevem
a population crash. We addressed this problem
with a modified form of the general macropara-
site model {35 that incorporates the experimen-
ial procedures of direct oral reatment {8) { Table
1). Individuais in the model were classified as
cither unweated (with natural levels of infec-
tion) or treated (with no parasites). Treatment of
a proportion (p) of the population was triggered
in the model whenever the growth rate of the
parasite population increased (becomes posr
tive). The worms wm the treated grouse suffered
an increased mortality rate, so therr life expect-
ancy was <<l week, whereas the remaming
untreated birds (1 — p) continued to release
infective stages into the environment, which
infected both treated and untreated hosts. Nu-
merical solutions of the model’'s dynamics
showed that treatment of >20% of the hosts
was sufficient to prevent the cyclic crashes n
host density (Fig. 3) and provided a good ex-
planation for all the results of the experiment.

The resuits from this study show that pop-
ulation cycles in red grouse are the resuit of a
single trophic interaction between a parasite
and its host. Combined with the modified
macroparasite model, these results show that
parasites were both sufficient and necessarv
in causing cycles in these populations. They
also show that intrinsic mechanisms do not
need to be evoked as a cause of cvclic tluc-
tuations In grouse abundance (9). Previous
studies have undertaken detailed experiments
at a lower spaual scale. For example, a fac-
tonal manipulation of the food and predators
of snowshoe hares on 1-km-" plots indicated
that at least three trophic levels of interaction
are mvolved in producing cvcles (3). Never-
theless. to the best of our knowledee. this s
the tirst time that manipulations of a mecha-
nism in a cvchic species have demonstrated
the cause of population cycles on a largs
scaie.
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{H-} untreated hosts 'H_j, the adult parasite popu-
lation in these twa classes of host (P, and 2, respec-
tively), the free-living stages of the parasite (eggs ang
larvae} (W), and the chicks produced by the hosts [C.
The >arameter values and definitions are given in
Table

dH .at = {1 =piHC
- b - Aid = HAH, - P, uk
3Ciat = a{H, ~ H-; —3{P, - P) - {b -8IC (2
IP-{dt = JH-W — {[if{dP/dt) =0 p.c.uf = & = i

Pik +1 5
@ H_r k L
PLk +1
dP /dt =BH W — (- b - a)P, — o ——— 4]
Hy, &
IW/dt = AP, = P-) - v - B(H, - Hjlw IS

JH:/dt = pBC — [b — A(H, ~ H{)JH: — Py 16}

R. Moss and A. ‘Watson, fbis 133 (suppl), 113 (7997}

We thank the keepers and estates for their assist-

ance; 0. Tompkins, K Wilson, and T. S8enton for

providing helpful cormments on the manuscript; andi
D. Potts for his support throughout our studies on
grouse.

13 August 1998; accepted 3 Novemnber 1998

YOL 282 SCIENCE www.sciencemag.org



