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310 M. Delibes

In this paper information is given on the composition of the food of
lynxes and its seasonal fluctuations, discussing the main factors which
influence the diet and the pressure of the predator on prey populations.
This should allow some progress in getting to know the role of this
endangered species in the Iberian Mediterranean biocoenoses.

2. STUDY AREA

The study was carried out in the Biological Reserve of Dofiana, property of
the Spanish National Councii for Scientific Research {C.S.1.C)), This Reserve in
cludes 68 km* inside the limits of the DoRana National Park, situated on the
right bank of the mouth of the River Guadalquivir (approximately 37° N, 6° 30'W).
The altitude above sea level varies from between 0 m to 32 m. The »marismas«
which are usually flooded from October—November tg May—June, cover
approximately 8% of the area. The maquis, a dense thicket of Halimium spp.,
Erica spp., Juniperus phoeniceq Linneaéus, 1753, Arbufus unedo Linnaeus, 1753,
etc., with some rather scattered cork-cak trees {(Quercus suber Linnaeus, 1753)
and pines (Pinus rinea Linnaeus, 1753) a few permanent lakes and numerous
temporary pools, cover approximately 60% of the area. Dense plantations of
pines cover 26% and the remaining 6% is sand dunes with sparse vegetation.
A more detailed description of the area is to be found in Allier et al. (1974).
The lynxes and their prey usually inhabit the maquis, especially the ecotones
maquis-marismas and maquis-lagoons where there are abundant pastures.

The- climate of the region is mediterranean with a slight atlantic influence.
The summers are warm and dry and the winters mild and wet. The average
annual rainfall is about 500 mm, 87/s of which falls belween October and April.
During the study peried, severe autumnal droughis delayed the appearance of
the herb layer affecting mnwwc:m._% herbivores populations. '

3. MATERIAL AND METHODS
3.1. Material

The diet was assessed by the analysis of faeces. ¥From February 1872 to
February 1874 and from Oectober 1975 te October 1876, -about 2,000 droppings were
collected in the study area. More than 400 were rejected as there was some
doubt as to whether they were of the Ivnx ar seme other rarnjvere cneeiec
Consequenily, I workea wiin 1,087 lynx i1aeces, The resulls obtained month by
month throughout the two years do not differ stalistically and therefore both
Years have been combined, The smallest sample corresponds to December 97
droppings) and the largest to March (221 droppings). The study of animals killed
or devoured by free-living and captive Iynxes has supplied the information about
the consumption of preys.

3.2. Method of Analysis of Faeces

The individual excrements were disscciated in water to separaté their compo-
nents (hair, feathers, bones, ete) which were identified as closely as possible to
the species level by using a reference collection.

Usually, the results of the analysis of faeces are shown simply as the frequency

NE—
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of occurrence of particular constituents, a method which at times secems to be
the most praciical and suilable (Erlinge, 1968; Kruuk, 1872). Often, however,
this procedure offers only an approximale idea of the diet of the predator,
particularly if the preys are of varied size or nature (Mech, 1970). Because of
this, it has been tried for some time to retate dropping content to prey consumed
{Scott, 1941), usually locking for the ratio of consumed food weight to remnants
weight in faeces (Lockie, 1859, Goszezynski, 1974). Due to some practical
difficulties and mainly because various f{aeces had been partially consumed by
dung beetles, whose differential action on the constituents of these is unknown,
we have therefore used a somewhat different method, in some respects similar
to Lhat recenily devised for the study of the wolf (Canis lupus Linnaes, 1758) by
Floyd et al. (1978). This methods consists in relating the number of occurrences
of each type of prey in the faeces wiih the actual number of individuals and
the biomass consumed from this type of prey.

3.3. Food Tests

The experiments were carried -out with an apparently adult female lynx
weighing about 8 kg. She was kept in a cage of 3X2X2Z m with an attached hut
of 1X05X05 m. For 68 consecutive days, this animal was fed (only 6 days
a4 week) with natural prey. The proportions of the various prey types used were
approximately similar to those which, according to preliminary studies, might
occur in the diet of lynxes in the wild. The prey was weighed and offered
dead to the lynx at nightfall, usually only once a day. The following morning,
the uneaten remains were collected and weighted. The excrements produeed were
collected individually twice a day. The rabbits Oryctolagus cuniculus {(Linnaeus,

Table 1
Resulls of the food test carried out with a captive lynx for 68 consecutive days.

No, of Avg.
Avg, .
N Biomass biomass  ° H.o.mﬂohwnm. Amn.pmﬂwmm-
Prey species nﬂnmciu consumed in drop- rences
ed, B w%%.n pings  indiv-
. idual
Rahhit (Oricfalorig paiminatag -2 6 LT s e . on
rawn (Lervus ewpnus) 1 1250 1250 4 4
Small rodents 2 ki approx. 40 3 1.5
Norwegian rat (Rattus norvegicus) 1 130 130 2 2
Mallard (Anes platyrhynchos) 4 2008 approx. 500 15 3.75
FPatridge (Alectoris rufa) 1 360 360 2 2
Magpie (Pica pica) 1 130 130 2 2

1758) used in the experiment were collected at random in the study area .and
their weight varied between 300—1400 g, averaging 807129 g (n=52). It is assumed
that the size distribution of the rabbits consumed by free-living iynxes is similar.
The fawn carcass was kept in the cage for only 24 hours, as there is no known
cases of the Spanish lynx eating twice from the same prey (Valverde, 1957;
Delibes, 1977; Palma, 1977). This criterion could be a probable source of errqr,
as we shall discuss later on (see 4.4.). .

The resulis of the fests are shown in Table 1 where we alse show the indices
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314 M. Delibes

three periods: spring (from March to June inclusive), summer (from
July to October) and autumn-winter (from November to February)
(Table 3). The frequencies of occurrence of the various kinds of prey
in the three periods considered have been compared by means of the
chi-square test (Table 4). The most striking seasonal changes occur in
the consumption of rabbits, ungulates and ducks.

4.2.1. Rabbits
There is a strong negative correlation between the relative frequency
of rabbits in the diet each month, and the corresponding trophic
diversity (Delibes, 1877). This suggests that rabbits are the favourite
prey, probably more ducks and ungulates being consumed when the
availability of rabbits diminishes. B rand et al. (1976) find this type

Ciher prey
hisil Anolidoe
Cervidye

Months
WOV ¥ vVl VI 1Xx X xi

60

Biamass

e ryclola

20

Fig. 1. ﬂ.:o.moon of the lynx along the year, expressed as perceniages on the
estimated biomass consumed every month. M = Annual average.

ﬂ.& functional responses to changes in the abundance of favourite prey
in Lynx canadensis Kerr, 1792, and Beasom & Moore (1977) in
.hmaa rufus (Gilldenstaedt, 1776). .

Huiiu.n! L - .
R B S T L L Lo e G TR T SOP: Lo L

the area was from January to July (Delibes & Calderd n, 1979).
This produced a peak in the number of this species in May-June a very
marked decline in summer (caused by scarcity of food due to the summer
drought, by mixomatosis and probably by predation) and a minimum
in December-January. The density in May-June can be three or more
times higher than in October. As rabbits are more consumed from
July to October this means that the seasonal variations of the consump-
tion of rabbits do not agree with the corresponding variations in the
lensity of this prey. This could be attributed to two things:

a) an increase in the availability of rabbits in summer {(irrespective
{ their abundance) motivated by the vulnerability of the young and
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above all, of those suffering from mixomatosis, as this disease affects
rabbits in Spain almost exclusively in summer.

b) a case of »switching« — a phenomenon defined as »a flexible
search image« or »the ability of a general predator to become a condi-
tioned to its more abundant prey species, so that the number of attacks
on it are disproportionately greater than would be expected by chance
encounters« (Cornell, 1976). In our case, the conditioning would occur

Table 3
Seasonal variations in the food, expressed as the frequency of occurrence of
every type of prey (P.0.), the percent on the eslimated number of capiured prey
(P.P.} and the percent on the estimated consumed biomass (P.B.). The annual
average has been computed with the percenfages of every month. -

March—June, July—Oct., Nov.—Febr,, Annual avg.,
n=562 n#=458 n=§17 T T TnE#1537
PO. PP. PB. PO, PP. PB. PO. PP. PR PO PP. P.B.
’ Rabbits
87.4 754 84.1 95.6 81.5 929 830 . 74.2-. T68.7. B88.5.-..79.2 . 847 .
Ungulates - v

Other Mammals 3
3.0 5.1 1.1 2.2 2.5 06 . 50 _ 6.0 09 33 4.1 0.8
Ducks
2.9 137 109 9.8 5.4 4.1 13.5 7.2 6.3 174 8.9 7.1
Other Birds
5.3 4.9 1.7 4.1 4.2 1.7 g4 - 63 2.3 3.3 5.2 2.0
Total . .
1259 1001 999 1124 1000 100.0 1207 100.0 1600 119.8 100.0 100.0

23 10 21 07 04 . 07 128 63 138 53 26 54

in gmu?.wﬁ,ﬁm when the density of rabbits is greater, and its effects last
throughout the summer, including October.

From October, the number of rabbits in the field is low and almost
all the individuals are adults and healthy. Only then must the lynx
look for alternative prey; the most important of which in autumn-
winter are the ungulates. -

4.2.2. Ungulates

In the study area we found 13 carcasses of deer killed by lynxes.
Of these, 10 were of fawns (6 fallow deer and 4 red deer) and only three
of adults (all fallow deer: two females and one 3 years-old male with
symptoms of disease). This proportion (77% fawns over the total
cervids) can be assumed, but it probably gives less value fo the part
played by ‘infants which are captured in an even higher proportion.
The calving season of red deer and fallow deer in Dofana lasts from
the end of April to the middle of June and therefore does not coincide
with the maximum consumption of fawrns-which occurs in autumn-
winter. This could be partly due to the greater availability of rabbits
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but (b) and (c) certainly oc€ur in occasions. Thus, the figures in Table
5 must be valid approximations to the annual consumption per individual
lynx with regard to rabbits, other mammals, ducks and other birds. In
the case of ungulates, however, the estimation is an extreme value,
perhaps several times greater than the actual figure.

4.5. Effeet of Lynxes on Prey Populations

There is no reliable information of the numbers and dynamics of the
lynx population and its prey, so the following results are very speculative
and are only a basic approach to the problem.

4.5.1, The Number of Lynxes

-

From direct observations and sand prints ﬁ._mum is evidence that in
1973 there were 4 female lynxes with kittens in the.study area {perhaps
5), although two of these parily occupied peripheral areas, In other
years the number of reproductive females was less (in 1976 only one
was seen, but my searching effort was Hmma For the nm_oﬁmﬂosm I have
arbitrarily taken 10 as the average number of lynxes living in the study
area. This. is probably a low estimation.

4.5.2. Impact on Rabbits

The number of rabbits in the mamm mum not well x:o.&: " Transect
counts by Ro mmwm (1974) in different Eoﬁowmm and seasons in 1973
»should be regarded — according to the author — as indices rather
than estimates of absolute womﬁmﬁos densities«, The same kind of
direct counts have been made by Soriguer (pers. com.) in the
autumn of 1976. The indices are expressed however as individuals per
km* which allows us to generalize -them over the whole area. The
average resulting standing crop in- Seplemver—QOcioper 1s between
2,000 and 3,000 individuals.” =~

Supposing that the monthly changes in the numbers and the monthly
rate of disappearance are similar in Dofana to those found by Sori-
guer (1979) in a population of rabbits 100 km to the north, the standing
crop previously mentioned should dorrespond approximately to a total
number of discrete individuals -present over a year equalling 75,000.
Predation by the lynxes therefore would affect annually 3.5%¢ of the
total number of rabbits which occupy the area.

Although the percentage obtained is low, the impact of the lynx on
rabbit population may be important. Many adult and subadult individuals
with a high reproductive value are captured. Also, the pressure of

Feeding ecology of the Spanish lynx 3io

predation is stronger from July to October, when the numbers of
rabbits are low. Predation by lynx mE.Em such a period may modify
the rate of reconstruction of population numbers, as Goszczyfaski
(1974} indicates for the predation by Vulpes vulpes on Microtus arvalis
(Pallas, 1779) in Poland.

4.5.3. Impact on Ungulates

Predation by the lynx seems to have no influence on the populations
of wild boar, which are controlled at present by diseases, spetially the
swine fever. )

Let us assume that an individual lynx kills 9 individual ungulates
each year though this is an over-estimation (see 4.4.). All the lynxes
will kill 90 ungulates per year and if all these are red deer and fallow
deer and the proportion of the former to the latier is 1:2.66, (Table 2)
the result is approximately 26 red deer and 74 fallow deer. According
to the proportion of sexes and ages of the carcasses found (see 4.2)
all the red deer will be fawns (again this is an over simplification, as
some adult females are captured; Valverde, 1967; Alvarez et al. -
1975), and among fallow deer there must be 67% fawns, 22%o adult
females and 11% non-fawn males: The number of cervids preyed upon
annually would therefore be 26 red deer fawns, 50 fallow deer fawns,
16 adult fernales fallow deer and 8 non-fawn male fallow deer.,

The average standing-crop of fallow deer in 1973 was 217, of which
123 were adult females and 37 nonsfawn males (B raza, 1975). 1 do
not know the average:length of residence of individuals during the
year, but the total number of fallow deer present can be estimated at
approximately 150 adult females and 50 non-fawn males. The approxi-
mate annual production would be 120 fawns, Predation would therefore
affect 12%o of the non-fawns and 419 of the newborn each year.

Thero is no cstimation availohle of the size oF tha red denre manalation
living in the area. Rogers’ data (1974) based on direct censuses allows
us to presume that in the autumn the proportion of red deer to faliow
deer is 1.5 :1: However, the red deer is certainly underestimated as it
is more scattered in the area and is found in more covered areas than
the fallow deer, being for this reason more difficult to make a direct
census even in selected seasons. If the number of red deer is double
that of fallow deer, the lynx would be responsible for the loss of about
10%0 of the fawns red deer born each year.

As in the area the lylnx is the only predator of cervids, and the
populations of these, specially that of fallow deer, seem to be food
and habitat-limited {here, many of the individuals killed by the ptredator
probably would die from ofher causes if there .were no lvnxes
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