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Abstract The activity of the thermophilous aRrofor- Cerd4 and Retana 1988; Fellers 1989; North 1993) and,
mica longisetéhas been studied in a Mediterranean higm other cases, temperature (Harkness 1977; Holldobler
mountain environment. An analysis has been made of #mel Taylor 1983; Curtis 1984a; Cloudsley-Thompson
biotic and abiotic variables involved, the location of artb89) or light intensity (Gano and Rogers 1983; Roseng-
conditions surrounding the activity, as well as the straten and Fortelius 1986; Cerda and Retana 1989). Besides
gies used by the ant to remain active at high tempetteese factors, which might be the most obvious ones, bi-
tures. The results of this study indicate that the mariic factors may emerge, superimposed over them, which
mum activity occurs during the middle hours of the dagay control the rhythm of the activity. These latter fac-
and that the variable which most influences daily activitgrs include: fluctuation in food availability (Whittford
is temperature, especially at the soil surface. With @nd Etterschank 1975; Cros et al. 1992); biological cycle
spect to the biotic variables, the availability of food arahd larval presence (Bosch et al. 1987; Cros et al. 1992);
the demand for food by the larvae strongly correlate witbhmpetition or conflict with simultaneously foraging
activity. The time outside the nest is usually spent in vegpecies (Bernstein 1979; Retana et al. 1988); interfer-
etation searching for food. This activity continues evemce of myrmecophagous (anteaters) species (Mehlop
when the temperature of the soil surface exceeds 584@d Scott 1983); and compromises between predator
To tolerate these temperatures, the ant not only hapressure and heat stress (Wehner et al. 1992).
high resistance to heat (critical thermal maxi- Most of these studies have focused on arid or desert
mum = 51.1°C), but also increases the speed of its moaeeas but not at high altitude, as in the present paper.
ments and resorts to thermal refuges. The present wigiduntain biotopes differ markedly from low arid or de-
contributes data on the biology of this highly thermophiert areas, primarily because sharp decreases in atmo-
ous species, which is also capable of tolerating a losgheric pressure set in motion a series of peculiarities.
hard winter and then developing within a short vegefBhe principal characteristic, the reduction in dust and
tive period. haze particles, results in lower air humidity and therefore
increased insulation and radiation. All of these factors
Key words High mountain - Activity - Temperature - exert considerable impact on the ecology, morphology
Resistance to heat - Arts and physiology of alpine fauna, particularly arthropods
(Mani 1990; Semme and Block 1991).
The Mediterranean mountain is unique among high-
Introduction altitude biotopes because its latitudinal position increas-
es total radiation and decreases air humidity as well as
The activity pattern of ant species arises from the inteainfall. This creates a cold, arid environment with spe-
action of various factors (Heatwole and Muir 1989). lgial characteristics (Table 1) such as: (1) a range of daily
some cases, “ambient conditions” are held to be the gmperature variations exceeding that of more northerly
eral factors responsible for this pattern (Ayre 1958nd wetter mountains (the Alps); (2) a rainfall rate dur-
ing the vegetative period (May—September) similar to

|. Fernandez-Escuderg {)* - A. Tinaut ) that of arid environments. Furthermore, the Sierra Neva-
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Spain serts, in having: (1) a thermal contrast between the soil
Present address surfa.ce and the air _vvhlch is more extreme ;han in de-
1 Department of Genetics, Uppsala Genetic Center, serts; (2) low night-time temperatures, even in summer.
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Table 1 Climatic data for de-

sert areas and high mount:in  Place Average Average Annual average Annual
temperature (°C) temperature (°C) temperature precipitation
January July (°C) (mm)

Turanic® -6.91t04.8 27.1-32.3 11.0-17.1 82-244
Kazahjastan -13.61t0 6.0 25.1-28.6 7.5-12.1 103-184
Dzungaria —22.0t0 -15.2 23.9-254 4.3-6.8 96-247
Gobi -18.1 23.3 3.8 107
Pei-Shaa -15.6t0 -9.8 22.6-24.6 4.3-9.6 42-74
Deserts of Tibet and Parair—20.0 8.0-12.0 - 103
Great Basif -2.0 20.4 7.8-13.2 158-419
Chihuahu& 12.2 26.6 21.1 204.3
Sahar& 11.8 35.1 22.8 32.1
Sierra Nevada (2500 th) -2.5 14.0 3.3 In summer 142
Alps (2500 mj -9.5 5.2 2.7 1552
Pyrenees (1714 rn) -1.6 13.4 5.2 In summer 635
Place Average diurnal  Difference air temperature-  Lowest temperature

aWest 1983, Orlovsky 1994 range ground temperature in July

b Morafka et al. 1981 (°C) (°C) (°C)

¢ Delye 1968

d Tinaut 1979, Prieto 1983 Sierra Nevada (2500 t) 7.7 40 5

e Mani 1968, 1990 Alps (2500 my 5 _ 6

f Font Tullot 1983 Sahara _ 18 15.5

9 \Wehner 1989 Tunisia - 21 15

h Heatwole and Muir 1979

similar to a cold desert than to other European highThe objective of this investigation was to study the
mountains or other arid zones. activity pattern of a Mediterranean high-mountain ant
Under these conditions, it might be expected that thgecies and its relation to abiotic and biotic factors, in an
rhythms of biological activity, as well as habitat usaftempt to resolve the apparent contradiction of a ther-
would contrast clearly with those in arid or hot zonesjophilic ant inhabiting a cold environment.
that is, while one of the prime aims of animals in arid
zones is heat loss, in the high mountain it is heat gain.
Thus, in arid and hot areas, some ant species chaMgéerials and methods
their daily activity patterns over the year, becoming n
turnal during the summer, e.§apinoma nigerrimunin
the Mediterranean area (Cerda and Retana 1988)p.dbngisetaCollingwood, a small [3.3 (SEM 5) mm;= 30) allo-
Messor arenariugn the pre-Sahara steppe (Heatwole amegtric and polymorphic ant (Fernandez-Escudero et al. 1994), is

i iti i i demic to the Sierra Nevada and neighbouring mountains be-
Muir 1989). In addition, two groups of species, dlumﬁv[/] en 1900 m and 2800 m in altitude. The nests are found under

(heat-adapted) and nocturnal (cold-adapted), inhabit MQ§hes which serve as an efficient heat source (Fernandez-Escu-
deserts, as in Anatolia (Baroni-Urbani and Aktac 198dgro et al. 1993; Tinaut and Fernandez-Escudero 1993)PThe
or the Sahara (Heatwole and Muir 1989; Heatwole 199lbngisetapopulations typically lodge between 155 and 1200 indi-

On the other hand, Somme and Block (1991) statdguals. This ant feeds mainly on nectar and occasionally on dead

- . . - insects (Fernandez-Escudero and Tinaut, in press a). It inhabits the
that in alpine habitats arthropod activity can be nocu&est areas of these mountains, where it is the most abundant ant

nal, a situation that these authors assumed to repregg{69%; Tinaut 1979). The other ant species sharing the area in-
an adaptive advantage, perhaps by reducing the riskclofle Tetramorium caespituni., Tapinoma nigerrimumnNyl.,
Overheating in melanistic species or by maintainingLéptOthOFaX tristisBondroit, L. tuberumFabricius andFormica
e ‘lemaniBondroit.

corppral water balance_ or avoiding predatOI_’S. In a hi H1The genugProformicainhabits arid steppes from Central Asia
Mediterranean mountain the temperature difference Rgme Iberian Peninsula and thus occupies cold as well as hot plac-
tween the day and night or between the presence or ébin the Iberian Peninsula, two other spedeserreri Bondroit
sence of sun is higher than in an alpine mountain; thexedP. nasutaNylander, live in a savannah-like grassland but only
fore, the compromise is between the heat gain during ﬂxléltltudes of no more than 1000 m (Tinaut 1981; Cros 1986).
night or sun absence and heat loss during the middle of
the day. Study area

However, despite the importance of the ants in theﬁ]e

: . . . Ry e present study was carried out at the head of the San Juan River
mountainous habitats (Pisarski 1978; Gomez and Za 0 m in altitude) in the Sierra Nevada (Granada, Spain). The

ra 1992), few studies have focused on how these inse@i8y area covers the dry places in this valley, where the most rep-
manage to thrive under such harsh climatic conditioresentative vegetation includégnista versicoloBoiss.,Juniperus
(Heinze and Hélldobler 1994) and virtually nothing EmmU”'Spr-a'p'”a(SUkef) CelakHormatophylla spinosgl.)

- . . upler andThymus serpilloideBory. Of the vegetal cover, roughly
known about the activity pattern of high-mountain an % is shrub, 27% grass, while 57% is bare ground. The soil is

In addition, the high mountain. probably_does not hayéry poor and siliceous. This zone belongs climatically to the At-
the broad spectrum of ant species found in the hot deslartic domain (Jimenez Olivencia 1991); the annual precipitation

0C- . . .
ISIaturaI history ofProformica longiseta



177

amounts to 926 mm, mostly during the winter, and is thus prin¢ivhere the ant rested) were measured every 30 min. These obser-
pally snow with only scattered torrential rainfalls during the vegeations were made when the temperatures were highest in order to
tative period (May—September), measuring less than 142 mm. Tnelerstand worker behaviour under extreme conditions. Further-
average number of rainy days per year is around 50. Temperatorese, to determine whether the great amount of time that the
at 2,500 m fluctuate over the year between 27°C maximum amdrker spent in the vegetation was due to the vegetal abundance,
—14°C minimum, with a monthly average of between —4.3°C amn@ calculated the vegetal cover in the zone, using five parallel
18.4°C. The potential evapo-transpiration reaches 100 mm in Auansects 10 m long and 2 m apart, in which the cover of every
gust, causing a water deficit from May to September (Tinaut 19%@e of vegetation (grass, shrubs, etc.) was counted.

Prieto 1983). In addition, we analysed two biological factors, food demand
and availability, in relation to pattern shifts in daily activity over
the entire active period. The demand was extrapolated from the
presence of ant larvae in the nest, unearthing 36 nests between
May and November (1990-1995), the populations of which were

The pattern of daily activity was studied at two nests 1.1 m ap%%g]ted. Larval abundance in the nest was made relative by giving

by counting the number of nest entries (the times any ant enteredhjye of 10 to the point of greatest larval presence in the entire
and exits (the times any ant ventured outside a circle of 15 cm@s et which we considered the point of maximum food require-
dius from the entrance). The counts started when nest activity Bt in the nest. This became the reference value for the other pe-
gan in the morning until the nest was closed and there were s \yithin a range of 0—10. Due to the marked floral preference
more entries or exits. The census lasted for 10 min every hour. fifyhis species, being one of the most abundant floral visitors in
tivity was noted for 8 days, from the end of May until mid-Segpis zone (Gomez and Zamora 1992), and given that nectar is the
tember. At the end of the experiment the nests were exposed ﬁ\%ﬁbr dietary component of this ant (Fernandez-Escudero and

their respective populations counted. Tinaut, in press a), we estimated the availability of food as the
At the same time, different environmental factors were morE

. . L . umber of flowers per square metre among the species visited b
tored to determine which abiotic factors were most responsible .rlongiseta(ArenarFi)a tet?aquetasubp. imbrigata Lug. ex Rodr. y

Activity

the variation in activity. These were: Thymus serpilloidesGenista versicolor found in an area of

1. Environmental temperature in the shade at 1 m from the s¥)0 n¥ surrounding the nests studied. This manner of estimating
surface the food availability is only approximate, and was treated as such
2. Vegetation temperature at 15 cm from the soil surface in analysing the results obtained.

3. Soil-surface temperature Food demand and availability were used in this work only as

4. Temperature beneath the stone belonging to nest A, which haaréables which can influence activity, since a thorough examina-
size similar to that of the first stone of nest B — a surface arediofi of the biological cycle and feeding habits Rflongisetais

182 cn? and a thickness of 3.5 cm discussed in other studies (Fernandez-Escudero and Tinaut, in
5. Temperatures 3 cm, 15 cm and 50 cm deep in the soil. The teness a, b).

peratures were measured with T-PRhysitemp, USA) thermo- The relationship of these two variables and soil temperature
couples connected to a Datataker DT 500 data-logger (Data Elgith activity was analysed using the Pearson correlation index, for
tronics, Australia), which automatically logged the informatiowhich the active period was divided into eight sections of 15 days
from the different sensors. In the case of deep soil temperatuegsih. The activity value considered was the sum of the entries and
the sensors were placed between the nests, as it was not feasilggit® of the sampling day in that 15-day period, the day when the
place them inside; thus these measurements served as the infauetber of flowers per square metre was counted and when the soil
temperature of the interior of the nest. The depths were chot®mperature was measured. The presence of larvae refers to the
based on the structure of 17 previously studied nests (Tinaut andber of nests exposed during this same period.
Fernandez-Escudero 1993). With these measurements, we hoped

to determine whether interior soil temperature influenced external

activity. Critical thermal maximum

6. Light intensity, measured with a Neurtek H D 8366 (Delta

OHM, ltaly) light meter which could register the light reflectedror a better understanding of the results, we calculated the heat re-
90 cm from a sheet of white paper on the ground. sistance of. longiseta considering the temperature at which the

7. Wind at ground level, measured with a Turbo-Meter anemonveerkers remained immobile to be more ecologically significant
ter (Davis Instruments, USA). than lethal temperatures. The critical thermal maximum (CTM) is
8. Relative air humidity at 1.5 m, recorded using a digital hydrordefined by Whitford and Ettershank (1975) as the statistical mean
eter Rotronic (Hygroskop Gt, Switzerland) of the temperature at which individuals become immobile and can-

All variables were measured every hour from 0630 hours to 183} escape potentially lethal conditions. Following the measure-
?

hours, in order to determine the environmental conditions bef n;?xutsc?dsg\)// etra]ev?/grigﬁgoirr?t’owg ?g:;%mggéfg wi?hcz;rr,:ﬂé)r)llcalm;%dlé(r}
and after nest activity. To show the relationships between the ![_ K containing 2 cm sand at the bottoF:n Water was added to )t/his
ables, and to avoid the problem of introducing into the regress|d : PG

analysis variables that behaved similarly, we first applied a pringjocPiacle and heated with an electrical resistor. The temperature

: . L ificreased at 1°C mify monitored by a sensor 2 mm from the sand
pal components analysis (PCA). This expresses covariation rface. Before the experiment, all the ants were kept for more

N 24 h at 20°C for acclimatization. As a reference measure-

riance of the original variables. We used the factors thus obtained . p
as independent variables in the stepwise regression analysis, wit] té 2;;';‘32;'82 \5\122 ?;icrl% ?r]: tt?\?a g@rﬂg"f\%(g("j aa g]uelz[rg?(;rn alti-
activity being the dependent variable. PCA factors were rotated Me of less than 900 m ’
a varimax/normalized method. Some variables were log traﬁ - SS :
formed to approximate a normal distribution (Sokal and Rohlf
1995). The programme Statview TM.2 was used for the statistical
analysis. ) Results

A complementary study was conducted to discover where for-
aging took place, to ascertain the conditions that the ant eNCopRtjvity
ters outside the nest, and thereby to understand more fully the in-
fluence of certain variables on the activity. In observation interv . . . .
set at 5 min, records were kept of the time during which workers Ior)g|setaf0rage_d only durlng_ dayllght, and dls_p_layed
were on the ground and in the vegetation. In addition, the tempétalinimodal activity pattern with maximum activity at
ture of the soil surface and the vegetation at 2 cm and at 7 emdday (Fig. 1). The duration of activity (Fig. 2) varied
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the two nestsn(= 8). Barsrepresent standard deviat on Hour

Fig. 3 Maximum, minimum and average soil-surface tempera-

between 4 and 11 h for both nest A (14 September 18¢§S each hour during the active periodobngiseta(n = 8)

and 23 July 1993, respectively) and nest B (14 Septem-

ber 1993 and 10 July 1993, respectively). The mean gearance of clouds, activity dropped appreciably and,
ration was 7.3 (SEM 2.5) h. when the day remained cloudy, activity stopped. The

The daily activity ofP. longisetabegan after dawn be-maximum light intensity of the sampling days, 17 290 Ix,
tween 0730 hours and 1030 hours when the sun was aidmot disturb nest activity.
the nest. At that time, the activity was scant but this The workers also remained active in high winds
clearly increased, reaching a maximum between 1283 m/s at ground level), although on these occasions
hours and 1430 hours. The maximum activity remaindte workers were sometimes carried away by the wind.
stable for about 1 h, after which activity began to declifidie humidity values when the ants were active were low,
until it stopped between 1630 hours and 1830 houaseraging 35.4 (SEM 2)%, with a maximum of 62.2%
(Fig. 1). Although this was the norm, sometimes at midad a minimum of 5.8%. Rain was the factor most likely
day there was a slight variation in activity that did ned stop activity — we noted five occasions on which rain
correspond to any of the variables studied. completely halted activity.

Activity took place mainly between 30°C and 50°C With respect to the influence of these variables on the
(soil-surface temperature), while the most extreme caetivity of P. longisetathe PCA grouped the variables in-
ditions under which ant activity occurred involved a datie four factors (Table 2), the first being light intensity and
ly soil-surface temperature range of 17-53.4°C (Fig. 3l the temperatures except those referring to soil depth.
However, in other observations in the study area, soBwil-surface temperatures proved to be the factors with
workers were found to be active at surface temperatutfes most weight, followed by the temperature at 3 cm be-
of 10.4°C and 58.8°C, the maximum observed in th@v the soil surface and beneath the stone. The second
zone. With respect to light intensity, foraging (invariablgrouping was clearly characterized by soil temperatures,
diurnal) was never observed below 4310 Ix on sunwyjth light intensity notably negative yet high, indicating
days, a value that coincided with sunset. With the agm inverse relationship between these factors. This inverse
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Table 2 Results of principal components analysis. Rotated by —O— Lanee

varimax/normalized method. Eigenvalue: degree of variance ex- T Act. A

plained by each factor. Values express the weight of the variables e fowas

for each factor (for further details see Materials and meti:ods) —— Soilsuttemp.  gowersim2  og
E+E  Larvae 2050

Factor 1 Factor2 Factor3 Factor 4 °® 7"

45

Environmental 0.065 0.233 -0.650 -0.084 F s

temperature 1597 L 4o
Soil-surface 0.931 -0.196 0.225 -0.042

temperature e .
Vegetation 0.538 -0.170 -0.408 —0.132 100 A1

temperature L 4

30

-3 cm temperature 0.724 0.001 -0.113 -0.029
—15 cm temperature 0.084 0.876 —-0.045 0.070 so
—50 cm temperature  —-0.013 0.901 0.293 -0.134 e
Stone temperature 0.694 0.256 0.001 0.227

- 25

Light intensity 0.626 -0.670 0.454 -0.097 o . . . . 20
Humidity 0.039 -0.023 0.024 0.980 MAYIL  JUNEI  JUNEN  JULY!  JULYHl  AUGUSTI AUGUST Il SEPTEMBER !
Wind 0 m 0.107 0.172 0.763 —0.039

Eigenvalue 3.901 2.408 1.282 1.059 Fig. 4 Evolution during the vegetative period of ant activity in
Variance 0.39 0.630 0.759 0.865 nests A and B, entries+exitk (+ E), of the presence of larvae

(10 = maximum presence, 0 = larval absence), of the presence of
flowers(flowers per i) and of the average temperature of the soil

Table 3 Factors with significant influence on activity in nest A§urf?((3e Soil surf. temp | first 2 weeks of the month| second 2
and B according to stepwise regression ane ‘ysis weeks

Variable Intercept SE Std. coeff. F to remove Table 4 Pearsonr2 values between activity of the nests A and B,
soil-surface temperatursyrface temyp.larvae and abundance of
NestA Factorl  0.693 0.047 0.637 44.46 flowers

NestB Factorl 10.985 0.834 0.607 37.95

Surface Flowers Larvae Activity Activity
B

temp. A
relationship is due to the fact that deep in the soil, ther&jsface temp. 1 0.6415* 0.7305* 0-3193* 0.8510*
a 12-h lag between temperature increases and decre5lQUE"s : f 2'8004 8'8824?11* g'gfgf*
with respect to light intensity (Tinaut and FernérjdegttivityA - - - 1 0.9256%
Escudero 1993). In the third group, wind had the highestivity B - - - - 1

positive value, with environmental temperature beir .
negative. The final group was characterized by humidity. - <0-0

The application of multiple stepwise regression
showed that the first group was the only one that signifi- The two nests were similar in dynamics (Fig. 1), al-
cantly influencedP. longisetaactivity outside the nestthough this similarity falters when we examine the inten-
(Table 3). This implies that the most influential variablesty of the activity, especially at the beginning and at the
were environmental temperatures surrounding the asmd (May and September) of the active period. At these
chiefly soil-surface temperature. times nest A had far fewer entries and exits than did nest

On the other hand, soil-depth temperature, wind aBdDuring these periods, nest A began to be active 1 h la-
humidity did not significantly explain this activity. Theter than did nest B (Fig. 2). The structure of both nests
influence of light intensity was primarily a limiting fac-was differentiated mainly by the size of the stones cover-
tor, given that there was no activity below 4310 Ix (atg the nests. Nest A was beneath a stone 184rcar-
sunset), even though soil surface temperature was greaseand 3.5 cm thick, whereas nest B was initially beneath
than 35°C on some days. one 143 crhin area and 3 cm thick and afterwards below

The dynamics of the biotic factors analysed, foamhe 21 criin area and 1 cm thick. The smaller size al-
availability and demand (larvae in the nest), over thmved the second stone to heat up earlier than did the
vegetative period, closely matched the dynamicd$.of stone of nest A and thus heat the chambers below. As a
longisetaactivity (Fig. 4), as we confirmed by the correresult, nest B became active earlier. The differences in
lation results (Table 4). These two factors had low value intensity of activity were not explained by differ-
at the beginning of the vegetative period, rose to magnices in population between the nests, since 186 workers
mum values in July and then fell towards the end of Aand a queen for nest A versus 190 workers and three
gust as the flowers and almost all of the larvae disapmeens for nest B, constitute similar nest sizes.
peared. At a seasonal level, soil-surface temperature als@he study of 41 foraging excursions indicated that, re-
correlated closely with activity and, although lackingardless of soil-surface temperatuf@dpngisetaspent a
values as low as the previous variables at the beginnismge amount of time foraging in vegetation, accounting
and end of the activity period, the dynamics were far 44.9 (SEM 3.3)% of the time measured, which is a
many ways parallel (Fig. 4). high percentage, given that vegetal cover was only
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y =-537x + 47.992, r2 = .031 Soil surface temperature

7 cm vegetation temp.

60
160 o oc

2 cm vegetation temp.

50 7
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30 1

20

Excursions on the ground (seconds)

0 10 20 30 40

20 Foraging excursions
25 30 35 40 45 50 55 60
Soil surface temperature °G Fig. 7 Soil-surface temperature, temperature in the vegetation at
2 cm and at 7 cm high, reached during Ehdongisetaforaging
Fig. 5 Relationship between the duration of foraging excursio§¥cursion=
over the soil surface and soil-surface temperature. gaicti rep-
resents an excursi

tion temperature measured at 7 cm never exceeded 32°C,
y= O8x 4 107, 122752565 while the surface temperatures reached 58.8°C, showing
o that the vegetation acted as a refuge from the heat

(Fig. 7).

300

Critical thermal maximum

The CTM for this species, 51.1 (SEM 0.8)°C (range
52.3-48.8°Cn = 39), is a high value, showing resistance
to high temperatures. The CTM &f ferreri was 50.4
(SEM 0.9)°C (range 52.3-49.0°@,= 27), a value very

s s o5 40 45 5o 8 e close to that oP. longiseta

Soil surface temperature °C

Pauses in vegetation (seconds)

Fig. 6 Relationship between the duration of pauses in the veggyseussion
tion and soil-surface temperature. Eadintrepresents a patse

Temperature proved to be the most influential variable in

15.7%. The visits to vegetation can be attributed tiwe daily activity ofP. longiseta This is not surprising,
searchers for food, in which the ant minutely searchgden that the activity analysed takes place outside. The
every branch of the plant, although on occasions we ofwest influential factors on behaviour are therefore likely
served an ant climb rapidly to the upper part of the pldatbe those most representative of the environment where
and stay for a few seconds. The ants rarely remained the activity occurs. This is especially true for ants, given
mobile. their small size and their lack of wings which results in

The relationship between the duration of foraging algedy temperature becoming the same as surrounding
tivity on the soil surface and soil temperature was la@mperatures (Casey 1981). Coupled with the factRhat
(r =0.176;P = 0.0015). However, when the temperatulengisetaraises itself by 2 mm when walking during
increased there was a more direct relationship, as carniglé temperature, the soil-surface temperature has the
deduced from the fact that the foraging excursions lassrbngest effect on activity, especially considering that
no more than 42 s when temperatures exceeded 58%I€ soil surface undergoes the most extreme conditions
(Fig. 5) and that, when the soil-surface temperature exwing the period when the ant is most active.
ceeded 50°C (Fig. 6), there were many stops of less thaThe strong relationship between the highest tempera-
20 s in vegetation. Such visits owe more to the evastome and maximum activity underscored the thermophil-
of high temperatures than to the search for food, as cais nature of this species. Such behaviour has also been
be seen by their duration and worker behaviour. observed in other species such @ataglyphis iberica

The study of foraging excursions also showed Ehat(Cerd4 and Retana 198@ataglyphis bombycin@/\eh-
longisetacan forage for more than 1 min when the sailer et al. 1992) and the gen@cymyrmex(Marsh
temperature is greater than its CTM of 51.1°C (Fig. 3)985a), which enables these species to collect prey that
This is probably due to the speed of movement whidtas died from high temperatures and that other species
although not measured quantitatively, was greater wreamnot reach. FdP. longisetathe carrying of solid food
the soil temperature was high, and the fewer stops madgeases during the hour of maximum heat(0.87,
by the ant on the soil surface. P = 0.0001), but this increase is also related to the in-

The differences between the two environments, ve@eease in activity r(= 0.83, P = 0.0004) (Fernandez-
tation and soil surface, were clear, given that the vegdiacudero and Tinaut, in press a). We cannot therefore
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Table 5 Critical thermal maximum GTM), maximum surface where the temperature is lower and where its body tem-
temperaturegurface temp.tolerated by the ant, and the percemperature can drop, as shown by Marsh (1985b). These
age (%) that surface temperature exceeds the CTM of t e ant techniques are advantageous in hot environments, given

Species Surface CTM Difference the small size of the workers, allowing them to lose heat
temp. (°C) (%) rapidly (Willmer and Unwin 1981; Heatwole and Har-
(°C) rington 1989). As a specific cade,longisetas peculiar
. . in its capacity to remain active at temperatures of nearly
Sg;%%'g&'yfnfgxﬂﬂéﬂﬁ?ﬁee{y §§ Sg‘;g‘ %223 60°C, in view of the fact that it can raise itself only
Ocymyrmex barbib&Emery 67 51.4  30.4 2 mm off the ground, as opposed to 4 mm in species
Camponotus detriticdEmery 63 538  17.2 such asC. bombycina(Wehner 1989) o1O. barbiger
Mxlr\mecf’cysms mimiceis 60 484 24.0 this height allowing temperature reductions of up to 5°C
Myrmggoegystus depikigorel 60 474 266 (Marsh 1985b). Another significant aspect is that the use
Myrmecocystus romarfesnelling 60 46.1 30.2 of thermal refuges bfp. longisetais camouflaged, as al-
Myrmecocystus mexicartus 30 442 -32.1 most half of its foraging time is spent in vegetation,
Wesmael where the temperatures can be more than 25°C lower on
gggm;gg lfg?r%'fi‘eta 60 gg.dlf 131 the soil surface. In the vegetation, this ant searches for
: liquid or solid food, regardless of soil-surface tempera-
a\Wehner 1989 tures. Seeking refuge is evident only under extreme con-
b Whitford and Ettershank 1975 ditions, when temperatures exceed 55°C, whereupon the
Zgﬁ:ﬁg‘ 113328 number of excursions over the soil decreases and the fre-
e Kay and Whitford 1972 quency of stops increases (Figs. 5, 6).

Aside from the thermal refuges, increased speed of
movement accompanies high temperatures (as noted
consider one cause alone (heat) to be responsible forabeve), which, when coupled with the frequent presence
increased number of prey. On the other hand, we canofotvind and the normally low air temperatures in high
discount this as a way of avoiding clashes with oth@ountains, could be sufficient fd?. longisetanot to
ants, given that this species, in the study zone, shareseiteh its CTM for long enough to cause death.
territory only with species of small sizegptothoraxand In summary, the study zone proves to be a peculiar
Tetramorium) which have an activity rhythm which is bi-habitat where insects must endure cold summer air, typi-
ased towards the beginning and end of the day, but nodal of high mountains (Table 1) and soil temperatures ap-
teraction was noted with respectRolongiseta Only in proaching 60°C, under predominantly arid conditions.
narrow contact zones with lemanidid we observe con- All this obliges species such Bslongisetao be adapted
flict in the flowers (Fernandez-Escudero 1994). to high temperatures, like species from the desert and, at
In addition, we have found that the activity Bf the same time, to be adapted to a short active period al-
longisetaover the course of the year strongly correlatésrnating with a long inactive period in which it must
with temperature, as with the availability of and demasdrvive the harsh winter.
for food in the nest (Fig. 4, Table 4). We attribute the co-
incidence thaP. longisetais more active on the hottestACkn}gWEd%img?éSr Y]Vgl va\/)iltlrl]dth”ek%etlg Vtvf:)?EkJﬂg\r/]iesfogifgggdjegse
; ; evin ;
days, when the m.OSt food is outside th.e nest and w aria Gémezp(Departmpent of Animal Biology, Granada) for help
the need for food is greatest, to the brevity of the vegej@n the statistics; Francisco Pifiero for providing us with some
tive period in high mountains and to the fact that thiliographic references; Paqui Ruano, Tara lan Morris and José
species must spend the winter without larvae or eggs. Hidalgo (Department of Animal Biology, Granada) for supervision
With respect o the heat resistancePofongisetawe 1 19 e Dan Neshit or e ransaton e tanc e,
have found that it has one of t_he highest CTM valu sf>i/nanced by the DGICYT project PB91-0721 (A. TFi)naut).
close to that oDcymyrmex barbigerfollowed by those
of Pogonomyrmex rugosuand C. bombycina species
that live in arid environments, but different from a NOQeferences
turnal species such &yrmecocystus mexican$able
5). . . . . . Ayre GL (1958) Some meteorological factors affecting the forag-
Some species, including longiseta can stay active = ing of Formica subnitensCreighton (Hymenoptera: Formic-
in temperatures exceeding their CTM by even more thanidae). Insectes Soc 5:147-157

30% (Table 5). Survival is achieved by the ant (1) walRaroni-Urbani C, Aktac N (1981) The competition for food and
circadian succession in the ant fauna of a representative Ana-

ing on its tiptoes and thereby lifting itself off the ground 53" semi-steppic environment. Bull Soc Entomol Suisse
an additional few millimetres; (2) increasing its speed to 54:33-56
raise the amount of heat exchange with the air so Begnstein RA (1979) Schedules of foraging activity in species of

[ h mor icklv (Marsh 1 - and. main- ants. J Anim Ecol 48:921-930
body loses heat more quickly (Marsh 1985b); and, ma osch J, Alsina A, Cerda X, Retana J (1987) Incidence du cycle

ly, by (3) continually using thermal refuges (Whitfor biolodi . > . Y
’ . gique et de la disponibilite des ressources alimentaires
and Ettershank 1975; Kay and Whitford, 1978; Wehner gy |e regime trophique d’une fourmi. Vie Milieu Ser C Biol

1989; Wehner et al. 1992) on shady or elevated sites,Terr 37:237-242
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