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In the present paper an attempt is being made to establish whether the
forms known as Chrysozona pluvialis (L.) and Ch. hispanica (SzIL.) constitute,
on the ground of ecophysiological studies, separate and distinct species.

A detailed morphological study of the Polish species of Chrysozona MEIG.
(MixorAJczYk, 1963), has shown that the differences between both species
are inconspicuous, and even the structures of the postabdomen of males and
females do not enable their identification. There are many specimens with
intermediate characters, and it is not possible to include them, on the basis
of morphology alone, to either of mentioned forms.

In the eastern Europe (OLSUFIEV, 1937) Ch. pluvialis (L.) and Ch. hispa-
nica (SziL.) are well defined forms both morphologically and geografically,
and their specific rank is beyond doubt. In central Europe the main difference
between these two forms is the colour shade of the underside of abdomen,
which in Ch. hispanica (SziL.) is blue-greyish and olive-brown in Ch. pluvialis
(L.) The further to the west, the more inconspicuous the differences become
between the said forms. In an elaboration of the German and Palearctic species
(KrROBER, 1925, 1932, 1938) as well as Belgian ones (LECLERCQ, 1957) these
species are treated as forms, subspecies or varieties. In the study of Tabani-
dae of France (Sticuy, 1926) both forms are included into Ch. pluvialis (L.).
In central Europe they are usually regarded upon as species (MOUCHA, 1956;
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526 P. Trojan, B. Wojciechowska 2

TROJAN, 1959; MIKOLAJOZYK, 1963), their specific rank, however, has not
been sufficiently proved. In certain habitats, where both species occur, the
identification of the specimens captured meets certain difficulties. Such places
are to be found in the Kampinos Forest near Warszawa where the studies
have been carried out.

The starting point for the present studies were the ecological differences
found between the closely related species (DIVER, 1941) as well as the study
on the species of the genus Tabanus L. (TROJAN, 1962); these investigations
have shown that the closely allied species occupy different ecological niches.

The value of the morphological hiatus, which must be known before the
specific separateness of species can be established, is not defined by any existing
theory of taxonomy. When small morphological differences are found between
the two forms, it is often impossible to decide whether the observed feature is
of specific or interspecific rank. The existing difficulties arise because the
morphological criteria are the only way to separate systematic units which
are biologically different. The species recognized by the taxonomists, thus
should possess apart from the common structural properties of their indi-
viduals, aslo certain similarities in other respects. In many cases, the biological
characters of a species corroborate its morphological features, and in others
the ecological or even physiological studies allow for separating the species
which seem to be morphologically uniform. Such species known as ecospecies,
biological species or sibling species, however, do not constitute any distinct
and separate category of a biological unit, as suggested by CAIN (1954), since
no evidences have been yet presented supporting this view.

The material was collected in the years 1955-1959 in the Kampinos Forest
near Warszawa and the laboratory investigations were carried out at the Field
Station of the Ecological Institute of the Polish Academy of Sciences at Dzie-
kanéw Leg$ny.

Results

Survival. The research on the longevity of individuals under the various
thermic conditions was carried out in a laboratory, under the controlled con-
ditions. The same artificial light has been applied in all temperatures. Constant
relative humidity of the air was obtained by means of evaporating solutions;
during the experiments the value oft his humidity oscillated slightly between
70 and 80°/,.

Captured specimens were transferred to the laboratory as soon as they were
collected, put on a wet cotton to drink, weighed on the torsion scales, and
placed in the jars covered with gauze, 10 specimens in each, which were then
put into thermostates. During the whole experiment the longevity of each
specimen watched through the glass has been recorded.

The specimens inside the jars were either immobile seen on their bottom
and walls, or were seen creeping on them. Short before their death the spe-
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3 Specific Distinetion of Chrysozona pluvialis (1..) 527

cimens turned upside down and ceased to move their legs. This leg
movement, after being carefully checked, has been regarded as the definite
death of each specimen involved. After experiment the dead specimen have been
weighed again on the torsion scales.

The results obtained (fig. 1) indicate o0
both the similarity and the differences . <000©
in the reactions of specimens of both “:E? 50003\ ““““ Ch.hispanica (Szil.)
species. The highest survival of both & \ —Ch.pluvialis (L)
species of Chrysozona MEIG. occurs in = \
the low temperatures (-4-10°C). With = %]
the temperature of environment rising &
the survival capacities on the species 3
drop. Considerable differences have been i
also noted in the time of survival of the soor
species. In the temperature of 410 °C 200
Ch. pluvialis (L.) dies three times quicker 600
than Ch. hispanica (SziL). With the 500
temperature rising the difference in the 100
resistance properties between two spe-
cies diminishes, but is always distinct. 300
The loss of water by the organism,
which occurs particularly fast in the 200
higher temperatures, should be proba-
bly looked upon as the cause of death.
The weight of the dead specimens was
7,5-9,5°/, lower than that of alive ones 7%% i
weighed before the experiment. In the 80
high temperatures (+55°C) the speci- ;g
mens of both species did not live more 50
than 20 minutes. The almost 109/, loss .
of body weight in so short lasting expe- b
riments should be undoubtedly attribu- 30
tted to the loss of water by the orga-
nism involved. 2
Fig. 1. Survival of Chrysozona ME1G. under .
various thermic conditions, without access to 05 25 410 5L5 “C
the water. Temperature

Of the two examined species, Ch. hispanica (SzIL.) is more resistant to the
high temperatures and it better preserves its water supplies. These observa-
tions may be corroborated by the distribution data of this species which oceurs
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mainly in the steppe-zone of the USSR, while Ch. pluvialis (L.) is distributed
north of that area. Thus the first of the mentioned species seems to be more
endangered by the loss of water that the second one.

The activity of the penetration flight. The activity of the pene-
tration flight of the two species varies depending on the thermal conditions
of their habitats (TROJAN, 1958).

The investigations of the activity in flight under the various temperatures
were carried out on the basis of the series of 10 minutes collecting samples while
Skuffin traps were used. The air temperature was measured by the means of
a thermometer held in a special shield and suspended 2m above the ground,
e. g., in the penetration sphere of Tabanidae (TROJAN, 1958). Collecting time
did not exceed 12 days — which permitted to obtain the results independently
from the qualitative oscillations occurring during a season. The measuring
has been based on 567 samples which supplied 3001 specimens belonging to
both species. The temperature ranging was 1°C, whereas the limit values from
—0,5 to +0,4 have been recorded. The activity of flight was determined by
the average number of specimens captured during a constant period of time.
During a dozen days of experiment the number of specimens belonging to both
species did not change, thus the differences in the qualitative values of the
particular samples may result either from: the aggregative structure of the
population or the accidental fluctuations and or the change in the activity
of flight.

The population structure factor was eliminated by the 10 minute duration
of sample, and the accidental fluctuation factor was eliminated by the con-
siderable number of samples and by the average values used; every average
value obtained was based on over 40 samples. The differences established may
be thus accounted for by the change in the intensity of the penetration flight
which is defined as the flight activity (HADDOV and others, 1950). A comparison
between the two species, while taking into account a considerable difference
in the number of their specimens captured, has been carried out by using the
relative values based on the sum of average values (peculiar for a given species
a constant temperature.

The reaction of the two discussed species of Chrysozona MEIG. to the thermal
condition of their environment shows certain similarities. The rise in tempera-
ture stimulates the activity of the penetration flight in both species. The course
of the reaction and the influence of the particular temperatures on the acti-
vity of flight, however, exhibit considerable differences between the
two species.

Chrysozona hispanica (SzIL.) begins its penetration flight in the air tempera-
ture 16°C. Up to 19°C the activity of flight of this species rises very inten-
sively. Further increase in the temperature does not influence any more the
agility of the specimens. Even the 10°C temperature rise (up to 29°C) brings
about a bare 79/, rise in the flight activity. In this species only one critical
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5 Specific Distinction of Chrysozona pluvialis (L.) 529

drastic change of the flight activity occurs between 16 and 19C° (see the table
below).

The relation of the activity of the penetration flight to the air temperature
in Ch. pluvialis (L.) presents a different picture. The beginning of the pene-
tration flight in this species occurs only in the temperature 17°C.

Ilight activity of Chrysozona pluvialis (1..) and Ch. hispanica (SzIL.)

Air temperatures in “C
|16 | 17 |18 | 19 | 20| 21 | 22 | 23 | 24| 25 | 26 | 27 | 28 | 20 |

Chrysozona pluvialis (L.)
N 10.00 } 0.490.63 ‘ 0.71 , 0.71 I 0.71

’0.85'0.99 |1.41] 2.31 | 3.29 ’ 4.48 | 6.37 | 7.05 |

4 10.00(1.63|2.10|2.37|2.37|2.37|2.83|3.30 4.7()| 7.70 | 10.97 | 14.97 21.23:23.50!

Chrysozona hispanica (SZIL.) {
| N ().08)0.22‘0.25‘0.28'0.2910.29'0.30'0.30 0.31 ], .0:31 |“0:81 . 0.31 |.0:31 | 0:31 |
| :

A |2.07(5.696.46|7.24 | 7.49 7.49,7.75}7‘75 8.01| 8.01 | 8.01 | 8.01 | 8.01 | 8.01 |

N — average number of specimens captured during 10 minute collecting sample
A — activity of penetration flight (9, of specimens number, captured at a given tem-
perature

Despite the fact that the number of specinens collected of Ch. pluvialis
(L.) exceeds twice that of the preceding species, its flight activity is three and
half times smaller than that of Ch. hispanica (SziL.). The increase in the flight
activity in Ch. pluvialis (1..) takes place in the temperatures 17-18°C, further
increase in the temperature up to 21°C does not cause a corresponding increase
in the activity of flicht. In these conditions, when Ch. hispanica (SziL.) reaches
its peak ability in flicht, Ch. pluvialis (L.) is still three times less active than
the preceding species.

The situation changes only when the temperature of air increases above
22°C. The activity of Ch. pluvialis (L.) in this moment abruptly increases and
between 25°C and 26°C reaches the flight activity similar to that of Ch. his-
panica (SziL.). A further increase of temperature induces a further increase
in the flight activity. In temperatures above 25°C more than 70°/, of the active
flight of this species is performed, while in the related species Ch. hispanica
(Sz1r.) in the same range of temperatures (26—29°C) the flight activity is only
329/,. The selective influence of the different thermal conditions on the flight
activity of the species is thus very conspicuous. In periods with air temperature
15-25°C Ch. hispanica (SziL.) is definitely more active species than Ch. plu-
vialis (L.). In temperatures- 26-29°C the reverse is the case.

The experiments have been repeated during three consecutive years. The
data obtained showed great similarity with those obtained earlier, particularly
with regard the the critical values.
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530 P. Trojan, B. Wojciechowska 6

The dynamics of numbers. The data have been obtained with the help
of Skuffin trap kept in a permanent place. Each sample was carried out at noon
in sunny weather during one-hour collecting spell. Such samples have taken
place once in a week from spring until autumn.

The allied sympatric species of Tabanidae (TROJAN, 1958) inhabiting similar
ecological niches usually do nor occur in the same time. Of a particularly great
importance is the difference in the beiginning of flight, when a nuptial flight
of a species is performed. For, if two allied species are not separated by distinct
genetic barriers, their existence (when they occur together) is only possible
when either their nuptial flight do not coincide or they require different breeding
conditions. As far as Ch. pluvialis (L.) and Ch. hispanica (SzIL.) are concerned,
the genetic barriers between these two species have not been studied as yet.
A great number of intermediate forms found in the area of Kampinos Forest,
may indicate that such barriers do not exist and a crossing between the species
mentioned takes place. Ch. pluvialis (L.) does not occur in the nuptial period
of Ch. hispanica (SziL.) as it does not appear until the third decade of June,
and, moreover, in small numbers. When Ch. hispanica (SzIL.) disappears a mass-
-flight of Oh. pluvialis (L.) begins. Although the former species may still occur
in the Kampinos Forest until the middle of August, it is then very rare and
at most odd specimens may be collected. A main factor which keep apart the
two species is thus the period of their occurrence.

Distribution in biotops. To study the biotope distribution, a “section”
method has been applied. This method consists of carrying a Skuffin trap over

Ch. pluvialis (L))

Ch. hispanica ( Szil.)

May August

1

Fig. 2. Seasonal dynamics of Chrysozona ME1G. in the Kampions Forest observed during
the summer 1955; 1 mm of width corresponds to 1 specimen captured during one hour.

the chosen routes and capturing all specimens attacking the trap at ten-step
distances. The qualitative results thus obtained were analyzed on the basis
of a map of the area involved. Certain differences have been observed in the
occurence of the two species in particular biotopes of Kampinos Forest. Oh.
hispanica (Szir.) appears in June—which is the period of the greatest abun-
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dance of this species, over the whole area of Kampinos Forest, where distribu-
tion of this species is determined by the availability of food and water (TROJAN,
1958). T

The species is encountered in the various types of pine forest, alder forest
and on meadows. In July, when the second species — Ch. pluvialis (L.) aboun-
dantly appears, Ch. hispanica (SzIL.) (shows a sudden decline in number, the odd
specimens of this species being found along edges of woods and meadows. The
remaining forest areas is populated exclusively by Ch. pluvialis (L.) which
abundantly occurs on the meadow as well.

The differences in behaviour. In the European species of T'abanidae
no selectivity of food has been discovered. All the blood-sucking species attack
willingly large mammals. It is well known, however, that certain large species
(T'abanus bovinus L.-group) rarely attack humans but most frequently horses
and cattle. The majority of the remaining species feed equally readily on the
large ungulated mammals as on humans. It has been stated, however, (TERTE-
RIAN, 1954), that different species choose different places on their hosts. As
far as Ch. pluvialis (L.) and Ch. hispanica (SziL.) are concerned the artificial
baits were used, thus on information could have been obtained with respect
to the feeding site on a natural host. Both species attacked the sides of trap
as well as their bottom. During collecting at sides of the trap differences have
been noticed in the reaction of specimens to the movement of the entomolo-
gical net and the aproaching of humans. While Ch. hispanica (Sz1iL.) allows an
approach of 2-3 steps and afterward flies over to the other side of the trap,
Ch. pluvialis does not fly off having seen the collector, and when scared by
strokes of the net it often promptly returns to rest at a nearby place.

Discussion

The ecological and physiological data presented in the paper allow us to
assume that in the solution of systematic problems morphological as weell
as ecological and physiological methods can be equally applied. In the case
when morphological criteria do not suffice for establishing a specific rank
of a given population, the studies carried out in the field (on a living material)
may reveal the biological distinctness of this population.

As far as Ch. pluvialis (L.) and Ch. hispanica (SzIL.), a pair of sympatric
species in central Europe, are concerned, it has been stated that:

1. Ch. hispawica (SzIL.) possesses greater resistance to various thermal
conditions of its environment than Oh. pluvialis (L.). The better survival of
Ch. hispanica (SzIL.) can be explained by the fact that the specimens of this
species can better preserve water in their organism than those of another
species.

2. The activity of flight of Ch. hispanica (Sz1L.) shows only one critical point,
and in air with the temperature above 20°C it remains steady up to 29°C,
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532 P. Trojan, B. Wojciechowska 8

while in Ch. pluvialis (L.) two critical points in the activity curve have been
observed — one between 17 and 18°C when a moderate activity begins, and
the other above 22°C when the activity of flight rises abruptly.

3. The time of occurrence of the two species is not identical. While Ch.
hispanica (SzIL.) appears in the spring, Ch. pluvialis (L.) emerges at the end of
a mass flight period of this species and reaches a peak abundance at a time
when only single, odd specimens of Ch. hispanica (SzIL.) may be encountered.

4. Ch. pluvialis (L.) can be found in all sorts of habitat throughout its
occurrence period whereas Ch. hispanica (SziL.) gradually disappears from its
habitats to be found finally only in an intermediate zone at the edge of woods
and meadows.

5. Ch. hispanica (SzIL.) is shier, and can be frightened off more easily than
Ch. pluvialis (1..)

The data presented may also be interpreted in the light of certain concepts
concerning the origin of both species. Ch. hispanica (SzIL.) is a steppe-bound
species occurring in the southern part of Europe. The penetration of this species
into the central Europe was probably due to the deforestation and the steppe-
-transformation process on large, original forest areas which were gradually
brought under cultivation. Ch. pluvialis (L.) is a forest species, commonly
occurring in central Europe and in the forest areas of its eastern part. Both
species show biological characters common to the whole family of Tabanidae,
being water-dependent insects frequently drinking to renew their water-supply.
The steppe areas are, of course, drier than the forests and provide less drinking
sites. Thus a better ability to preserve the water in Ch. hispanica (SziL.) than
in Ch. pluvialis (L.) may be easily explained. This adaptation persists still
despite the fact that the species changed its original habitats.

Ch. hispanica (SzIL.) is, moreover, an early-spring species, displaying its
full activity even at the average temperature. By contrast, Ch. pluvialis (L.)
is a summer species, which does not become fully active until the warm, summer
period. The differences in the adaptation of the two species to various thermal
conditions may be accountered for by a different origin of these species. The
data mentioned above, indicate, in our opinion a specific distinctness of the
species discussed in the central Europe, despite only slight morphological
differences which has been observed ammong them.
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STRESZCZENIE

Autorzy zbadali dwa gatunki bliZniacze Chrysozona pluvialis (L.) i Ch.
hispanica (Szivn.) réznigce sie zabarwieniem spodniej strony odwloka, dla
ustalenia réznic biologicznych. Okazalo sie, ze Ch. hispanica (SzIL.) jest gatun-
kiem lepiej chronigecym zapasy wody w organizmie niz Ch. pluvialis (L.)
i dzigki temu jest bardziej wytrzymala na dzialanie temperatur dodatnich.

Aktywnodé lotu penetracyjnego Ch. hispanica (Szin.) wzrasta najsilniej
w przedziale temperatur 16-19°C, dalej utrzymuje si¢ na tym samym pozio-
mie. U Ch. pluvialis (L.) stwierdzono dwa progi aktywnogci, pierwszy (17-18°C)
wyzwalajacy aktywno$é umiarkowang, drugi (22°C), powyzej ktorego aktyw-
no§é¢ lotu tego gatunku wzrasta gwaltownie.

Dynamika liczebno§ci gatunkéw nie pokrywa sie calkowicie w czasie,
nie zachodza na siebie okresy rozrodcze.

Ch. pluvialis (L.) przez caly okres wystepowania zajmuje na terenie Puszczy
Kampinoskiej wszystkie §srodowiska, Ch. hispanica (SziL.) pod koniec okresu
wystepowania zajmuje frodowiska przejSciowe miedzy lasem a lakami.

Ch. hispanica (SzIL.) jest gatunkiem bardziej plochliwym niz Ch. plu-
vialis (L.).
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D34 P. Trojan, B. Wojciechowska 10

Roéznice dotyczace adaptacji ekofizjologicznych daja si¢ interpretowad
w Swietle danych o pochodzeniu obu gatunkéw. Ch. hispanica (Szin.) — gatu-
nek stepowy, prawdopodobnie wtérny mieszkaniec §rodkowej Europy, jest
przystosowany do zycia w warunkach wiosennych, przy slabej dostepnoseci
wody do picia; Ch. pluvialis (L.) — gatunek lesny, przystosowany do warunkéow
letnich i §rodowisk bogatych w mikrozbiorniki wodne.

Duze réznice biologiczne zaobserwowane miedzy oboma gatunkami pozwo-
lity na stwierdzenie ich odrebnogci, mimo malych réznic morfologicznych.

PE3IOME

ABTOpBI MCCIIE/I0BAJIH /1Ba OvYeHb Osmmskue supa: Chrysozona pluvialis (L.) u Ch. his-
panica (SzIL.) OTJIINYAIOIINECS] OKPACKOH HHMXHEH CTOPOHBI OpIOIIKA, /Ui YCTAHOBJICHUS
Ouoyoruuecknx paszmuunid. Okasanock yto Ch. hispanica (SZIL.) SBJISETCS BMIAOM JIy4llle
COXpaHSIIOIMM BoAy B opranusme 4em Ch. pluvialis (L.) v Gmaromapsi ToMy sBJISI€TCS
BUIOM 0oJiee TeIUIOYCTOHYHBLIM.

AXTHBHOCTB ToMckoBoro J€ta Ch. hispanica (SzIL.) yCUJIEHHO BO3pacTaeT B IpeieJie
temnepatyp 16-19 °C, nanmbie gepXutcs Ha ToOM caMoM ypoBue. Y Ch. pluvialis (L.)
KOHCTATHPOBAHO [Ba TpeAesbl aKTHBHOCTH, nepsbiii (17-18 °C), BbI3BIBaIOIMIA yMe-
PEHHYIO aKTHBHOCTb, BTOPOit (22°C), BBIIIE KOTOPOr0 aKTHBHOCTH JIETA 3TOTO BHIA PE3KO
BO3pacTaerT.

JluHamuka KOJMYECTBEHHOCTH BUJ/IOB HE TMOKDPHIBAETCS COBCEM BO BPEMEHH, NEPUO/IbI
Pa3MHOKEHHSI HE COBHANAIOT C CobOif.

Ch. pluvialis (L.) 4epe3 Bech MepHO BCTPEYaeMOCTH sBJIsIETCS B. KaMIMHOCKOM ILyIiu
BO BCex cpenax, Ch. hispanica (SzIL.) Ipy KOHIIE TIEPHOA BCTPEYAEMOCTH 3aHUMAET MECTa
NEPEXO/IHbIE MEXy JIECOM, a JIyraMHu.

Ch. hispanica (Sz1L.) siBiisieTcst BUaoM OoJiee myrimBeiM, yeM Ch. pluvialis (L.).

Pazmiuus B 5k0(U3HOTOrHYECKHX aJaNTAlHAX MOKHO BBISICHHTH HA OCHOBAHHM O MpO-
ucxoxaeHuu oboux Bunos: Ch. hispanica (SzIL.) — CTENOBBIl BU — 10 BCEHl BEPOSATHOCTH
BTOPDHYHBIH JXHJIEl LeHpajbHOi EBpombl, sBISETCS NPUCIIOCOOJIEHHBIM K XHU3HM B Be-
CEHHUX YCJIOBHSIX M INMpH ci1aboii BO3ZMOXHOCTH A00bIMM BOAbI misi muThsi; Ch. pluvialis
(L.) — JtecHO# BUI — MPUCTIOCOOJICHHBIN K JICTHUM YCJIIOBHSIM M K cpeiaM OoraTbIM ¢ Ma-
JIBIMH BOJIO€MaMH.

Bosbuwine 6nonornyeckue pasHUIbl HaOIrOJaeMbie MeX/y 0O0MMH BHAAMHU TO3BOJTHIIH
KOHCTAaTUPOBaTh HMX 00OCOOICHHOCTH TIOMHMO MaJbIX MOP(QOJIOTHYECKHX PA3JIUYHA.
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