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Tnstitute of Parasitology, Czechoslovak Academy of Beiences, Prague

MORNING DEPARTURE OF ROOKS (CORVUS FRUGILEGUS)
FROM THE WINTER ROOST

Zpentx AUBALEX
Reeeived July 2, 1976

Abstract: During eight winter geasons, 151 morning dispersals were observed of rooks
{Corvus frugilegus L.) and associated jackdaws (¢. monedula) at two communal roosta. The
birds departed in average 36 minutes before the local sunrise, and one minute after the beginning
of the loeal civil twilight (BCT). The apparent correlation in time between the birds’ departurs
from & roost {Tp) and BCT was analyzed in detail. Several factors were found which influenced
Tp: prineipal factor (dominant Zeitgeber) wea the light intensity (predetermined by BCT and
the eloud eover); major modifying faetors were precipitation, relative humidity of air, and season
(day length); minor modifyving factors were air tempersture, gnow cover, snd the atmospheric
pressure inerease overnight. An empirical formula has been proposed for the estimation of the
probable time of departure of the birds from a winter roost in the area examined,

INTRODUCTION

The rooks wintering abundantly in Czechoslovakia have their breeding
areas in central parts of the European U.S.5.R., mostly eastwards of Moscow
between 52—57°"N and 37—53° K (Jirsik, 1955; Barus et al, 1972;
Ringing Reports of the Czechoslovak Ornithological Society); they arrive
o Cz}?ehoslovakia, during October/November, and depart predominantly in
March.

In the winter areas, circadian movements of rooks (i.e., the morning
dispersal from a communal roost to feeding places, the movements within
the trophic area, and the afternoon return to the roost) were studied by
Zdobnitzky (1907), Sedivy (1949), Gramet (1956), Porath (1964),
Rappe (1965), Watson (1967), Heitkamp (1970), Riggenbach (1870),
Grodzinski (1971) and Rothganger (1971).

In this study, the onset of the morning dispersal of the rooks and as-
sociated jackdaws from two communal roosts has been observed and various
variables have been evaluated which could determine the time of the de-
parture.

METHODS

Rooata. Two winter roouts were seleeted and the cbservetions of the bird departure were
made during November till Me&'* h in 1966/67 through 1%73/74.

Roost A waa located near Zidlochovice {49°01° N, 16°39" E) at 180 m above ses level in an
alluvial forest {Popuius nigre, Frozinus excelgior, Ainus glutinosa, Saliz spp., Quercus robur;
the trees were 10 to 23 m high, and a dense shrub stratum was composed of Sembucus nigra)
on the right riverside of Svratks. This roost persisted for at least 70 years, and it was utilized
by 30,000 to 100,000 of reoks and jackdaws {about 10-—159% of the total estimates) in the
individual winter seasons under investigation. Ninety-five cbservations were performed of the
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morning dispersal of the birds from this roost in the course of 8 winter seasons 1986/87 through
1973/74.

Roost B was located near Vysoké Myto (498°68° N, 16°08° E) at 310 m above sea level m
a spruce {(Piceq excelsa) forest with infrequent Quercus robur, Larix decidua, Fagus silvanin
(the trees were 20 to 25 m high) and a dense shrub stratum (Sambucus nigre predominantlyl
Fifty-six observations were made at this roost 1n the seasons 1966/67 and 1867/68 when the totsl
estimates of the birds using the roost were 19,000 and 11,000, respectively (about 109%, of jack
dawsa mecludad).

Time of departure {Tp) of the birds waa the instant when the first rooks flied away from
the roost in & direction to feeding areas.

Astronomical data were read from astronomical tables {(Boudks et al., 1966—10%4)

The local sunrise time {Ts) was ealeulated for individual localities and days according toth
formuls:

Ty = Tg' + dy. de -+ 4dy

where: Tg, the local sunrise time (jn Mid-European Time) in & given locality with gecgraph®
coordinates {&; @)
Ts', the tabular value of the sunrize time (M.E.T.) for A" = I5°E, ¢’ = 80° N
dy. 8 correction for solar declination 8;

5 °): 0 +4 48 +12 +18 + 20 +i
dy (min.): 0 F1 F2 T 2 F 3 T 4 T8
dy = @ - B0°0D"
dy = 15°00° — x.

The beginning of eivil twilight (BCT) is the instant when the true geccentrieal zenith distant®
of the central paint of the solar disk is 96° (solar depression 6°). Total duration of the eivil twilight
was extrapoled from Table 12 in Makelk {1921) for individual localities and days, and subtraotd
from the local sunrise time,

The “'eivil day’’ length is the interval between BCT and the end of the local civil twilight
(after sunset).

The moon phases were read from the atronomiecal aphemeris.

Metearclogical data. Weather variables were followed 30 minutes befure the Ty (unles
otherwise indicated), and compared with the data read at 7 h a.m. in close metoorological stativn
of the State Hydrometeorclogical Institute, The various data include: Air temperature (mercwy
thermometer); air relative humidity (hair hygrometer); atmospheric pressure (read at 7 h, sad
recalculated for sea level); the change of atmoszpherie pressure between 9 h p.m. of the preceditd
day and 7 h 8.m. of the day of observation; atmospherio visibility {fogginess); cloud cover [ib
tenths); sky illumination at the Ty (light intensity measured by a calibrated photoelectril
exposimeter directed vertieally to the sky); wind speed and direction; precipitation; present
of snow cover and hoarfrost.

A ealibration of the exposimeter was performed by luxmeter Metra, and the corregpondinl
values were;

Exposimeter relative values: 1.0 2.0 3.0 4.0 5.0 6.0 70
Lux: 42 65 115 200 365 740 17
RESULTS

In all, 151 morning departures of the rooks and associated jackdaws from
their winter roosts were observed (the roost A: 95 cases; the roost B: 56 cases)
during 1966 till 1974. The birds departed in average 36.1 minutes befor
the local sunrise (Ts), and 1.4 minutes after the beginning of the local civil
twilight (BCT). The apparent correlation in time between the departure of
birds from the roost (Tp) and BCT was analyzed in detail. It was revealed
that the precipitation delayed the dispersal of the birds markedly (Fable ).
Moreover, the cloud cover and the light intensity at Ts (two interrelated
variables) were other even more important factors which determined T
(Table 2). The measurement of the light intensity of the sky is a moe
objective method than the estimation of the cloud cover. A graphical
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Table 1. Differenod between the time of rooks’ departure from the roost (Tn) and the beginning
of the local civil twilight (BCT)

JE—

The difference Tn-BCT (in minutes)*)

-
nflr,:;m Averago gz:?[if:zﬁ St::::_.rd Range of values

(%) {s) of (1:}:)3“ Minimum Maximum
All observations 151 +1.41 +7.90 +4-0.65 -—14 + 22
Days without precipitation 127 —.44 +6.64 +0.59 —14 -+ 19
Days with precipitation 24 +11.21 +5.81 +1.1% 0 +22

*} +, Tp later then BCT
—, Tp before BCT

presentation showed a linear dependence of the difference (Tp — BCT) on
the light intensity at Ts; the regression equations are shown in Table 3
{the days with precipitation excluded). The question arises if the delay
in the birds’ departure observed on days with precipitation (see Table L)
was not caused by overcast conditions in such days. An analysis is given
in Table 4 which demonstrates that precipitation influenced negatively the
relative departure time of the birds regardless of the cloud cover. Rainfall
caused a delay of Tp more efficiently than snowfall (about 6 minutes against
4 minutes, respectively).
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Table 2. Cloudiness 30 minutes before sunrise, the light intensity at the time of loeal sunrise,
and the difference between Tp and BCT
(The days with precipitation not included in this table)

Cloud cover — in tenthas: 0—2 2.6—5 6—8 9—10 10 10
dense
No. of observations 26 22 24 19 26 10

Average difference
Tp-BCT in minutes*) —6.5 - 4.6 —1.8 -+1.3 -+ 5.7 + 8.6

Light intensity at sunrise

{exposimster values): > 6.5 5.8—6.5 8.0—5.7 4249 3.6 4.1 < 3.6
Lux: > 1100 600—1100 350—600 220350 150220 = 16§
No. of observations 28 27 14 22 22 13
Average difference

Tp-BCT in minutes*} —b6.5 -—4.0 -—1.6 +2.2 +- 5.0 +7.8

Remarks: Ty, the time of departure of the birds from a roost BC'T, the beginning of the loeal
aivil twilight
*) ,,+*, Tp later than BCT
w—"; Tp before BCT




Table 3. Regression of the difference Tp-BCT on the light intensity at the local sunrise
{The days with precipitation excluded)

Eqguation (1) Equation {2}
The regreasion equation*) y = 21.356 — 4.21x; y = 3744 — 14.31x;
Standard deviation (sy,z) + 3.580 4 3.841
from the regression:
Standard error (sp) of the
regression coefficient: 4+ 0.2757 + 0.96086
Fiducial limits {1:.2) of the —4.75 — 16.21
regression coefficient — 3.66 — 12,40
for P = 0.05:
Significance of the regression 15.26 14.89
{t-value): P < 0.001 P < 0,001

*) ¥y = Tn — BCT {minutes)
x1, the relative exposimeter valuos of the light intensity of sky at the local sunrise
xp 1g] ¥
xa, the logie lux values of the light intensity of sky at the local sunrise

Two important factors determining Ty, were so revealed (light intensity,
precipitation), and an analysis of other variables is presented in Table &
The relative delays or accelerations one minute or less against the values
expected (on the basis of the light intensity at Ts in respective days) could
not be considered as significant. Therefore, the factors which delayed Thp

Tabls 4. The influence of precipitation on Tp

Average Expected
Average light intensity  difference The relative
Days with No. difference at sunrise — Tn-BCT delay of
of observations Tp-BCT {minutes) according to departure
{minutes) exposimeter  the regression (minutes}
values x4 . 1)
No precipitation;
cloud cover 1010,
x; < 40 24 + 6.9 3.42 +7.0 —0.1
Snowfall i1 + 81 3.81 +40.3 3.8
Rainfall
or drizzle 13 +13.0 3.46 +6.8 6.2
Precipitation
altogether 24 +11.2 3.62 +8.1 5.1




Table 5. The influence of various variables on Tp

(The days with precipitation not included)

1 2 3 4 5
’ Average Expected .
Average light. difference dI;;l;t:‘f)
Yo. of difference intensity To-BCT o celer.
observations Tp-BOT at suorise  aceording .. (—) of
{minutes) (exposimeter to equation Tp (minutes)
values) {1}
Roost location
1) Roost A 83 +0.5 4.99 +0.3 +0.2
2) Roost B 44 —1.1 5.43 —1.5 +04
Air relative humidity
1) More than 95% i1 +1.4 5.52 —1.? +3.3
2) 91 to 959, 47 40.3 5.16 —0.3 +0.6
3} 86 to D09, 24 —2.2 5.50 —1.8 —04
4) 81 to 859, 19 —0.1 4.52 +2.3 —2.4
5) 76 to 809 13 —28 5.39 14 —1.4
6) less than 769 7 —06 5.58 —21 +1.5
Atmospheric visibility
1) Lessthan 300 m 18 +2.2 5.14 —03 +2.5
2) 300 to 1600 m 15 +1.3 4.88 +0.8 +0.5
3) 1000 to 3000 m 39 +0.4 5.02 +0.2 “}' 8.2
4) 3000 to 5000 m 20 —2.2 B.75 —2.8 +0.9
5} more than 5000 m 26 —1.7 4,97 +0.4 —2.1
Air temperature
1) Less than —8°C 7 —1.7 5.16 —0.4 —1.3
2) —8to—5°C 14 —35.1 5.95 —3.7 —1.4
3) —4.5te—2°C 38 —1.8 5.56 —2.1 +0.3
4) —1.5t0 +1°C 35 +1.0 4.84 +1.0 0.0
&) +1.3ta +5°C 27 +3.8 4.46 +26 -5-0-9
6) more than +5°C 6 + 3.0 4.08 +4.2 +1.2
Snow cover
1) continuous 30 —2.3 5.23 —0.7 ~—1.6
2) diseontinusus 25 4-0.8 4.73 +1.4 ~—40.6
3) absent 7 +0.4 5.13 — 0.2 +0.6
Hoarfrost ‘
1) present 19 —4.3 6.28 —5l +0.8
2) absent 108 +0.7 4.91 +0.7 0.0
Atmospheric pressure
1) 780 to 758.5 torr 16 —1.8 5.47 —1.1 +40.1
2) 756 to 761.5 torr 34 +4-0.2 5.28 —0.9 +1.1
3) 762 to 767.5 torr 33 —0.1 4,92 +0.6 —0.7
4) 768 to 773.5 torr 30 +0.1 5.11 —0.2 +03
5} 774 torr and more 13 —0.9 5.18 —0.8 —0.4

(continued)



Tahble 5 — eontinued

The pressure change overnight

1) at least —3 torr (deer.) 18 +0.2 4.89 +0.8 —4.0
2) —1 to —2.5 torr 29 —0.9 5.24 —0.7 ——0.2
3) —0.5 to 41 torr 39 +0.3 5.20 —G.5 -+ 0.8
4) +1.640 43 torr 22 —1.1 5.23 —0.7 —04
6) ot least + 3.5 torr finer.) 12 —2.9 5.38 —1.2 —L.i

Wind direction

1) WioN 51 —0.2 5.10 —0.1 —01
2) NNE to E 21 —d.4 5.90 —35 —09
4) SEE to 8 34 +0.9 5.03 +0.2 +0.7
4) S8W to WSW 16 +3.4 4.79 +1.2 +22

Wind speed (Beaufort’s degrees)

1) 0to 0.5 13 +4.1 4.24 136 06
2) 1to 1.6 32 —1.5 5.48 —1.9 +0.2
3) 2to 3 48 +0.2 5.16 -—0.3 +-0.5
4) 3.8 to 4.5 21 —{L7 §5.20 —.5 —02
5) bto b 16 —0.5 5.24 —0.9 +10.2
Sesson
1} November 2t —1.4 iirL ] —3.0 +1.4
2) December 40 0.0 5.02 +0.2 —.2
3) January 27 +0.7 4.90 + 07 0.0
4) February 30 —0.6 5.07 0.0 —04d
5) March ] 4-2.9 5.18 —0.4 433
“(ivil day” length
1) 574 minutes or lesa 31 —1.3 5.18 —0.4 —0.9
2) 575 to 594 min 28 +0.6 5.07 0.0 + 0.6
3) 595 to 619 min 19 +1.6 4.69 + 1.8 —il
4) 520 to 849 min 14 —3.4 8.01 —4.0 +08
5) 650 to 689 min 15 —0.3 §.31 —1.0 -+ 0.7
8) 690 minutea and more 20 +20 4.92 + 0.6 1.4
Moonlight in the morning
1} moderate to strong 10 —5.9 §.35 —6.2 + 0.4
2y woak 21 —2.2 5.55 —2.0 —0.2
3} absent 98 +0.8 4.93 +0.6 +0.2
Moon phase (the day of a lunation}
1} 26th to 3rd day 35 —0.9 5.11 .2 —0.7
2) 4th to 11th day a7 —1.3 557 0 e 21 +0.8
3) 12th to 17th day

(full moon) 23 +2.0 4.86 +0.9 +1.1
4) 18th to 25th day 32 +0.8 4.94 +0.6 +0.2

were: high relative humidity of air (43 min), presence of fogs (--2.5 min),
high air temperature (-}-1.5 min), southern winds (-2 min), long day
(+1.5m), November (+1.5 min) and March {-3.5 min) periods. On ths
other hand, the factors accelerating Tp were: r.h. between 76 and 859
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{—2 min), high accelerating Tp were: rh. between 76 and 85%, (—2 min),
high atmospheric visibility (-2 min), continuous snow cover {— 1.5 min: that
causes a higher light intensity through an efficient light reflection and dis-
persal), a rapid increase of atmospheric pressure overnight (— 1.5 min), frost
{—1.5 min}. The variables with negligible or no significant influence on the
relative Tp were: hoarfrost, actual atmospheric pressure, wind speed, moon

Table 6. Seasonel changos of the difference Tp-BCT as related to the eivil twilight duration (CT)
on clear and cloudy days

Months: November  December January February March

Average CT at 50°N
(minutes) 38.5 a8 37 34 32

Average Tp-BOT (in minutes) on:
1) clear days:

—6.8 —--4.5 —f.4 —4.8 —1.5
2) cloudy days: +6.2

+4.5 +5.2 + 8.2 +8.0

phases, moonlight in the morning, and the roost location. Several variables
were found to be interrelated: e.g., atmospheric visibility with the relative
humidity of air, wind direction with air temperature, season (month) with
air temperature. Uninterrelated were, for example, snow cover with r.h. of
air, or month with wind direction.

It may be concluded from this analysis that there are several factors
influencing the time of departure of rooks from their roosts:

1) Principal factor: light intensity (that is predetermined by the solar de-
pression and the cloud cover); E

2) Major modifying factors: precipitation, relative humidity of air, season
{day length);

3) Minor modifying factors: air temperature, snow cover, and the atmos-
pheric pressure increase.
An attempt is possible to construct an empirical formulg for the estimation

of the probable time of departure (T'p) of the rooks from a winter roost in

the area investigated:

9
T'p = BCT + X €
i=1

where: BCT, time of beginning of the loeal civil twilight

C,, the empirical eorrection terms (in minutes):

C1,  cloud eover at BCT: (in tenths): 10 (denge): --8.5: 10 (rmoderate): < §.6; 10 (thin):
+4; 8 41.5; 8: —0.5; 7: —2; 6: —3; b: —4; 4: —5; 3: —6.5; 2: —6; 1: —6.5;
0: —T.

Cz, snow cover: eontinuous: —1.6; diseontinuocus: —0.5.

Cy, precipitation: rainfall or drizzle: +6; snowfall: +4.

Ci, relative humidity of air: mere than 959,: +3.5; 91—969%,: +1; 76—85%: —2.

Cs, atmospheric visibility: less than 300 m: + 2; more than 5,000 m: —2.

Cg, air teraperature: below —6° C: —1.5; —1.5° to +86°C: +1; above +86°C: + 1.4,

Cz, the atmospheric pressure inerease overnight: at least 3.5 torr: —1.5.

Cy, wind direction: SEE, SE or 8: - 1; WS, SW or SWW: 2.

Cy, month: November: 4 1.5; March: 3.5,



A comparison of the differences between the time of the bird departure
expected (T;) and observed (Tp) has shown in 146 cases tested that both
values are in a good accord: Average difference has been 0.58 minutes
(Tp later than Tp), maximum differences have been - 8.5 minutes, standard
deviation of differences s = -+ 3.33 min, and standard error of mean difference
4 0.28 min. A further improvement of the empirical forraula is therefore
possible by adding a correction term —0.5 (minutes).

DISCUSSION

Tp and sunrise

The time of departure of rooksf/andfor jackdaws from their winter roosts
was foolowed by Zdobnitzky (1907), Aschoff and v. Holst (1958),
Lint (1964) and Grodzinski (1971): they all observed Tp about 15 to
50 minutes (average 30—35) before sunrige, the finding being in a good
agreement with the present results. Moreover, Aschoff and v. Holst (1958)
showed a close correlation between Tp of jackdaws and the beginning of
civil twilight (BCT) during a winter season. This correlation has been con-
firmed in the case of rooks in this study, to0.

In Sturnus vulgaris, Tp was established approximately at sunrisc (W ynne-
Edwards, 1929/30; Eastwood et al., 1962; Bohnsack, 1968). Buteo buieo
and B. lagopus had their average Tp 42 and 25 minutes before sunrise,
regpectively (Schuster, 1949; Schnell, 1969). Also in many other bird
species, the diurnal activity was observed to start before sunrise: Turdus
merula 43 min, Emberiza citrinelle 39 min, Passer domesticus 29 min, Perdiz
perdiz 26 min, Phylloscopus trochilus 26 min, Parus major 22—25 min,
Dendrocopos major 9 min, ete. (of. Hinde, 1952; Scheer, 1952; Groebbels,
1956; Aschoff and Wever, 1962: Schubert, 1967, Konradt, 1948
Blase, 1971).

Tp and the sky illumination

The cloud cover and the light intensity are interrelated factors and were
found by majority of observers to be of great importance for the beginning
(or end) of the diurnal activity of the birds. As a rule, clear sky accelerated
Tp (or the beginning of activity) by about 10 to 25 minutes and it delays
the end of activity against the days with overcast conditions for example
in Corvus frugilegus (Zdobnitzky, 1907), C. monedula (Aschoff and
v. Holst, 1958), Sturnus »ulgaris (Cernjr, 1959; Schoennagel, 1959;
Zedler, 1965; Hamilton and Gilbert, 1969), Turdus merula (Hoyder,
1933; Grimm, 1957), Emberiza calandra (Gyllin, 1967), Aegithalos caudatus
(Paechnatz, 1936: Brehme, 1970}, Delichon urbica (Kareila, 1961), Passer
domesticus (Konradt, 1968), Galerida crisiata (Kriiger, 1970), Motacils
alba (Rappe, 1060), Larus ridibundus (Figala, 1956, Helbig and Neu-
mann, 1964), Lyrurus tetriz (Lind, 1961), Buteo buteo (Schuster, 1049),
In this study, the average difference between the relative Ty of the rooks
on clear against cloudy days has been about 15 minutes.

Schwan (1921/22) used a term “Arthelligkeit-" which means that the
beginning (or end) of the diurnal activity of each hird species starts (ends)
at a specific value of the light intensity. For example, the average light
intensity at the time of the activity onget of Corvus monedula was 3 lux
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(Aschoff and v. Holst, 1958), Emberiza citrinelle 2.4 lux (Blase, 1971),
Melospiza melodia 2 lux (Nice, 1943), Parus major 1.5 lux (Kluijver, 1950),
Nycticorax nycticorax less than 1 lux (Hanzak, 1970), Phylloscopus trochilus
25 lux (Schubert, 1967), Sturnus vulgaris 50—200 lux (Nice, 1935; Bohn-
sack, 1968).

Clear sky caused a decrease of the light intensity at the time of the diurnal
activity onset of Corvus monedule (1.2 lux vs. 5.5 lux on cloudy days:
Aschoff and v. Holst, 1958), Emberiza citrinella (2.2 vs. 4.1 lux: Blase,
1971) and other species (Groebbels, 1956).

Tp and season

However, the characteristic light intensity of a bird species is not constant
in the course of a year. In general, the “Arthelligkeit’ is in winter markedly
lower than in summer in many species of birds. Aschoff and v. Holst
(1958) established Tp of jackdaw approximately at BCT in winter season,
whereas the bird departure in summer was at the time of a higher altitude
of sun (ie., later than BOT). The duration of the bird activity (’bird day”)
was identical with the “‘civil day’’ length in winter while it was about
90 minutes shorter than the civil day length in the summer season. The
average light intensity at Tp was in winter about 3 lux, and a steady increase
of this value was observed from early April up to 70 lux in June; a decrease
was marked again from the middle October to the winter values. Bohnsack
(1968) ascertained that the average sky illumination at Tp of Sturnus
vulgaris was 50 lux in spring, 50—5,000 lux in summer, and 50—200 lux
in autumn, and an analogous relation was shown by Zedler (1965). Ha-
milton and Gilbert (1969) observed an earlier departure of starlings
relative to sunrise as the winter days shorten. Lehtonen (1947) and Hinde
(1952) observed in Parus major that its activity onset relative to sunrise
delayed by 3 to 20 minutes in March compared with January. The lowest
annual “Helligkeitsschwelle” in winter was established also in Emberiza
citrinelle (Blase, 1971), Passer domesticus (Konradt. 1968) and Lyrurus
tetriz (Liind, 1961). Palmgren (1949) observed that the beginning of activity
before sunrise increased in caged Erithacus rubecula from 50 minutes in
Qctober to 65— 70 minutes in December, and decreased thereafter to about
50 minutes in March. In an experiment of Aschoff (1965), Carduelis chloris
and Pyrrhule pyrrhula started their activity relatively later and roosted
earlier with an increasing length of light-time (L); the light intensity at the
times of awakening and roosting became brighter when L was lengthened.
This activity pattern is an experimental support of all the mentioned field
obgervations and it is also in accord with the relative delay of the rooks’
Tp established in this study during the months March and November, i.e.
in the months with a relatively longest I. of the season examined. Aschoff
(1969) has shown that the duration of the diurnal activity (a) of the birds
follows L in the course of a year to a limited degree only: when a day becomes
very short, « is relatively greater, and v.v. Intrinsic components of an
organism work therefore as a certain “buffering system™, and the changes
of o are lesser than the variability of L.

Tp and other abiotic factors
Rainfall or heavy fogg caused a delay of I'n (or a speed-up of Ta, the time of
arrival of birds to a roost) in Corvus frugilegus and €. monedule (Zdob-
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nitzky, 1907; Gramet, 1956; this study), Sturnus vulgaris (Zedler, 1965),
Aegithalos caudatus (Brehme, 1970), Galerida cristate (Kriiger, 1970), En.
beriza citrinelle (Blase, 1971), and other birds (Scherr, 1952) Snowfall
played the same role in the diurnal activity of Galerida cristata (Kriiger,
1970).

Gramet (1956) observed a relatively earlier T4 of rooks if the winds were
strong, and the Ta was delayed in the days with frost and continuous snow
cover, Inversely, Kuroda (1961) marked an earlier roost return of Sturnus
cinerens in correlation with rising ambient temperature. The temperature,
however, is a relatively very weak factor in the diurnal rhythms of the
locomotor activity of birds: only when the temperature fluctuation is high
enough, it can influence the periodicity (Hoffmann, 1970). Pohl (197])
showed experimentally that a frost (—10° C) accelerated the beginning of
the locomotor and feeding activity in Fringilla coelebs and F. montifringilla
by about 10 minutes against the temperature of 4-20° C,

Tn and biotic faetors

Many adverse environmental conditions (low temperature, snow cover,
ete.) cause higher feeding demands of the birds. Kuroda (1961) observed
shorter feeding days in Sturnus cinerens when food was abundant. Hamilton
and Gilbert (1969) proposed an “optimum efficiency hypothesis” in this
connection: Any condition favorable to energy gain or conservation induces
the roosting population to abbreviate foraging actions. The influence of food
on periodicity of the diurnal activity of birds has been presumed also by
Hanzdk (1970) and Kriiger (1870),

Two social factors influencing Tn were found by several authors: the
number of roosting birds, and their acoustic signals. Bartholomew (1943}
observed an earlier Tp of cormorants when their number on a roost was
higher. Blase (1871), however, mentioned only a docrease of the temporal
interindividual variability (or a better synchronization of Tp) when the
number of roosting Emberiza citrinella was higher. Acoustic synchronization
of rooks and jackdaws shortly before Tp was noticed by Zdobnitzky
{1807}, Gramet (1956), Aschoff and v. Holst (1958), and of many other
species by Schwan (1920), Scheer (1940) and Kareila (1961). Under
constant experimental conditions, Gwinner (1966) demonstrated a syn-
chronization of the locomotor activity of Carduelis spinus and Serinus serinus
by play-back of the specific songs from tape-records.

Circadian rhythms (CDR)

According to a definition of Sollberger (1965), CDR is an endogenous
rhythm with external correlates, where the natural period (19—29 hours)
approaches that of external periods. It is obvious that the capacity of an
organism to follow external rhythms would enhance the survival potential
of the species.

The awakening of birds and other organisms is due te intrinsic stimuli —
“internal clock”. It was shown repeatedly that CDR of the birds’ activity
persist even under constant experrmental conditions for a long period with
their own spontaneous frequency (Aschoff, 1955, 1958; Aschoff and
Wever, 1966) — that means that endogenous factors are responsible for
the CDR. The beginning of locomotor activity (e.g., the Tp in this study)
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or its end are, however, influenced to a certain extent by exogenous factors
called by various authors timing factors, synchronizers or zeitgebers (ef.
Aschoff, 1954, 1858). The best recognized synchronizer is the diurnal light-
-darkness periodicity. The synchronizers are of various types (Sollberger,
1965): dominant (light-darkness), weak (mainly biometeorological influences)
or subtle (cosmic radiation, etc.). Latent synchronizers can substitute the
dominant Zeitgeber when it it absent or inexpressive (Aschoff, 1954, 1958,
1969). Besides abiotic zeitgebers (LD ecyele, humidity and temperature
periodicity, etc.) there are also biotic ones (acoustie signals, feeding).

A very useful and heuristic hypothesis has been to compare CDR with
oscillators (Pittendrigh and Bruce, 1957; Pittendrigh, 1965; Winfree,
1967; Pavlidis, 1969; Pohl, 1971). CDR is considered to be a self-sustained
oscillator which oscillate in constant conditions with its own spontaneous
frequeney. When the circadian oscillator becomes entrained by a periodic
factor in the environment (synchronizer), the steady state is characterized
by a distinet phase-relationship between the two oscillations (phase-angle
difference: Aschoff, 1965; Aschoff and Wever, 1966) which depends on
the ration of the natural frequency of the circadian oscillator to the frequency
of the Zeitgeber. The interaction of the endogenous and exogenous rhythms
(and the competition among the second ones) is of a very complex nature
fef. Aschoff, 1958; Wever, 1965, 1966; Winfree, 1967; Hoffmann,
1970). The organism can be treated as a * variable frequency transformer”
which can derive its own periods from environmental signals with diffe-
rent periods (Brown, 1965; van Laar 1970). However, the exogenous
factors can be aperiodie, too. According to Brown (1965), the autophasing
is a typieal sign of CDR, which means a general mechanism for transfor-
ming a geophysical periodic input (Zeitgeber) into a circa-periodic output.
Scllberger (1965) supposes a cybernetical basis of CDR with the main
system components: input — transducer — output — feedback. The
feedback can be positive or negative and it accomplishes a homeostasis
of the CDR. A living organism’s body act in this sense as a transducer with
an environmental input (signal), the output being the modulated rhythm.

An important feature of CDR is a variation of the sensitivity of organisms
to a Zeitgeber (Biinning, 1958; Aschoff, 1954, 1969; Menaker and Eskin,
1967) in the course of a day, a year, a life of an organism, etc. The locomotor
activity of the birds, for example, starts at a lower light intensity (the
sensitivity is greater) in winter than in summer (see above).

Wever (1965, 1966) constructed a mathematical model for CDR and on
this basis a prediction was made that the twilight duration may be a Zeit-
geber. This hypothesis was confirmed experimentally in 3 species of Frin-
gillidae (Wever, 1967): the longer was the twilight period, the earlier oe-
curred the activity relative to the Zeitgeber. The duration of civil twilight
(CT) in November through March varies from 32 to 39 minutes at 50° N.
In accord with Wever’s hypothesis, these changes could be responsible
(at least partly) for the seasonal variation of the difference Tp — BCT
observed in this study. On clear days, the relative acceleration of Tp was
most pronounced in the period of the longest CT (December). Overcast
days, however, did not show such a clear trend of the T, — BCT difference
to follow the changes of the CT duration during the winter season (Table 6).
On the other hand, this comparison might indicate that the sun ecliptic
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angle with the horizon (solar inclination) before BCT could affect the Tp —
— BCT difference: the smaller this inclination, the longer is the CT duration
and the longer can stimuli of a low light intensity influence the resting
birds. This more long-lasting action of the sub-optimal radiation could result
in a relative acceleration of Tp.

Information canal for the light is the retino-hypothalamic tract (optico-
-endocrine control of the CDR) in vertebrates (cf. Nalbandov, 1962)
However, the localisation and general function of the timing mechanism in
organisms still remains a question (van Laar, 1970). The periodic physio-
logical changes are attributable also to lower organisms including unicellular
ones, therefore the view of Pittendrigh (1965) seems to be reasonable that
“biological clock™ is an intrinsic property of the cellular construction as
a whole. One of the cellular bases for the timing might be the RNA synthesis
because its inhibition due to the selective action of actinomycin D distorts
the rhythms (van den Driesche, 1973).
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Abstrect: Rooks and jackdaws were counted passing over an observation point disstanced
21 km from a communal winter roost. QObservations were made on 50 mornings during 4 winters.
The first bird arrived in average 8 minutes before local sunrise, and the time of arrival was
markedly influenced by the cloud cover and wind direction, The altitude of the flight was 5 to
200 {usually 15 tc 30) m in dependence on the wind direction and speed. The cummulative
temporal curve of the numbers of the passing birds was described by a logistic equation. Fifty
per cent of the birds flow over in average 16 minutes after the beginning of the morning passage,
and about 85%, of the birds passed in the first 30 minutes. Analysis of variance showed alength-
ening of the flight duration on the mornings with the snow cover and with the winds opposing
or perpendicular to the normal flight direction. On the days with a moist ground, the movemsnts
lasted ghorter.

INTRODUCTICN

Circadian movements of wintering rooks (Corvus frugilegus L.), jackdaws
(C. monedula 1..) andfor crows (C. corone L.) from a communal winter roost
to the feeding areas and vice versa were observed by many authors (Zdob-
nitzky, 1907; Sedivy, 1949; Gramet, 1956, Aschoff and v. Halst, 1960;
Porath, 1964; Lint, 1964; Rappe, 1965; Watson, 1967; Konstantinov
and Andreev, 1969, Heitkamp, 1870; Riggenbach, 1970; Grodzinski,
1971 and Rothganger, 1971). However, various quantitative features of
the regular morning and evening flights have not been studied sufficiently.

The morning passage of the birds was selected for the purpose of this study,
because it is much more regular in time and shorter than the evening return
to the roost (Gramet, 1956; Lint, 1964; Grodzinski, 1971). Numerous
environmental variables have been evaluated statistically which could
influence the pattern of this morning flight of rooks and jackdaws from
a winter roost.

METHODS

Observations were made on 50 mornings (foggy days excluded) during 4 winters {November
to February — 1966/67, 1970/71, 1971/72, 1972/73) from & building in the town Brno, Czecho-
slovakia (49°12°20" N, 16°36°30" E) at the elevation 280 m ahbove sea level. The winter roost
of the birds was distanced 21 km from this observation post in SSE direction, near Zidlochovice
(49°00°45" N, 18°39'20” E) at 180 m above sea level (for the description of this roost, see Hubé-
lek, 1978). In the varicus winter seasons under investigation, the roost was utilized by 30,000
to 100,000 of rooks and jackdaws (the second species composed about 10—159% of the tota:
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estimates). The terrain between the roost and the chservation site varies from fat o puilf
rolling, with several hrted groves and groups of trees, and human settlements. Reguiarn
spections were made of the area between the roost and the observation point, but no other wes
of these birds was found in the periods of observations.

The observations continued for 120 minutes following the arrival of the first bird, aud e
birde {rooks and jackdaws — jackdaws composed usually about 109, of the total riamber of b
birds) were counted in 5 min itervals passing in the direction (with a deviation of 4 20° inn
the roost over a constant area 200 x 250 metres i front of the building where observatons wn
made,

Weather variables were observed 20 min before sunrise. The instant of the local sunnse w
computed from the astronomical ephemeris (ef. Hubdlek, 1978).

RESULTS

The average flight speed of the dispersing rooks was 45—50 km/h, and th
distance between the roost and the observation point was covered by ti
nonstop flying birds in about 30 min under calm conditions accordmgm
repeated observations. The first bird arrived at the observation peii
average 7.8 min before the local sunrise (8 = + 8.3 min, sx = -+ 1.2 un}
and the range of the 50 arrival values fluctuated between — 25 min (befire
sunrise) to +9 min (after sunrise). Cloudiness determined significatl
(P < 0.01; t-test) the mean arrival time; on overcast days, the first bird v
observed in average 2.9 min before sunrise, on partly cloudy days 9. mm,
while on clear days the mean arrival time was hastened to 14.7 min befo
the local sunrise. Another important factor determining the arrival time v
the direction of wind. Average arrival of the first bird on mornings with tie
following wind or calm was 14.1 min before sunrise, whereas in the mormig
with the winds perpendicular or opposing to the normal direction of the i
flight it was 3.2 and 3.4 min, respectively. An estimation of other envine
mental factors influencing the arrival time of the first morning rook hasmt
been performed because a more appropriate set of data was collected for ths
purpose by observing the time of departure of the birds directly at the nu
in another study (Hubélek, 1978).

The birds flew in scattered flocks, small gronps or single individuals (s
described also by Aschoff and v. Holst, 1960; Heitkamp, 1970; Grod:
zinski, 1971) 5 to 200 m above the observation area, with the most frequet
altitude of flight 15 to 30 m (Zdobnitzky, 1907: 5 to 300 m; Heithamp
1970: 20 to 50, rarely up to 200 m). The low-passing (5—10 m) birds v
observed on the mornings with marked opposing winds, whereas on the dp
with the following winds, the birds flew very high over the area (50 to 20m
A similar pattern was ohserved in migrating birds of various species by Inr
derer (1967), and it indicates that the flying birds in general search forth
air currents with an aerodynamic optimum. The velocity of the air lamm
flow is namely the lowest near the ground and it increases with the growy
altitude. Under strong perpendicular winds, the bird flight was very irreqil
both in direction and speed, and the normal flight lines of dispersing birk
were sometimes shifted to other areas in such days.

The average duration of the morning passage of majority of the birds m
about 40 min (Grodzinski gives the figure 25—45 min): 509, of the bk
flew over in average 15 min after the beginning of the flight, and abu
859, of rooks and jackdaws passed in the first 30 min. Figure 1 showsti
average number of the “north-flying” birds over the area in 5-min intervih
{Frequency curve) and average cummulative number of birds from the ol
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Fig. 1. Average frequency and cummulative curves of the morning pasaage of rooks and jackdaws
(50 observations). A — frequency curve, B — cummulative curve. X — minutes after first the
north-flying bird, Y4 — number of passing birds per §-min intervel, ¥Yg — number of birds from
the onset of the passage, N, Txa, Ttm, Tn — various guantitative characteristics of the passage —
ef. Results for explanation.

on the morning passage (Cummulative curve). The cummulative curve was
approximated by the exponential equation (a variant of the logistic curve):

n = 180 1 483 tgh 0.05 (¢t — 9),

where n is the cummulative number of birds passing over the area in the
time ¢ (minutes) from the beginning of the morning passage, and tgh is
tangens hyperbolicus. Average difference between » observed and »n com-
puted (absolute values) at individual 5-min intervals over the 120-min
obsegvation period was 5.3 specimens which indicates a relatively very good
approximation.

Table 1. Characteristics of the passage eurve (50 observations). The symbols explained 1n the text

N 9, N/30m T2 Ttm Tn
(specimens)  (percent)  {minubes) (minutes) {mmutes)
Average (%) 666.2 84.6 14.9 16.5 23,1
Minimum 122 56 7 & 12
Maximum 1328 98 28 40 40
Standard deviation (s) + 306.89 4 10.21 4 4,97 + 7.45 +6.12
Standard error (sx) + 43.40 + 1.44 + 0.70 + 1.06 + 0.86




Table 2 Matnx of correlation coefficients (r) smong the charactenatics of the passage cure
{50 observations] Italicized values sigmificant (P < 0 001), the other mnsignificant (P == 0 06)

N 9, N/ 30m Tyjz Ttm
%N/30m —0.219
T +0218 —0631
Ttm +0 003 -0 496 +0873
Ta 40 286 —0 681 +0 695 +0815

Various quantitative characteristics were derived from the passing curves
which are demonstrated 1n Figure 1

N: The total number of rooks and jackdaws passmg the observation aree along the
direction from the roost (“north-fying”™ birds)

9 N/30m The number of the north flymmg birds 1n the first 30 i after arrival of the firat bird,
i per cent of the total number of the passing birds {N)

Trye The time (1n mmutes after the first arryving bird) when 509, of the total number of
north flying birds pass

T The time when the frequency of the passing hirds 18 greatest (the peak of the fm
guenay curve)

Fy The time of marked flexion of the cummulative curve

The average values and other statistical parameters of these characteristis
are surveyed in Table 1 Table 2 shows correlations among individual features
of the passing curves of 50 observations N was independent on the other
characteristica, Txsz, Tern and Ty all were positively interrelated, and

Table 3 Regression equations between the characteristics of the passage curve
{Pawrs with insignuficant correlations excluded)

Independent Dependent
variate varnate The regression equation
(=) (»

Tz T v= 1307~ — 3892
Ty YV o= 0364 x + 1037

2% N/30m y=—1287x 10391

L]

Ttm T2 y= 0582x 4+ 584
Ty v— 0669x -+ 1269

9, N/30m y= —0880x + 9518

Tn Taye y= 0565x+ 183
tm y= 0993x— 740

2/ N/30m ve= —1138x +11¢88

%N/30m) Tyya —0307Tx + 4084

y
Ttm, y= —0.362x + 46 14
Tn ¥ — 408 x + 57 6%
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Table. 4 Abiotic variables and the quantitative charactenstics of the morning passage of the
birde (Analysis of variance)
Signaficant (P < 0 01} F values ifalicized

No. Average values
Varnable of
cases N 95N {30m Tuya Tm Ty
Month
November 8 564 795 134 44 2117
December 17 6854 88 8 149 158 228
Janusry i¢ 653 618 13.9 i31 228
February 11 177 855 172 19.0 24.8
F 099 208 123 141 043
I}a.y length (munutes)
Below 500 9 590 897 141 153 22 2
500 to 524 17 711 851 14 1 136 223
525 to 6574 14 642 787 16 0 16 7 252
556 or more 10 694 87.6 163 171 22.1
F 044 289 047 061 0 80
Precipitation
Present 4 558 883 116 100 190
Absent 46 676 843 152 16 0 234
¥ 067 0 54 202 245 196
Hoarfrost
Present 6 506 84 O 147 16 3 237
Absent 44 0677 a4 7 149 16 5 230
F 045 003 004 002 008
Moist ground
Markedly 7 G40 93 8 121 119 151
Not. marke<ly 43 6871 831 1533 161 2346
F 008 7 2 60 199 299
Snow cover
Present 19 681 80§ 178 197 26 8
Absent 31 669 87 0 13 1 129 208
F 008 4 54 13 30 1217 i4 458
Cloudiness (tenths)
Overcast — dense {10) 11 365 864 137 140 213
Overcast (10) 16 697 86 0 154 153 239
Partly cloudy (6--9) 12 728 827 148 16 2 229
Clear (0—35) 11 657 83 0 163 1845 238
F 078 044 026 024 045
Surface air temperature (°C)
Below —3 12 663 86 1 140 153 222
—3to —05 15 751 809 159 149 24 8
0to 42 16 a7l 84 2 153 171 232
Above +2 7 708 913 131 134 20 4
F 118 181 063 0 46 092
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Table 4 ~ continusd

Na. Average values
Variable of
cages N o N{30m Ty Lem Ty
Relative humidity (%)
93 or more 11 542 87.8 12.6 13.6 204
90 to 92 14 676 6.4 13.9 13.2 218
8] to 89 17 691 82.0 17.3 18.5 208
20 or less 2 770 83.2 14.5 15.6 3.1
i:) 1.20 .80 2.51 1.67 1.5%
Horizontal visibility (at ground level)
Bolow 1 km 12 508 85.8 13.7 14.3 222
1to 3 km 20 719 84.4 15.4 16.2 237
3to 56 km 7 701 87.7 13.1 13.7 21.0
Above & km 11 723 1.8 16.2 16,56 24.1
I 1.88 0.63 0.85 0.36 0.5%
Atmospheric pressure (torr)
Below 760 8 807 79.5 13.7 13.9 21.6
760 to 764 13 660 83.2 14.2 15.4 2340
764.5 to 770 13 651 B5.O 18.0 16.1 24.4
Above 770 16 714 88.1 15.0 15.9 227
F 0.29 1.42 0.42 0.16 0.3
Barometriec change overnight (torr)
At least —2 (decrease) 10 72 4.8 15.1 14.7 23.3
—15to —0.5 10 640 81.2 15.2 15.6 23.5
0to +1.5 19 597 83.2 13.3 14.7 20.8
At least 42 {increase) 11 715 #1.4 17.1 17.5 26.3
F 1.08 1.61 1.45 0.38 1.98
Surface wind direction
Following wind or calm 19 621 B8.4 11.8 11.2 19.6
Perpendicular wind 9 670 B1.5 15.1 15.2 23.7
Opposing wind 22 701 2.1 174 19.4 253
¥ 0.43 2.19 813 7.84 6.32
Burface wind speed (m/sec)
Very low (1.5 or less) 19 648 84.3 15.3 16.1 23.7
Maoderate 17 630 85.4 13.6 13.3 215
Relatively high (5 or more) 14 734 84.0 15.8 17.4 24.0
¥ .62 0.08 0.87 1.25 0.88

negative correlations oceurred between %N/30m on the one hand, and Ty,
T¢m and Ty on the other hand. The regression equations between significantly
correlated features of the flight curve are presented in Table 3.

The analysis of variance was used to examine the influence of 16 abioti
variables on the quantitative characteristies of the morning passage of rooks
and jackdaws. At first, significant (P < 0.001) differences were shown in ¥
among individual years resulting from unequal population sizes in respective
winters. In winter, the roost population of rooks and jackdaws remains fairly
constant until late February (unpublished observations). Average totl

20



number of passing birds was at the observation point in 1966/67 (8 cases} 396,
in 1970/71 (7 cases) 750, in 1971/72 (19 cages) 556, and in 1972/73 (16 cases)
896 specimens.

No significant differences between years were found in the other quanti-
tative characteristics (%N/30m, Tx2, Tim, Tn). In the following analysis,
N values were used which were adjusted by multiplying individual N’s
observed in the winters 1966/67, 1970/71, 1971/72 and 1972/73 by the co-
efficients 1.682, 0.888, 1.198 and 0.745, respectively. These corrections were
derived from the average N for all observations (666), and they nivelized
N’s of individual years. The analysis of variance showed (Table 4} no signifi-
cant (at 19 level) influence of the following variables on the guantitative
features of the birds’ morning passage: day length, month, hoarfrost, cloudi-
ness, air temperature, rel. humidity, horizontal visibility, atmospheric pres-
sure and its change, wind speed, the stage of the lunar cyele (the last variable
not included in the Table 4) and possibly precipitation (small number of the
mornings with a precipitation tested). No variable influenced the adjusted
total number of passing birds. However, no firm conclusions can be drawn
without larger samples because of the relatively large variance in N. It seems,
for example, that N increased from November to February, possibly for
the trophic reasons. % N/30m was significantly higher on the mornings with
a markedly moist ground; Tn;s, Trm and Ty were greater (it means a longer
duration of the passage) on days with the snow cover and on mornings with
the winds opposing or perpendicular to the normal direction of flight.

On 12 morningg, two or more marked peaks were noted of the frequency
curve. A gignificantly (P < 0.05; chi-square test) greater proportion of these
cages was formed in December and January (the day length 500 to 575 min)
as compared with November and February. Several peaks of frequency were
also observed more often on the mornings with following winds. In some
cases, the second peak of the north-flying birds oceurred distinetly shortly
after a sudden change of weather (snowfall, the change of wind direction
and/or speed).

DISCUSSION

Rooks, jackdaws and crows dispersing to the feeding areas from a winter
roost are funnelling into almost constant flight lines which are located along
various orientation points (rivers, roads, railways, churches or other build-
ings, ete.) as was observed repeatedly by Zdobnitzky (1907), Konstanti-
nov and Andreev (1969), Heitkamp (1970), Rothginger (1971) or
Grodziniski (1971). Nevertheless, the total numbers of birds passing over
individual observation sites (N) fluctuate considerably during a winter —
even on consecutive days (Konstantinov and Andreev, 1969; Heit-
kamp, 1970; Grodzinski, 1971). A high fluctuation of N was confirmed
also in our set of 50 morning observations because the coefficient of variation
was V = 1 41.29 of the mean (adjusted N values).

A limited number of the frequency curves of the morning passage was
shown for Corvus corone by Konstantinov and Andreev (1969) and for
C. frugilegus by Grodzinski (1971). The last author observed at a point
the total number of passing birds on 3 days 1500 to 2500 specimens and
counted 70--829%, of the passing birds in the first half of the morning flight.

Biotic variables were not evaluated in this study which could also in-
fluence the pattern of the morning passage of the rooks and jackdaws: e.g.,
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the energetic state of the birds, the abundance {accessibility) of food in the
trophic area or the number of individuals of the winter population. Hamil-
ton and Gilbert (1969) described the radar observations of the starling
(Sturnus vulgaris) dispersal from a winter roost, and they found that the
limits of dispersal varied with the roost population size: as the population
increased, more distant resources were utilized (intraspecific competition for
food). Surprisingly, distances as much as 50 to 80 km from the roost wer
covered by a part of the dispersing birds. According to my visual observations
in various areas of Czechoslovakia, the limits of dispersal of rooks from great
winter roosts are 46 to 50 km, and the range covered by majority of the birds
is about 20 to 25 km from a roost. These circadian movements suggest
interesting analogies with the circaannual migrations of birds, indicating in
many respects the importance of further studies.
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FranTiiea LELLAKOVA DUSKOVA
Racsived June 10, 1976

Abstract: Results are presented of g study on the incidence of mites of the family Bdellidae
in moss samples collected in a spruce wood near Blatnd, 8W-Bohemia. This groop had pre-
viously not been studied in Czechoslovakia. In 19 moss species we found 7 species of mites of
the family Bdellidae represented by Bdella iconica Berlese, B, muscorum Ewing, B. semiscutata
Big Thor, Bdeilodes longirostris {Hermann), two heavily damaged species of the genus Thoribdella,
Cyta latirostris (Hermann) and Biscirus silvaticus (Kramer), Bdellodes longirostris 13 new for
Bohemia. We recorded the numerical representation, the ineidence of the individual develop-
mentel stages, and obtained new knowledge of the biclogy and ecology of the species recovered.

INTRODUCTION

During recent studies on the incidence of soil mites of the family Bdellidae
from various localities, attention has been given to species of this group
living in moss in the vicinity of the Hydrobiological field station near Blatn4,.

The only study available on mites colonizing moss and lichen off trees
in parks and forests was made by Pschorn-Walcher and Gunhold (1957).
These authors found two members of the family Bdellidae, i. e., Cyta latirostris
(Hermann) and Bdella dispar Koch. Apart from several brief notes in various
faunistic papers, this group of mites has not been studied as yet in Czecho-
glovakia., The first to mention these mites were Kirchner (186G4) and
Svétlik {1883—4), Kirchner recorded the finding of the species Cyta
latirostris (he still called it Ammonia latirostris) and A. megacephale from
forest mosses. Except for species of the genus Scirus, all remaining species
in his paper are mostly synonyma of the species Bdelle longicornis L. It
is of interest that Kirchner divided the mites on the basis of their “natural
habitats” which indicates that he did pay attention to the biotopes colonized
by these mites,

Svétlik in his “Contribution to the identification of our mites’ recorded
various representatives of mites, but of the family Bdellidae the species
Bdella sp. only which he still believed to feed exclusively on plants. He
placed into this family the genus Seirus and also the genera Linopodes and
Cheyletus. More records on the finding of members of this family in various
parts of our country are contained in papers by Willmann (1938, 1939,
1954, 1955, 1956) and Pax and Maschke (1935).

MATERIALS AND METHODS

We collected at random samples measuring 16—20 ¢m by 15-—20 om. The samples had to
he of such large size in view of the low numerical representation of the individual mite species
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Table 1. Survey of species recovered and their developmental stages in the individual samples

Date Species L P D T Q 3  'Total
Off stone and rock
Kov. 11, 1964 Bdella iconica 2 2 4 1 9
samples no. 1—3, 5—6  Cyla lalirostris 7 1 14 22
Odontoscirinae**
July 11, 1966 Bdella iconica 1 1 2
sample no. 3
August 20, 1968 Bdella iconica & 2 7
samples no. 1, 2
March 26, 1967 Bdella iconica 2 2
samples no. 2, 3 Bdella semiscutaia 1 1
Bdelle muscorum b ] 2
July 28, 1968 Bdella iconica 7 27 34
samples no. 3, 4 Bdella muscorum 1 3 3 v
January 6, 1970 Cyta latirostris 30 14 46 20
ramples no. 5—9 Bdella muscorum 3 1 4
Bdella iconica 4 2 ] 11
Biscirus silvaticus 2 b
Januery 26, 1970 Cyto lntiroatris 1 30 &2 B a3
samples no. 1—6, 12 Bdelle muscorum 14 12 21 14 15 76
January 1, 1974 Cyia latirosiriy 2 18 i 21
semples no. 6, 9, 11 Bdelle muscorum & 8 10 23
Bdella iconica )3 1
From forest paths
Nov, 11, 1964 Cyla latirastria 3 8 1)
samples no. 4, 7—9 Biscirua silvaticus 2 b4
Bella muscorum 1 1
Bdella iconica 3 2 §
July 11, 1966 Bdella iconica 3 B 9
samples no. 1, 2
July 19, 1966 Bdella iconico 4 13 2 19
samples no. 1, 2
August 20, 1968 Bidclla feonten 3 ]
samples no. 3, 4 Bdella muscorum 1 1
Biscirus silvaticus 1 1
March 268, 1967 Bdella muscorum 4 1 il
samples no. 1, 4 Cyta lalirostria 2 1 3

** One greatly damaged specimen (Thoribdella ?)
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Table ] continued

Date Species P D T g & Total
Jan. 26, 1970 Cyta latirostris 18 4 23
samples no. 7—11
Nov. 19, 1972 Cyta latirogtris b 4 9
samples no. 1—35, 8 Bdella iconicu 1 1
Jan. 2, 1873 Cyla latirostris 7 4 it
gsamples no. 1, 2
Jan. 1, 1974 Bdela iconica 3 [} 14 ] 20
samples no. i—8, Cyta latirostris 3 14 17 34
13,17 Bdella muscorum 4 4
From forest clearings
Aug. 20, 1966 Bdelia fconica 8 3 9
ramples no. &, 6 Thoribdeila sp. 1 1
July 27, 1967 Bdelia iconica 1 1 2 4
samples no. 1—3
July 28, 1968 Bdelia iconica 1 i 17 24
samples no. 1, 2 Bracirus stfvaticus i1 i 8 g
Jan. 26, 1970 Chyta latirostris 23 17 40
samples no. 13—15
Nov. 19, 1872 Cyta labirostris 1 1
samples no. 3—7
Jan. 2, 1973 Cypter latiroatria [} ]
samples no. 3—4 Brlelln tconica I 2 3
January 1, 1874 Bdella iconica 11 11
samples no, 3—5, 12 Cyin {atirastris 7 7
Inside a high forest
SBept. 30, 1956 Bdela iconica 1 1
Qct. 1, 1955 Bdella iconica 1 14
Qct. 2, 1953 Bdellodes longiroslris 1 !
Bdelic iconica 1 1
Juns 16, 1956 Bdella iconica 1 1
Cyta latirogtria 1 1
Jan. 1, 1974 Bdella muscorum 1 7 8
samples no. 10, 14—16  Cyta latiresiris 1 6 18 9 32
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Table 1 continued

Date Bpeoies L P D T P & Told

Weathered wall overgrown with moss and grass, in a forest

Jan. 8, 1970 Bdeila muscorum 1 2 17 44 64
ssmples no. 1—4 Oyta latirosires 1 3 4
Jan, 1, 1974 Bdella muscorum 4 9 3 14

samples no. 1, 2

Dam of fishponds

March 20, 1974 Cyta latirostris 4 i3 8 18
samples ng. 1—4 Bdella iconica 1 4 1 t
L = larva P — protonymph D = deutenymph

T = tntonymph 2 = female 3 = male

iz thom, The samples were cut off with & knife and transported in linen. or plastic bags to the
labeeatory. In several instances the mites were shaken ouf directiy from the moss to s whis
cash (15 by 12 em) and placed immediately in the fixative (809, alechol).

Humidity was osttmated by means of a 5-grade scale suggested by Klika et al. {1954) from
dry (grade 1} to wet (grade 5): pH waa not measured.

The bdellids were extracted from the moss in a Berlese-Tullgren funnel modified for spesfic
use by the Department of So1l Zoology. After fixation with 80%, aleoho), the mie materal vas
prepared with & method which Atyeo (1960) had taken over from Beer (18964). After clearmg
the mites with PVA—L—P, they were mounted in Hoyer’s modification of Berlese’s mounting
meaduam,
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DESCRIFTION OF THE LOCALITY UNDER CONSIDERATION
AND ITS CHARACTERISTICS

The area examined is part of the Blatnd basm and extends over the western part of the
Blatnd Hills {Blatenské pahorkstina) (380—800m above ser level). The altitude of the field
statrion 15 460 m. Typical of the area are numerous fishponds. The biggest component of ths
part of the pluton is a biotite — to amphibolite — biotite granodiorite of a medium granulary,
the so-called Blatnd type. The Blatnd granodiorite is traversed by numerous veins of vanou
types and different age,

The samples were taken from a monoculbure of spruee and ecomprized a total of 19 moas apeeks
Mpium spinulosum Br. et Seh., Mnium cuspudatum Hdw., Pokin nutans Landhb., Dscranum
polysetum (= wndulatum) Br. et Sch., Dicranum scoparium How., Brachythecium ruiabuium
Br, et Sch., Plagiotheciuym curmfolium Schlieph., Hypnum cupressiforme Hdw | Pleurosium sche
Bert Moenk. (= Hyprign schreberi Brid.), Hylocomwuwm splendens Br. et Sch., Tortula murnli
Hdw., Syntrichia ruraliz Bnd., Bryum coespiticium Hdw., Amblysteqium serpens Be. et Sch
Polytrichum formosum Hdw., Piilidium ciliore {(L.) Hampe., Piilium crista cosirensis De Not,
Rhytidiadelphus squarrosus Wif., Barbilophogin barbata (Sch. et Loeske). Mostly, these wem
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common species ocowrring from low — to highlands except for the species Mnium spinulosum
and Ptilium oriséa casirensis with an infrequent incidence, and the species Barbilophosia barbata
and Piilidium ciliare with a rare immcidence. Most numercus in the area under consideration
were the species Pleurosium schreberi, Dicranum scoparwum, Plagioth eurvifolivm, Hylo-

jum aplendens, Huyp cupressiforme, Mnium spinulosum and Pohlia nulans, The only
lichen species present in the samples was Cladonia furcata Schr.

In order to assess characteristies of climatic eonditions in the loeality we measured soil and
air termperature and relative air humidity, and made records of the weather. Since none of these
factors 1nfluenced either the incidenco or the number of species and individuals they have not
been tabulated.

SURVEY OF THE SPECIES RECOVERED
Subfamily Bdellinae Grandjean, 1938

Bdella iconica Berlese

{(Figs, 1—10})

This species is closely related to the species Bdella longicornis L. and B.
septentrionalis Atyeo et Tuxen. One of the principal diagnostie signs typiecal
of the species Bdella iconica is a short palpal tibiotarsus (Fig. 4), and the
striation of the propodosomal shield (Fig. 9) with caudal striae in its anterior
portion, longitudinal striae in the posterior portion and straight astriae
between the posterior sensilla. Wallace and Mahon (1973) mentioned
a further character in their key — the ventral hypostomal setae vh; and vhy
which are directed laterally and therefore the main line is formed by other
setae (Fig. 5). A typical feature of all adult individuals of B. iconica is the
dorsal shield (Fig. 9) which is bell-shaped according to Berlese's “signum”.

The chelicera of individuals in my material is on the average four times
longer than wide, the average number of setae on the palpal basifemur is
13, the tibictarsus is 3 times longer than wide (2.6 -3.2 x). In addition to
drawings of the principal diagnostic signs (Figs. 2, 3, 4, 5, 7, 8), drawings
have been made of a total aspect (Fig. 1), the genital plate 3§ (Fig. 6) and ¢
(Fig. 10) because I failed to find their illustrations in the literature.
Geographical distribution: Berlese (1923) gave a description of the
species from Italy (Florence — Giardino di Boboli, under bark, und Umbria —
Sardegna Bosa, in moss), and from Germany; Thor (1931) reported it from
Germany, ltaly and Norway, on plants, and from North Africa (1932);
Schweizer (1951) from Switzerland, Mihel&i¢ (1958) from Spain, Sellnick
(1958) from central and S-Europe. Atyeo and Tuxen (1962) redescribed
the species on the basis of material from Iceland, where it appears to be
common. The authors found it mainly in sites close to the central uplands,
preferably in stands of Dryas and the moss Grimmia. At yeo (1963) coliected
1t in Australia (Canterbury; Balmoral State Forest) in the litter fall of Pinus
radiata, Gomezauri (1963) reported its incidence in Georgia, Alberti (1973)
in the GFR in beech litter and under stone heaps in a field.

No records are available on the incidence of Bdella iconica from either
Moravia or Slovakia. Willmann (1955) found it in SE-Saxony which is
& territory extending partly into our country. Although it has not been
reported from any other parts of Czechoslovakia, it must be distributed all
over the country since 1 myself found it in a number of localities in West-,
Central- and East Bohemia. It was present in material collected in the
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¥igs 1—8: Bdelln iconica, male; 1 — total aspect, 2 — chela, 3 — chelicera, 4 — left

palpus, 5 — ventral aspect of gnathosoma; 6 -— gemital region; female: 7, 8 — three distal segments
of legs T and IT
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Figs. 9—10. Bdella tconica, % — striation pattern on the dorsum of the propodosoma of male;
10 — gemtal region of fornale

Pavlovaké vrchy in Moravia, in the High Tatra Mts. in Slovakia and else-
where.

Bionomiecs: The incidence of Bdellz iconice is numerous in moss, but
occurs also in a variety of terrestrial habitats such as in grass, under rock,
in litter fall of coniferous and deciduous trees, etc. Atyeo and Tuxen
(1962) suggested its predilection to dry or very dry biotopes. In my own
experience the species appears to have broad temperature and humidity
tolerances. It occurred in both extremely dry and extremely wet samples.
Being a predator as all other bdellids, it colonizes almost every terrestrial
habitat where food material (mainly Collembola) is plentiful. It has often
been found in pit-fall traps.

At Blatna, B. iconica was present in 469 of samples (Table 1), and was
the third most numerous bdellid species recovered 229, (a total of 193
individuals) Adult individuals dominated in samples collected in October
(2 9), November (2D, 2T, 8¢, 3 3), January (7D, 9T, 33 2, 6 3), March
(1D,4 9,3 3); dentonymphs and tritonymphs were in the majority in samples
collected in the summer months (July: 10 P, 34 D, 48 T; August; 14 D, 5 T).
Adults and older nymphal stages lnbernate.

Atyeo and Tuxen (1962) collected in Iceland adulf specimens from
June 25 to August 19, nymphs from July 1 to 11, and on August 8, Alberti

(1973) collected adult individuals in October and November the same as
I did.
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Teb. 2. Bdella muscorum (measurss in pm

Total Total Length of gnathosoma Segments of podipalpus:
length width (+ chelicerao) I. 1. 11 Iv. V.
584 229 186 (183) 17 03 17 18 60

(506—697) (183—201) (182—208) (166—199) (87—100) (13—21)  (13—18)

Bdella muscorum Ewing

(Figs. 11—23)

Ewing described the specics in 1909 from a female found in moss in
Muncie, Illinois. Atyeo (1960) synonymized with it 4 more species described
by Ewing in later years as Bdella lata Ewing, 1910; B. subnigra Ewing
1910; B. muscarum var. minnesotensis Ewing, 1913; B. recens Fwing, 1937
Sig Thor (1931) placed B. muscorum among ‘“‘doubtful” species and sug-
gested that the species under consideration may be a variety of B. langicors.

B. muscorum closely resembles B. semiscutate Sig Thor and B. longicornis,
but may be distinguished mainly by the palpal chaetotaxy (Fig. 16), the
chaetotaxy of the legs (Figs. 14, 15), and the striation on the dorsal shield
(Fig. 18). Apart from other principal diagnostic signs (Figs. 12, 13, 19, 20 bis
23), a schematic illustration is given of the total aspeet (Fig. 11) and the
genital plate @ (Fig. 17).

Thor did evidently not differentiate in his material B. muscorum from
B. semiscutata counting, e.g., 8—19 setae on the palpal basifemur. One of
the most important diagnostic signs differentiating B. muscorum from B,
semiscutata 18 the number of palpal setae which is 8—11 for the former,
13 and more (13—19) for the Iatter. The species may readily be confused
with one another mainly for a marked similarity in the structure of the
dorsal propodosomal shield.

I measured a female of this species collected on January 6, 1970, assessed
the chaetotaxy of the pedipalpus and compared my data with Atveoh
(1060) (Tables 2 and 3).

Our data agree in the chaetotaxy of the pedipalpus, but differ considerably
in those on total size in that my maximum values correspond to Atyeo’s
minimum values. On the average, individuals from my material are 20 to
309, smaller than those of Atyeo’s material. The same applies to the length
of the pedipalpal segments 2, 3, 4 and 5 which are 209, shorter in my material

Tab. 3. Bdella muscorum (after Atyeo, 1960

Total Length of gnathcsoms Segments of pedipalpus*:
length {-+ cheliceraa) i il + 1T v, v,
825 224 (2135) 15 135 26 60

(710—1170) (208—331) (209—300) {13—18} (133—198) [20—335) (55—99)
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(Blatnd, 6. 1. 1970}

Number of setae

Des Vea on pedipalpal segments:
II. TIT. 1v. Y.
149 10% 10 1 4 6
(141--154} (86—108) (9—11)

Geographical distribution: Atyeo (1960) found B. muscorum in
a number of states of the U.S.A, (California, Colorado, New Mexico, Kansas,
Arkansas, Tennessee, Michigan, Illinois, Maryland), in Alaska (Point Barrow,
Chandler Lake region, Umiat, District of Mackenzie), Germany (Ost-Hol-
stein), CSSR and Iceland. Gomezauri (1963) recorded its ineidence from
Georgia, Alberti (1973) found it in moss tufts on a stone wall in the German
Federal Republic.

Bionomies: Bdelle muscorum shows & marked predilection to moss, but
I failed to recover it in clearings and open spaces. According to Alberti
{1973} B. muscorum feeds on members of the genus Nanorchestes, on Tetra-
nychidae and Collembola.

In my material from Blatné, B. muscorum was present in 229 of samples,
which is half the number of samples containing B. iconica. However, the
number of individuals in the samples surpassed that of B, iconica attaining
249, (a total of 211 individuals) of all bdellids recovered. In January the
samples comprized 18L, 13 P, 33D, 59T and 72 Q showing a dominance
of tritonymphs and adult females. Samples collected in March contained
1P, 5T and 19, July samples 1 D, 37T and 3 @, August samples 1 @ and
November samples also 1 ¢ only.

Ewing (in Atyeo, 1963) found females in April and June, Atyeo himself
in November (Arkansas), February (Kansas) and June {Michigan).

Also for this species my observations of the life cycle agree with Alberti's
(1973) data in that he found hibernating eggs, older nymphs and adult
specimens. However, adult specimens may be found throughout the year
whereby a minimum incidence occurs roughly in mid-summer (July — in
my samples August), Individuale which had hibernated complete their
development in the summer while those hatched late in the spring (May)
have as yet no attained the adult stage. This accounts for the occurrence
of two developmental periods (the life cycle is annual) — one at the end of
the winter, the other in the autumn.

{measures in pm)

Number of setas on pedipalpal segments:

Des Ves 1T. T V. V.
175 129 j1)] 1 4 [
{110—2320) {129—182) (8—1I1)
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Figs 11—23 Bdella muscorum, female 11 — total aspeet, 12 — chela, 13 — chelgmt
14, 15 — three dustal segments of legs T and II, 16 — rght palpus, 17 — gemtal region, 13—
striation pattern on the dorsum of the propodosoma, 18 — ventral aspect of gnathosims
20, 21, 22, 23 — mternal apodemes



Figs 2432 Bdells semiscutaiu  female 24 — total sspect. 25 — chela, 26 — chelicers,
27 — rnight palpus, 28 — genital region, 29 — striation patbern on the dorsum of the propodosoma.,
30 — ventral aspoct of gnathosoma, 31, 32 — three distsl segments of legs I and I
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Tab. 4. Bdello semiscutote (maeasures in pm)

Total Total Length of gnathosoma Segments of pedipalpus:
length width {+ cheliceras) 1. IL. II1 Iv. v
740 310 220 17 168 25 21 B4

Bdella semiscutata Sig Thor

{Figs. 24 32)

Thor (1931) regards this species to be related to Bdella longicornis having
a number of characters in common with it. Although smaller in general,
several individuals attain a size similar to that of B. longicornis (Tables 4, 5}
Values obtained for females from Blatnd do not reach the lowest limit given
by Thor for B. semiscutaia, but surpass considerably the upper limit of
B. muscorum in my material (Tables 2, 4, 5). Thor measured a small and
a big individual and, as seen in the table, the difference was practically 1009,

Similar to the foregoing species Thor evidently did not distinguish
B. semiscutata from B. muscorum regarding it as a variety of B. longicorms
on the basis of Ewing’s incomplete description. Since the latter two am
elosely related species it is most likely that the bottom wvalnes given by
Thor are in accord with those given for B. muscorum.

Typical of the species is the number of setae (13—19) on the basifemur
(Fig. 27), the striation and the network-like conformations on the propode-
somal shield (Fig. 29), the chaeototaxy of the legs (Figs. 31, 32).
Geographical distribution: B. semiscufate has been reported from
a large variety of biotopes both in Europe and North Africa. Thar (1931
found it in Sweden, Norway, Germany and, in 1932, in Grandjean’s materul
from N-Afriea; Schweizer (1951) in the Swiss National Park, Miheléic
(1958) in the Guadarrama Mts. in Spain, Gomezauri (1963} in the Georgian
S8R, generally in moss and lichen samples, forest litter, under rock, bark,
in tree leaves.

Willmann (1939, 1956) found an occasional specimen of the species n
Czechoslovakia in the fauna of peat bogs of the Kralicky Snéinik - on
lichen — (Cetraria islendica) and on lichen and under the bark of dwarl
spruce. Pax and Maschke (1935) found B. semisculata in the cave faum
of the Kralicky Snéznik.

Tab. §. Bdella semescutata (according to Thor, 1931}

Segments of pedipalpus a small specimen

Total Total Length of gnathosoma (b, hip s aasicie:
length width (+ chelicaras) - B T
950— 1850 450—800 250—550 15 139 34 30 72
(270—420) (30)  (330) (60) (38) 1
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(Blatnd, 26, 3, 1967)

Number of sataa on pedipalpal segments:
Lo Vow 11 TIL 1v. V.
167 104 13 1 4 8

No reports are available as yet on the incidence of the species in America
and Australia, where bdellids have received increased attention in recent
years.

Bionomics: B. gemiscutate colonizes, apart from moss and lichen off trees,
forest litter fall; it has been recovered from under rock, leaves, ete.

My samples from Blatné contained 1 Q with one broken of pedipalpus
only collected on March 26, 1967 in stands of Hyprum cupressiforme, Mnium
spinulosum and Dicranum scoparium growing on stones near a forest path
leading to the game-keeper’s lodge.

Subfamily Odontoscirinae Grandjean, 1938
Bdellodes longirostris (Hermann)

(Figs. 33-—40)

The species is elosely related to Bdellodes porrectus (Kramer), but may
be distinguished by the palpal telofemur and the genu which in B. longirostris
are of approximately the same length (Fig. 38), and by the chela bearing
a pracapical footh on each digit (Fig. 40). The genu of B. porrectus is almost
twice as long as the telofemur and approximately half as long as the tibio-
tarsus. The basifemur of B. longirosiris bears 10—15 setae, the tibiotarsus
12— 14 short setae and 2 long apical setae (Fig. 38); the basifemur of B. por-
rectus bears 5—6 setae, the tibiotarsus 10 short and 2 long setae which are
longer than those of the foregoing species.

Geographical distribution: Thor (1931) states that Bdellodes longi-
rostris 18 not numerous, but is widely distributed. Tt has been found in the
wajority of European countries, in Asia, North and South America. Schwei-
zer {1951) found it in the Swiss National Park, Womersley (1933) in
a number of places in Australia. At yeo (1971) collected it in the Carribean
ares and on the Isle of St. Helena.

In Czechoslovakia, its occasional incidence has been reported by Will-
mann (1954) from Moravia, in several caves of the Moravian Karst, under

{measures In Jm)

Number of setae on pedipalpal segments:
Des bl 1L 1. 1v. V.
200 150 §—19 1 3—4 5—7
{450) {350)
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Figs. 38—40: Bdeliodea longirostris, female: 33 — striation pattern on the dorsum of the pro
podosoma; 34, 356 — thres distal segments of legs I and II; 36 — ventral aspect of gnathosomms,
37 — genital region, 38 -— left palpus, 39 left and night chelicara; 40 — chela

flowerpots at Otfechov, under rock on the shore of the Jedovnicky fishpond,
under rock in the Sloupské valley, ete. The species is new for Bohemia
Bionomics: At Blatna, we found one ¢ of B. longirostris together with
1 2 of Bdella iconica (Igt M. Kunst) collected on October 2, 1955 in the mos
layer {Mnium sp.).

Alberti (1973) recorded the incidence of both juvenile and adult speci-
mens from June till October. The release of spermatophores and oviposition
occurs from the late summer to the autumn; in the laboratory, larvae hatched
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in May and September. The author inferred that B. longirostris feeds on mites
of the families Tydeidae and Eupodidae. According to Womersley (1933)
the species feeds on Sminthurus viridis, an important pest, and on other
Collembola.

In the moss samples from Blatné contained two members of the subfamily
Odontoscirinae: one heavily damaged deutonymph of the genus Thoribdella,
and one heavily damaged nymph which could not be identified reliably
(probably a member of the genus Thoribdella).

Subfamily Cytinae Grandjean, 1938
Cyta lotirostris (Hermann)
{Figs. 41—48)

The species has been described repeatedly under various names and
synonyms by, e.g., Sig Thor (1905, 1931), Atyeo (1960) and others.

Typical of the genus Cyta are thickened chelicera (Fig. 45), an unpaired
median eye (Fig. 48), two pairs of conspicuous ventral hypostomal setae
(¥ig. 47). It may readily be distinguished from the remaining species by
a trichoboth present on tibia IV only. A detailed degcription of C. latirostris
has been given by Atveo (1960). In his material, each palpal genu had
4 setae in all specimens examined except for two individuals from Ttaly
with three setae on the palpal genu which agrees with Thor’s (1931) de-
scrigtion. Specimens of my material had 4 setae on each genu (Fig. 44).

Wallace and Mahon (1973) surveyed morphological differences and the
distribution of species of the genus Cyfa. They recorded three species re-
presenting the genus in Europe. These were Cyie coerulipes (Duges) with
3 trichoboths (on tibia 1 and IV, on tarsus III), Cyta latirostris with one
trichoboth on tibia 1V, and an undescribed species without a trichoboth
recovered by Wallace from the Mediterranean only. It is of interest that
Gomezauri (1963) found both individuals with one trichoboth on tibia IV
and those without a trichoboth, in Georgia.
Geographical distribution: C. latirosiris has evidently a cosmopolitan
pattern of distribution. It was found in all continents and in numerous
countries. In the last century, many authors found it in various countries
of Europe and North America. Thor (1931, 1932) found it in Europe,
Africa, Asia and America. According to him, its incidence was particularly
high in the northern and circumpolar zones. Schweizer (1951) who found
the species in the Swiss National Park regarded it as a supalpine and alpine
species. Mihelti¢ (1958) found C. latirostris in brown clays in the vicinity
of Madrid and regarded it as a rare species. Sellnick (1958) collected it
from Lapland to Italy. Atyeo {1960) found it in Panama, Haiti, Cuba,
Mexico, the U.8.A., Alaska, ete. He found it in Australia where it had varlier
been found by Womersley (1933), and in New Zealand. Together with
Tuxen (1962) they recovered the species from all over Teeland from sites
of predilection similar to those of Bdella iconica, ie., dry and very dry
localities. 1t was present mainly in moss stands of Grimmic and in Dryas.
Once, they found it in two bird nests.

On our territory, the species was first found by Kirchner (1864) who
listed it to the genus Ammonia under a number of specific names such as
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Figd, 41—48: Cyta latirostris, female; 41 — total aspect; 42, 43 — three distal segmeni
of lags [ and TT; 44 — right palpus; 46 — chelicera; 46 — penital region; 47 — ventral aspat
of gnathosoma; 48 — striation pattern on the dorsum of the propadosoma

A. latirostris X., 4. megacephala Koch, and others. He collected the specis
under moss in a forest, on wood in a shed, ete. Pax and Maschke (193
reporbed it from the area of the Kralicky Snéinik, Willmann (1954) from
the Moravian Karst and, in 1956, from a protected area of the Kralicky
Snéznik (one specimen). According to Willmann, the incidence of the spedis
is solitary, but it is present in a variety of biotopes.

Bionomics: Cyla latirestris colonizes a variety of habitats, frequently mos,
lichen, grass, hay, under rock and fallen trees, under planks, in peat bop.
1 myself found it among other places in ant heaps.
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In moss samples from Blatni the species ocourred in the highest number
of individuals, i.e., 469, of all bdellids recovered {391), in the highest number
of samples (56%,) and in all sites of collection. In Czechoslovakia, it over-
winters in the proto-tritonymphal stage. Samples collected in January
contained 2 L, 123 P, 114 D, 112 T, 10 2, with an almost equal representation
of nymphal stages. An almost equal representation of nymphal stages was
observed also in the March samples which contained 6 P, 7D, 8T, June
samples contained 1 D only, It is of interest that nymphal stages were
absent in samples eollected in July and August; in November the samples
contained 10 L, 1 P, 27D and 5 T.

In their lceland material, Atyeo and Tuxen (1962) found larvae,
protonymphs and deutonymphs in August, tritonymphs in June and July.
The authors inferred that the species overwinters in the tritonymphal stage.
Alberti (1973) found mainly nymphs from February till April and in
November, adults from June till October. Wallace and Mahon (1972)
collected C. latirostris in agricultural seils in Australia finding occasionally
a larger number in pastures. They maintained that C. latirestris prefers to
feed on Oribatidae but ingests also Collembola, generally Arthropleona, and
an occasional Symphypleona. Apparently they do not apin a net around
their prey as this does a number of other bdellid species.

Pschorn-Walcher and Gunhold (1957) found this species in not too
big numbers in moss- and lichen samples off trees in parks and forests together
with the species Bdella dispar Koch.

Subfamily Spinibdellinae Grandjean, 1938
Biscirus silvaticus (Kramer)
(Figs. 49—54)

Typical of the species are mainly the chaetotaxy of the pedipalpus, the

long cylindrical tibiotarsus bearing two short dorsal setae. The tibiotarsus
with a typical slight enlargement in its middle attains roughly 2/3rd of
length of the basifemur (Fig. 52), two cheliceral setae are shifted in distal
direction (Fig. 51). The shape of the chelicera is characteristic of the species
(Figs. 49— 51).
Geographical distribution: Thor (1931) recorded the species from
CGermany, France, Switzerland and Norway, Mihel¢i¢ (1958) from brown
clays near Madrid, brown soil in the Guadarrama Mts., from the Sjerra
Nevada; Schweizer (1951) from the Swiss National Park, Womersley
(1933) from W-Australia, Atyeo (1963) also from Australia (Kimberley
Research Station). In 1960, Atyeo found it in a number of American states
(Mexico, Haiti, California, Mississippi, Kansas, Colorado, Maryland, Tennes-
see), in Germany and Ieceland, where it sometimes oceurred under rock in
a Dryas stand, in birch scrub, on meadows etc. According to Atyeo the
gpecies prefers dryer localities.

In Czechoslovakia it was found by Willmann (1954) in the Moravian
Karst (on walls of the caves Kiilna and Katefinskd), under rock in a garden
at Boskovice (1939) and in lichen off dwarf spruce at the Kralicky Snéinik
(1956).

Bionomics: Biscirus silvaticus was found in 4 samples from Blatnd in
moss on rock and stones, along forest paths and in clearings. The number
of individuals was low. Two damaged L on Nevember 11, 1964, 2L on
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Fuipgs., 49—564: Bescirus silvaiicus, fomale: 49, 50 — chela, 51 — chelicera; 52 — left palpuy
b3, 54 — ventral aspect of gnathosoma

January 6, 1970, 2D, 17T, 6 @ on July 28, 1968, 1 ¢ on August 20, 1966
Larvae overwinter and adult individuals appear as early as in July and
August (see Table 1).

Alberti (1973) found nymphs in the summer, adult individuals from
October to November, and observed at this time oviposition and the releass
of spermatophores. In his opinion eggs only hibernate. In the laboratory,
hatohing larvae occurred in April, in the field in May.

Although low in number, the area of distribution of the species appears
to be wide. It colonizes a large variety of biotopes (I myself collected it
many localities of our country).

Biscirus silvaticus feeds mainly on members of the order Collembola.

CONCLUSIONS

1. T have studied for a number of years mites of the family Bdellidae
collected from moss in spruce wood near the Hydrobiological field station at
Blatna, SW-Bohemia. Samples were taken off stone and rock, on forest
paths, clearings, inside a high forest, from a weathered wall in a forest and
fram the dams of fishponds.

2. The geological substrate consisted of amphibolite-biotite granodierite
of a medium granularity.

3. We examined a total of 92 samples and identified 19 species of mosses
(see p. 26). Of these the most frequent were the species Pleurosium schreben
Moenk., Dicranum scoparium How., Plagiothectum curvifolium Schlieph,
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Hylocomium splendens Br. et Sch., Hypnum cupressiforme Hdw,, Mnium
spinulosum Br. et Sch. and Poklia nutans Lindb.

4. We found 7 mite species of the family Bdellidae: of the subfamily Bdel-
linae: Bdella iconice Berlese, Bdella muscorum Ewing, Bdella semisculate Sig
Thor; of the subfamily Odontoscirinae: Bdellodes longirosiris (Hermann), one
damaged deutonymph of the genus Thoribdello and one heavily damaged
individual assumably of the genus Thoribdelle; of the subfamily Cytinae:
Cyta latirostris (Hermann); of the subfamily Spinibdellinae: Biscirus silvaticus
(Kramer).

5. Bdellodes longirostris (Hermann)is new for Bohemia, Bdelle iconica
Berlese is new for Moravia and Slovakia.

fi. The most numerous species was Cyta latirostris (391 individuals, ie.,
469, of bdellids recovered): it was present in 569%, of samples, Bdella muscorum
(211 individuals — 249, of all bdellids recovered) was present in 229, of
samples, Bdella iconica (193 individuals — 229 of all bdellids recovered)
in 46% of samples. The number of individuals of Biseirus silvaticus was
small (12—19%, of bdellids recovered); it was present in 4%, of samples.
The remaining species were present always in one sample only, with a solitary
incidence.

7. We recorded the incidence of the individual developmental stages.
Cyta latirostris was found to hibernate in the proto-, deuto- and tritonymphal
stage, whereby the representation of all nymphal stages was almost equal.
Hibernating stages of Bdella muscorum were mainly adult individuals and
older nymphs with a2 dominance of tritonymphs. The situation was similar
for Bdella iconica with hibernating adult individuals and older nymphs.
Larvae of the species Biscirus silvaticus hibernated, adult individuals ap-
peared as early as in July and August.

8. Cyia latirostris was found in all sites of collection. Bdella iconica was
present in all samples except for those collected in a high forest and on
a weathered wall in a forest. Bdella muscorum was found at every collecting
gite except for those in clearings and free, open spaces.

9. Bdelle muscorum showed a predilection to moss stands, the remainder
was found in a variety of biotopes with different vegetation- and plant
covers. Apparently one of the factors responsible is the plentiful food material
available.

10. Thor probable failed to distinguish Bdella semiscutata and Bdella
muscorum in his material.

11. Willmann and Pax recorded the frequent finding of Bdella sema-
scutate, but not that of Bdella muscorum, in samples from the territory of
Czechoslovakia. In my material this situation was reversed, and that does
not apply to samples {rom Blatné only.

12. In my opinion Bdella semiscutata and Bdella muscorum should be
studied on a more extensive material from Europe.
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APTERYGOTA IN NESTS OF SMALL MAMMALS
IN THE WESTERN CARPATHIANS

Josgr NOSEK, Miray DANIEL, tMinaw MRCIAK
Recerved September 30, 1976

Abstract: The occurrence of Apterygota i nests of 6 species of small mammals (Clethrio-
nomys glareolus, Micretus arvalis, Pitymys subterraneus, Apodemus flavicollis, Talpa europaea
and Sorex araneus) has been studied in the region of Vsetinské Vrchy and Javorniky (Western
Carpathians), In 275 nests examined there were 3243 specumens of Apterygota belonging to
two species of the order Protura and 51 species of the order Collembola. Seven species were
dominant and represented 897, of all specimens. The changes in nest inhabitation o relation
to different seasons and biotopes were also studied, The results are compared with the findimgs
of Apterygota in nests of small mammals 1n the Eastern Carpathians.

INTRODUCTION

The present report deals with partial results of a complex research of
small mammal parasites and inhabitants of their nests carried out in the
Western Carpathians by the workers of the Institute of Parasitology, Czecho-
slovak Academy of Sciences, Prague and Department of Systematic and
Ecological Zoology, Comenius University, Bratislava in cooperation with
the Zoological Institute, USSR Academy of Sciences, Leningrad. It follows
the papers by Mreiak, Daniel and Rosicky (1966), Daniel and Holu-
biékova (1972), Ryba, Rosicky, Daniel and Mrciak (1975) and
Bukva, Daniel and Mreiak (1976) dealing with parasitic and nest arthro-
pods from the same nests as those examined in our study.

The species composition of Apterygota in nests of mammals is very similar
to the fauna of their primary habitats: forest litter, plant detritus, bark,
moss and soil. Some of the Collembola, however, are well adapted to the
life in nests, where individual species show high abundance, higher than in
the soil. Other orders of Apterygota, i.e., Protura, Diplura and Thysanura,
have low abundance and small number of species, because their primary
habitats are quite different.

MATERIAL AND METHODS

TFields works were performed in the years 19591960 in the upper reaches of the Vsetinskd
Becva river and its tributanes (Eestern Moravia) from abont 450 m upwards to about 760 m
a.s.l. Tho material origiates from 18 loealities mostly ocovered by the forest {(e.g., losalties
Dynédk, Knvy (Grafn, Kyderka, Makytka, Babskd, V18 ddoli, Rybjanka, Razula, Oatriii:lé,
Stanoviee). In addition to these localities, the material was collected also on clearings with
a rich vegetation (loc. Vranéa, Halenkov, Kyderka), meadows (loe. Halenkov, Karolinks, Novy
Hrozenkov, Hovézi) and fislds (loc. Halenkov, Karolinka, Velké Karlovies). More detailed data
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Tah. 1. Inhabitation of small mammalian nests by the Apterygota in V. Karlovice regiom
{the West Carpathians)

&/ M. 4. P, sub- T. A,

Hosts glareolus arvalia flavicollis lerrancus europaen araneus  Total

Number of examined

nests 187 42 23 k! 7 32 275
Number of inhabited

nests 97 17 14 2 3 17 149
Number of Apterygots

collected 1RG5 1561 818 58 10 341 3243
Frequeney of Aptery-

gots in % h7.5 40.5 604 &0 42.91 53.1 64.4

Average number of

Apterygota per

mhabited nest 10.4 89 58.4 287 3.31 20,1 21.8
Average number of

Apterygota per one

nest 1.2 1.4 5.6 14 .57 1.4 1.7 iL8
Number of spscies 40 19 20 B 2 15 53
Number of

predominant spacies 4 3 3 2 1 4 6

on the geomorphology, elimatie and vegetational conditions of the region, individual localitms
and methods are given in the papurs by Mreink, Daniel and Rosicky {1966) and Schvar
ezova (1963).

A total of 275 nesta of the following rodents and insectivores were obtained: Clethrionomy
glareolus (167 nests); Microtus arvalis (42 nests); Apodemus fluvicollis (23 nests); Pitymys sub.
terraneus (4 nests); Talpa europuea (T nests); Sorex arancus (32 nests). Three nests were nol

——

e}

Fig. 1. Percentage of individuals of different. Collembolan families in mammalian nests (dominant
species only} 1 — Isotemidae, O Onychiuridae.
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identified. The nests were sollected in winter, spring and summer. Apterygots were asgorted
aceording to the neats and preserved in 709 aleohol. The preparations for the determinsation
were prepared in Svan’s medium. A total of 3243 specimens of Apterygota were obtained (Table 1)
and soil samples were taken for ecologicsl comparison of the fauna from mnests and their en-
vironment.

RESULTS

Apterygota were found in 149 nests, i.e. in 54.4%, of all nests collected.
The total number of Apterygota was 3243 apecimens, average number in
positive nests 21.8 and in all nests examined 11.8 specimens (Table 1). The

% - S Clg Af Ma Sa
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, ; .

i |« . ’
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e ]
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Fig. 2. Peroentage of dominant species of Collembola in mammalian nests: Clg — Clethrionomys
gloreolus, Al — Apodemus flavicollis, Ma — Microtus arvalis, 8a — Sorex araneus, Oa — Ony-
chiurus armalus, 0s — Onychiurus sibiricus, Og — Onychiurus granviaius, Fq — Folsomia
gquadrioculata, Fm — Foisemia muliiseta, If — Isoloma fennica, lo — Isofoma olivacea,

Apterygota belonged to 53 species (2 species of Proturs and 51 species of
Collembotla); 7 of them were dominant and represented 89%, of all specimens
collected. Nine of the found taxons (Adcerentomon nemorale, Onychiurus
subnemoratus, O, compatus, O. granulosus, 0. denisi, Anurida pygmaea,
Folsomia fimetaroides, Isotoma albella and Entomobrya corticalis) were not
recorded in the nests of small mammals in the Eastern Carpathians (Nosek
and Vysotskaya, 1978). Generally, Isotomidae and Onychiuridae predo-
minated (Fig. 1).

An analysis of the occurrence of Apterygota in the nests of mammals
revealed the differences between the individual mammal species:

C. glareolus — frequency 57.5%; mean number of Apterygota per inhabited
nest 19.4; mean number of Apterygota per examined nest 11.2; number of
collected species 40; 4 dominant species (Onychiurus armatus, O. sibiricus,

45



Spotdod A oy un SR poosnyd ETIONOTAYIAE) GIOA WL JU HI00U DY U SROILIQEE FREINoAny Aenude umioSdaerdy o swdeuy e cPrg

il alwlclelalsle[a]s[e]elz v Jelelalele] tfalt] t]s] 5] SIS 40 HIAEWNMN
eol [urfosl e eipalen] ool ez zbr] s .r_-“_a_, ,wﬂ_‘_m.._ m ! L 153N "3d IvNaIAKNT 40 ¥38MNN
! ! e [ SNISNA  SNUMHINING

. ) ] YI0OMMIAL  S3LTYDOHEHY

: I ! JEH YIVINIVAONONYIN: A 3 YTIESTHONO
I ! [ | SNYIIH0DY  VANEOWOING
1 i SITPAIN  YAUBOWOLNT
: ! Y ) WOEONDIT  SNSOMIONNY Y
i SNINVAT  SNLYA0AIdIT

VAV YTINIS0AN3Sd
SNUOHQCDAZ  VTIENS0aN3S
SRIVOIIA  SNAZICKWOL
HONIW SME320WOL
SINHOMONGT  SNMIAT0OMDL
SNIE3ATIS  SNHIICAH0L
SIMBYION  YWOI0SI
VYINNZS  YHDLOS)

SITVAIN - FWOLOS)

Y1138 WAOLDS)
YAIVI0IA  YHOLOSI
VIITAND  wROLOSI

! YIHIAND  WMOLOSI
i HONIW  YTIR0L0S)
VSONIAS  YIWCSTDd
Y1ASINA WiW0S704
WIILJHY ¥I13IRINVIVELAL
VIVIN2IINIO  YHNYISYOO0dAH
YIvTISIS VUNUEISYOOdAH
19838MNL  VANYLISTIOdAH
VaIVNIAD  YOIdNNY
WNHODSNK vHNNYIN
I0HYS wurnwEn

SiNIZAY  WI9M3EINL
SNSQINNTED  SNEMHIANG
SNXCAVYYd  SNATIHIAND
SNJIHIBIS  SNEMIHIANG
SNIVAWYS  SNANIHIAND
SNLVHOWINGNS  SNENIHIAND

I SOLTWHTENS  SNEMHIAND
= SOLYHYY  SNENHIAND
il SISNINYTIE  WHOHLGINOZONISL
FIHONIN  NOWOLNZY3OY

e G RGEEDR L_.nﬂ_a_ S37dNYS

Fuye (e

O oo os & M o% L

BV

-]
L3
L L]
-
-
-
n
~

-
-
.
z
L

__
_

I m

JPSSINWRES SR S A S N

.
1

sts of this mammal (Table 1).
M. arvalis — frequency 40.5%,; mean number of Apterygota per inhsb

Isotoma fennica and I. olivacea) represent 87% of all specimens collected

m ne
46



‘potiad
romwns pueBunids oyl Ul enjoast1b sAuwouotiyie)) S[0A JUBY JO 460U oYY UT 8no1irqes srineyafitg Lenuds usiodLierdy Jo siedeuy g 3

-
-
Ll
[l
~

tafs]e HE $312345 40 HIEWNN
slom|efefoimfafr|7]m LS3N H=3d STYNQMON 0 H38WNAN
I SNISHA  SNENHLNIKG
VI0DIME3L  S3LTYJOHYEY
Ea VI INIVHINONYRIL A 2 Y TIISIHIONG
SITVIILNO)  YANEOWOINZ

SITVAIN  VANEOWOINT
WANONDIT + SOSONSANYT 1
SNANYAD SNLEAOAIET]

vEIY ¥IIINISOONESd
SMNEORL00AZ w1 13NISCONEsd
SIHYOTINA  SNYIIOWOL

HONIN  SNY3I0W0L
SINMODISNGT SM¥3ICHOL
SNIISIAYTS SNNII0WOL
SINAVION YWOLOSI

YOINNIZ  WWOLOSI

SUTRAIN wHOLOS

Y1136 YWOLOSI

vIIWI0IA  YHOLOSI

YIIVMIG YHOLOSI

TIUIND  VHOLCSI

HONIW - ¥ 13IWOLOSH

YSONIdS  vInO510d
V.ISILTNW  ¥INOS104
YILLJEY YTIIHINYIVHISL
IVINDINIO YHNHISVOOdAH
Yi¥T70IS YHNYLSYI0dAH
IDUFETINL VAN LSYOOdAH
VIVWOAD  YOIENNY
WNY0OSNKW  wHNNYIN
IMOYYD  wunNYaN

SINIH4Y  VIoM3ETINL
SNSOTNNYES  SNUNIHIANG
SNXQAVUYL  SNUNIHIANG
SNJYIDIS SNUNHIANG
SOLYIAYZ  SNUNHIAND
SMLYHOWINENS  SNEMHIANG
SNLYWNYENS  SNunHIANG
SNIVWEY  SNENIHIANG
SISNINYI3E VHOHSOLNOGOHLIL
FIWUOWIN NOWOLNIYIIV
SA1dNYS

FeTsT [ Jz]v]z]e]ele]7][c
7| 95| | mwe|% |5 9] |m|

-
"
"
~
&
1
-
5 |-
[
-
-
)
-
-
-
-
-

E
®
-
k1
)
*
a

47

number of

.
2

collected species 19; 3 dominant species (O. armatus, Q. gibiricus and I. fer-

nest 8.9; mean number of Apterygota per examined nest 3.6
nica) prevail also in the nests of 4. flavicollis.



Tab. 2. The prasence of Apterygota in the nests of srmall mammals

Apterygotan species

Ol glareolus

M. arvalis

A, flavicollis

P. sublerrancus

T. europaea

8. araneus

Soil samples

Acerentomon dispar
Acerentomon nemorale

Tetredontophora biclanensis

Onychivrus armatus
Onychivrus subarmatus
Onychiurus subnemoratus
Onychiurus campatus
Onychiurus sibiricus
Onychiurus paradoxus
Onychiurus granulosus
Onychivrus denisi
Onychiurus variabilis
Tullbergia affinis
Neanura carolit
Neanura muscorum
Neanurs conjucta
Anuride pygmaea
Willemia anophthalma
Hypogastrura bengtesoni
Hypogastrura tullberg:
Hypoagastrura sigillata
Hypogastrura denticulala
Tetracanthelle arctica
Folsomia guadricculala
Folsomia multiseta
Folsomia spinosn
Polsomia fimstaroides
Tantomiclle minor
Taotoma cineren
Isotoma olivaces
Taotoma violacea
Tavtome viridia
Taotoma albella
Fsotoma nivalia
Isotoma fennica
fsotoma notabilis
Tomocerus fluvescens
Tomocerus longicornis
Tomocerus minor
Tomocerus vulgaria
Heteromurus nitidus
Pseudosinella 2ygophora
Pseudosinella alba
Lepidocyrtus cyaneus
Lepidocyrtus curvicollis

Lepidocyrius lanuginosus -+

+ lignorum
Entomobrya nivalis
Entomobryn corticalia
Orchesella flavescens
v. triangulimaculaia
Arrhopalites terricola
Srinthurus lubbocki
Sminthurus fuscus
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A. flavicollis — frequency 60.9%,; mean number of Apterygota per in-
habited nest 58.4; mean number of Apterygota per examined nest 35.6;
number of species 20.

8. araneus — frequency 53.1%,; mean number per inhabited nest 20.1;
mean number per examined nest 10.7; number of species 12; 4 dominant
species (0. armatus, 0. granulosus, Folsomia multisetu, Isotoma fennica).

The percentage of dominant species of Collembola in the nests of €. gla-
reolus, A. flavicollis, M. arvalis and 8. araneus is shown in Fig. 2, If we
compare this analysis with a similar one from the Eastern Carpathians, there
are evident differences in the representation of individual dominant species,
especially I. fennica (see Nosek and Vysotskaya, 1973, p. 58, Fig. 9).

The analysis also revealed that the abundance of Collembola in the nests
of mammals living in the forest in the mountains (C. glareolus and A. flay-
collis) is higher than in the nests located in the open areas. The inhabitation
of nests of some Collembola species is much higher in summer, which is
related to their reproduction (e.g., /soloma fennica and {. olivacea).

Of interest is the synusy of the Collembola, which resembles an uncomplete
synusy of Onychiurus sibiricus (according to Nosek), known from subalpine
soils of beech and spruce-beech forests of the Low Tatras Mountains (Nosek,
1969), The number of constant, occasional and acompanying species, however,
is lower in the studied area and even some western elements were found
to occur here (Figs. 3 and 4).

SYNOPSY AND ECOLOGY OF THE COLLECTED SPECIES OF APTERYGOTA

The collected species are listed in Table 2. Two species of Protura, namely
Acerentomon nemorale Wom. (1 specimen) and Acerentomon dispar Stach
(1 specimen) were also recorded. The ecology of most of the species is de-
seribed in the paper by Nosek and Vysotskaya (1973). In the present
study we mention only the ecology of vicarious species of the fauna of the
Western Carpathians.

Acerentomon nemorale Womersley, 1927
Distribution: England, France, Aualria, Czechoslovakia (Nosek 1973).
Ecology: This species lives in the humus, Mammal nests: C. glareolus.

Onychiurus subnemoratus Gisin, 1957
Distribution: Austria, Czechoslovakia.

Ecology: This species lives in the forests and peat-bogs. Mammal nests:
C. glareolus.

Onychiurus campatus Gisin, 19562

Distribution: Denmark, German Federal Republie, German Democratic Republie, Austria,
Switzerland, Czechoslovakia, Iceland.

Ecology: This species oceurs most frequently in the soil of moist meadows
and plant detritus of alpine and subalpine meadows. Mammal nests: C.
glareolus.

Onychiurus dentsi Stach, 1034

Distribution: Central Europe.
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Ecology: This species lives in large areas under pine-needle and leaf litter
and also in caves. Mammal nests: Sorex araneus.

Onychiurus granulosus Stach, 1930

DMigtribution: Poland, Hungary, Austria, Bulgaria, Czechoslovakia.

Eeology: This species lives in the forests under the bark of rotten wools
and in leaf litter. Mammal nests: C. glareolus, M. arvalis, A. flavicollis and
8. araneus.

Anurida pygmaea Bomer, 1901

Distribution: From Scandinavia and some Arctic islands to the Carpathians and Alps.

Ecology: This species lives in the moss, under the bark of rotten woods,
in pine-nesdle litter and humus soil of meadows and forests. Mammal nests
C. glareolus.

Folsomia fimetaroides (Axelson, 1803)

Distribution: Finland, Sweden, Latvia, England, Austna, Crechoslovakia,

Ecology: This species lives in plant detritus and humus seil. Mammnal
nests: 4. flavicollis.

Isofoma albella Packard, 1873

Distribution: Holarchie.
Ecology: This species lives under the bark of rotten trees and in the mos

Mammal nests: C. glareolus.

Entomobrya corticalis (Nicolet, 1841)

Distribution: Europe,

Ecology: This species lives mostly under the rotten bark of various woods,
in the moss and lichens covering the trunks and branches of trees. Mamms
nests: C. glareolus.

CONCLUSION

Two species of Protura and 51 species of Collembola were found in the
nests of small mammals collected in the surroundings of V. Karlovice. The
nest inhabitation with some species of Collembola is much higher in the
summer, which is related with the reproduction biology of the species.
the 275 nests collected, 149 were inhabited by Apterygota. The frequeng
of Apterygota in nests was 50.4%,, mean number per inhabited nest 218
and mean number per examined nest 11.8 specimens. The percentage of
dominant species of Collembola in the nests of C. glareolus, A. flavicolli,
M. arvalis and 8. araneus markedly differed from that in the mammal ness
from the Eastern Carpathians. A synusy resembling the uncomplete synusy
of Onychiurus sibiricue was observed in the nests of C'. glareolus. From the
biocoenotical view, the nest of a mammal represents for the Collemhola m
environment to which the nidicolous species adapted themselves during the
evolution and where the topical and trophic relations were settled.
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Abstract: In 1967--1973, the relationship between growth, abundanee and production ¢
4th—10th age proups of the ehub, Leuciscus cephalus (Linnaeus, 1758), the position of the chub
among other speeies and its growth rate in comparison with other localities in Czechoslovaks
were studied in the Klitava reservoir, It has been found that the slope of the abundance-growth
relatiwnship in the chub is very similar to that of the perch and 2--3 times steeper than tha
for the roach. Theoretical maximum abundance of the chub with respeet to its produetion hu
been calculated as 376 chubs per ha, the corresponding maximum for perch and roach are i
and 870 fish per ha respectively. Growth rate for the chub in the Klitava reservoir has bem
found to be very pood espzcially in the first nine age groups, Considering that the benths
in the Kliéavs rescrvoir iz limiting, the piscivorous feeding habits of the older chubs can le
expected.

The chub, Leuciscus cephalus (Linnaeus, 1758) is the third species in
the Klitava reservoir in which it was possible to assess the abundance and
the produetion. Relationships amongst abundanece, growth and production
are the main sims of this paper. However, comparison with the perch and
the roach is also given, wherever possible.

MATERIAL AND METHODS

The abundance of the chub population was estimated using Schnabel’s method in the yean
1967, 1968 and 1975, In all other years it was reconstructed from the estimations made u
1967/1968 and 1973, using the mean survival rate (s = 0.582) (Table 1). The sampls
of the chub, used for the growth study, were small with the excoption of 1967—106,
therefore their age composition could not serve as a test for the reconstructed number
of fish in the individual age groups as was the case in roach (Holéik and Pivnigks
1875) and porch {Pivnié¢ka and Svatora, 1976). Nevertheless, the reconstruction with only
the survival rate was the sole method how to find out anything about the numbers of chub
in the Klilave roservoir in the years when asseasments were not made, Weights were caleulatad
from the log-log relationship between standard length (in mm)} and weight {in g), the eguatio
used was log w = 3.0123 log 1 — 4.7(81. For the ealoulation of tho relationships between abun-
dance and growth in individual age groups, the growth was characterised by the mesn totd
weight of the particular age gronp attained at the time of the last annulus formation. The inde
of production of the age gronp waa nok ussd because for the older age groups it i3 possible fo
write an approximate equation Aw,! == GitRit, i.e. the abzolute inerement is nearly equal to the
partial corresponding value of the index of produetion of that age group.

For the relationships between the abundance and growth and between the abundance an
production the bllowing equations were usad

(y=atbx,y=a—blnx, y=axP; y=xax?} and y==x{a—blnx).
In all easss the corresponding correlation coefficients were also caloulated. For abbreviation
a1 equations used in this papor, see Pivniélka and Svitora (1976).
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Table 1. Abundance of chub in the Klitava reservoir in 1967—1975, and kilograms of total
(P) and available production (P4). (¥ — estimated values). The values of the index of produe-
tion {1} are given in grams.

Age group 1967 1968 1969 1974 1871 1972 1973 1974 1975

900 *3060 1790 820 315 184 157 337 *373

3
4 *2326 *522 1790 1040 478 184 107 91 *196
& *362  *I1297 304 1040 618 278 107 62 *5d
6 o0 *2562 755 176 618 360 156 62 *36
7 38 *50 147 439 103 Lo 210 b1 H *36
8 *42 *2l 47 86 266 60 210 122 *56
9 *a0 *a0 12 27 36 148 35 122 *71
10 *42 *60 29 7 36 ] 86 21 *71
Total 3645 5342 4874 3635 2495 1580 1068 908 889
P (4th—10th
ag~ group) j08.2 1811 141.3 2163  256.6 181.0 63.3 57.0 40.6

Pa (4th—10th
age group) 236.7 141.5  106.0 1841 1993 1373 477 448 307

P (4th—10th
age group 401 456 300 364 529 597 320 198 390

The ealeulation of maximal (theorstiesl) values of abundance and production per ha was
based on the equaiion of the production-sbundence relationship (¥ = x{a — b In x}. The first
derivation of this equation was taken to zero. Yt was, then, directly possible to caleulate the max:-
mum theoretioal value of abundance and the corresponding value of produetion as under:
a—b

r

v=a—hlhx—b, a—blhx—b =0, Inx =

RESULTS AND DISCUSSION
The position of the chub population among other species

The position of the chub population in the Kliéava reservoir among other
species can be seen from F¥ig. 1, where the total (gross) produetion (for
4th—10th age groups) of roach, perch, chub and rudd are plotted against
the individual years. Tn 1964 the abundance of chub was very small
so the estimation of the total production and also abundance was impossible.
Holéik (1970) carried out only the rough visual estimation on about 200
specimens in older age groups. Nevertheless in 1967 the abundanee of chub
increased up to 4000 specimens in the 3rd—10th age groups (Pivnicka,
1971). Beginning from this year the share of the chub population was on
the second (after roach) or third (after roach and perch) position as regards
its ichthyomass, abundance and total production (Holédik and Pivniéka,
1972). This situation has not changed even after 1972. The two peaks of
production in roach and chub are similay in 1867 and 1971, but in 1975
the production of chub goes down. This may either be due to some errors
in caleulations or natural causes. However, the past trend indicates that
the abundance and production of the chub popula.t.mn will follow the same
course as in roach in the following years. This is very interesting, especially
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Fig. 1. Position of the chub populstion among other species in the Kli€ava reservoir (towl
production/ha in different years)

when we take into account that the spawning time of both species is different.
The chub spawns later than roach (the time difference is about 1—2 weeks)
and the entire spawning is dene in two instalments. The second spawning
is after about one month (Pecl, 1969). It appears that the first instalment
of eggs for chub is more important from the point of strength of its newly
recruited year classes because it is difficult to suppose that the externl
conditions are the same every year at the time of spawning of both species,

The growth of chub from the Klicava reservoir in comparison
with other localities

The growth of chub (in length) in the Kli¢ava reservoir (mean for the
years 1867 —1975) has been compared with the mean growth of chub fron
44 localities (including Kli¢ava reservoir). It is plotted in Fig. 2. Using t-test
and supposing the same variability in the mean growth of chub from Czecho
slovakia as in the case of the Klicava reservoir one can see that with the
exception of lst, 10th, 11th and 12th age groups the growth of chub from
the Klidava reservoir is significantly better. A little different situation arises
when we compare the values of the total increments, which in the case of
the Klicava reservoir are better only in the 2nd and 3rd age groups and
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worse in the 8th and 11th age groups. In the other age groups there are no
differences between absolute inerements.

Very similar situation, i.e. good growth in the younger age groups and its
decreasing rate in the older ones, was also observed in roach from the Kli¢ava,
reservoir in comparigon with roach from the Lipno reservoir (Pivnidka, 1972).
The differences between the absolute increments were at first in favour of roach
from the Kli¢ava reservoir (in first four age groups), then in favour of roach

{c !
L 400

| 300 _ KLICAVAR

___ 05SSR RES +RIV.
 RESERVOIRS

15 age

Fig. 2, Growth in leugh of chub 1 the Klitava reservoir (mean for the years 1967—1975)
pared with growth from rivers apd reservoirs and from reservoirs only. (M mean, ¢ standard
deviation, m standard error of the mean)

from the Lipno reservoir (in all older age groups). The increments from the
Lipno reservoir being about 1009, and better than those from the Klicava
reservoir. The differences in the growth of younger and older age groups
in chub (Klitava reservoir in ecomparison with the mean growth from all
Czechoslovakia) are not so high. However, the Czechoslovak mean growth
of chub was calculated from the data of almost equal numbers of rivers
and reservoirs. When we take into account the growth from all reservoirs
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Table 2. Correlation coefficient (* significant at 59, level, ** sigmificant at 1% level) for
different types of equation

Apge group Except years ¥ =a—blnx ¥y —a—bx = axb
4 —0.1786 —0.1824 —0.1338
i) 75, 73 —0.2684 +0.2195 —0.28232
6 71, 70 —0.5170 —.4872 — (. 8451 %*
7 70, 76 —{LE867* —0.6392* —1).7282*
2 —.5846* —0.4927 —0.6618*
9 87,72, 74 —(.8197** — (1L BT35** —0.8(73 %+
10 6o, 70 ~—(0,23386 —.7400% —A0 4337
Py 69, 73, 75 —0.6102 —0.6082* —0 5125
y= x(ar—-=bln) ¥ = x{axP)
P —0.1075 +0.898] ** -—0.1678
Fa —{(.1047 —D.BG39%* —0.1631

(namely Slapy, Orava, Pastviny and Vranov) see in Pecl (1869) the acce-
leration in the mean growth beginning with the 8th age group is more evi-
dent. The limitation of benthos in the Klicava reservoir (Hruska pers. com.)
was the main reason advanced for the explanation of this phenomenon in
the case of roach (Pivnicéka, 1972). However, the very good growth of the
chub in almost all age groups in the Klidava reservoir, in comparison with
the other reservoirs, can be explained due to its piscivorous feeding habits
(Holé&ik pers. com.).

The relationship between abundance and growth

This relationship was evaluated successively for the 4th— 10th age groups.
with the exception of the 4th age group where all points (from all years)
were used, in all other age groups some of them (usually one two or three)
were excluded from the calculation of the given relationship {Table 2),
There were especially such values (abundance or growth), which strongly
deviated from the general and expected type of the abundance-growth curve
(when taken into account they changed the decreasing trend of the caleulated

Teble 3. Coefficients ,,b** for chub, perch and roach and for two types of equations

Age Chub Roach Porch
group v=a—blnx v == ax® yv=a—hlnx ¥ = axP vy=a—binx
3 — 4.418D —0 D346 — 4,9221
4 — &.7189 —0.0260 — 67412 — 0 0490 —12.2812
5 —16.8861 —- ) 0607 —17.3608 —.1108 -+ 87331
(i —.37.7816 —0.4713 — 8.6132 —N.0884 —18.6031
7 — 1062833 —(.2315 —27.1764 — 1127 —03.2439
8 — 58,2998 —0.1324 —25.3806 —0.0941 —44.6548
9 -—67.5303 —0.1385
10 —44.0507 —0.1222

o
=2}



relationship into an opposite one). The decreasing and curvelinear relationship
between growth and abundance in different fish species was confirmed by
Ivlev (1947), Backiel and LeCren (1967} and in the case of roach and
perch by Pivnitka (1975) and Pivnitka and Svitora (1976). The
difficulties which emerged in connection with the expulsion of some values
would be discussed elsewhere.

In case of chub from the Klitava reservoir the values of correlation
coefficients were significant twice at 5%, level and twice at 19 level (for
the equation y = axb); twice at 5% level and once at 19, level (for the
equation v = x{a — b In x) (Table 2). Very interesting is the comparison
among chub, roach and perch as regards the slope of the abundance-growth
relationship (coefficient b’ of the equation under question) (Table 3). For
the logarithmical relationship it is possible to speak about the increasing
trend of b ecefficient as the fish are growing old (up to the 7th age group),
then some small decreasing (or smoothing) can be observed. A possible
interpretation is that as the fish are growing old the competition for food
is becoming more stronger and also the individuals probably become senile.
As regards the absolute values of “b’’ coefficient they are very similar to
one an other in chub and perch, whereas they are very different for chub
and roach {those for roach are 2—3 times lower}. We are of the opinion that
this is in good agreement with the type of population of both species.
The roach population is in general very abundant, it is about ten times
larger than chub and about 5 times larger than perch. Thus in roach the
greater inerease in the population number has not such an influence on
growth than in the case of perch and chub. This may be due to the fact that
roach utilizes the entire water column and is omnivorous. It can be supposed,
that the high values of “b’" coefficient in the chub and also in the perch are
disadvantageous for both in their competition with roach.

As regards the minimal reasonable abundance in individual age groups
(i.e. such abundance per ka when the next acceleration in growth is practically
impossible) we cannot say anything. In roach it was 1—5 (10) fish ha,
in perch 1 fish/ha. In chub with the exception of the 4th age group there
exists the real observed values of growth for the abundance being egual
or less than 1 fish/ha.

The relationship between abundance and production

The low abundance of the chub in the Klitava reservoir is probably
responsible for a rather straight line than curvilinear relationship between
abundance and production caleulated for all years (available Py and total
production P). The values of correlation coefficients for both curvilinear
relationships are very low (Table 2). On the other hand when the straight
line relationship was calculated the correlation coefficients attained the
significant value. Thus it is clear that the theoretical maximum values of
abundance and production caleulated for the curvilinear relationship are
very high (e.g. for P4 the theoretical maximum abundance attains the value
of 283 . 106!). When some of the extreme points are excluded (i.e. from 1967
and 1971) theoretical maximum value of abundance decreases to 2688 fish/ha
and the correlation coefficient increases to the value of —0.3337. Finally
when this relationship is calculated only with the values from 1968, 1970,
1972 and 1974. then the theoretial maximum value of abundance decreases
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further to 376 fish per ha and the correlation coeficient increases to the
value —0.5718. Therefore it is very difficult to come to a final conclusion.
However, in the case of the abundance-growth relationship some points
were excluded; if not then the slopes in the individual age groups for chub
would be very near to those for roach, i.e. 2—3 times lower. In spite of this
the roach has theoretical maximum of 870 fish per ha. On the other hand,
perch with the high values of the slope in the abundance growth relationship
has the maximum theoretical value of abundance of 79 fish. Thus it seems
that the maximum of 376 fish per ha for chub can be considered as realistic.

SUMMARY

In the years 1967 — 1975 the relationship between growth, abundance and
production of the chub population in the Klitava reservoir (4th—10th ags
groups) was studied. The growth rate, in comparison with other localities
from Czechoslovakia, and its position.among other species in the Klicava
reservoir were also considered. The abundance of the chub population was
estimated using Schnabel's method in 1967, 1968 and 1975, In all other
vears the abundance was reconstructed using the value of the survival rate
(s = 0.582) calculated from two estimations from 1967 and 1968. The growth
was studied using 852 fish. The individual relationships were calculated using
equations vy =3 — bx, y=a—blnx, y=ax?, y=x(s —blnx) and
¥ = x(axP). The results are summarized as follows:

I. The chub and roach show the peak of production in the same yean.
It seems that for the chub the first spawning has much more importance
for the strength of its year classes.

2. The correlation coefficients for the growth-abundance relationships were
significant in four cases for the equation y = ax® and in three cases for the
equation ¥y = a — b In x. The slope of this relationship is very similar to
that for perch, but 2—3 times steeper than that for roach. This is a dis
advantage for the chub (and also for the perch) in their competition with
the roach.

3. The reasonable curvilinear relationship between abundance and pre-
duction was obtained only when it was calculated with the values from
1968, 1970, 1972 and 1974. Theoretical maximum abundance for chub,
caleulated from the equation y = x(a — b In x), attains the value of 376
chubs per ha, the corresponding maximum for perch and roach are 79 and
870 fish per ha respectively.
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STRATIFIKATION DER ORGANISMEN IN DER DBERSCHICHT
DER SANDKIESSEDIMENTE UNTER DER AKTIVEN STROMUNG DER FLUSSE

Oraxar STERBA

Emgegangen an 29. Juli 1976

Abstract: With the use of a new method, stratification of organisms living 1n the uppa
10 em of gravel-sand fluvial deposits was carred ont. These gravel-sand sediments form the
bottom of lowland rivers and are constantly flooded by the surface water of the river. It wa
found that the stratification of organisms in this Iayer 13 umiform. The number of organisms from
benthal (i.a. the sediment layer of 0—3.3 em) isnearly by two times smaller than the number o
benthie organisms from she layer of 3 4—10.0 em.

Using the example of contamination of the surface flow of a river at the time of sugar-best
harvest the author demonstrates the importance of organisms living in the gravel-sand bottom
under the active stream for benthos, as well as for the whole ecosystem of the river m a widt
sense of the word. The colonial bacterias Sphaerotlus natuns totally suppress benthos from the
surface of the hottom, while its development from 3 em lower remams intact.

Die biologische Erforsehung des Sandkiesbodens unter der aktiven Stro
mung der Flasse, die in den letzten Jahren an unserem Lehrstuhl durch
gefithrt wurde, brachte interessante Ergebnisse. Es wurde festgestellt, das
diege Sedimente bis in die Tiefe von 100 cm reichlich mit der Gesellschaft
belebt werden, die vor allem durch Organismen von Benthos bestimmt ist,
erganzt durch Organismen von Seston und kleineren Mengen stygobionter
oder stygophiler Arten. Diese Gesellschaft ist kvalitativ und kvantitatiy
reicher als der Benthos, der als Gesellschaft der Oberfliche des Flussbodens
betrachtet wurde. Die bis unlangst noch ganz unbekannte Gesellschaft de
Flusssedimente unter dem aktiven Strom ist in das Ekosystem des Stromes
i breiterem Sinne des Wortes eingegliedert und seine Gesellschaft hat viel
seitige Bedeutung fiir die Belebung der Oberflichenschicht der Flusse. Die
Tatsache hat u. a. Bedeutung fiir das Begreifen der Skologischen Gesetm
der Flisse und begriindet die Notwendigkeit des Schiitzes des natiirlichen
Flusshodens.

Es wurde festgestellt (Stérba, Holzer, 1977), dass in typischen Sand-
kiesfliissen die Gesamtzahi der Tiere aus der Schicht der Sedimente 5100 en
iiber dem Benthos zahlenmassig ungefahr 4 bis 12mal itberwiegt {der mittler
Strom der Morava, der Vih und der Donau), wobel die Sedimente in de
Schicht bis 10 resp. bis 20 ecm die grosste Belebung haben; tiefor ist de
Belebung der Sedimente merklich geringer. Die wichtigste Schicht ist dem
zufolge die der oberen 10 em-Schicht, wo auch die Grenze zwischen den
klassisch begriffenen Benthos und der Gesellschafi der interstitialen Gewisser
der Sedimente des Flussbodens liegt.
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METHODIK

Die vorangshende Erforsshung der Sandkiessedimente der Flisse, die mittels der Mothode
emgebohrter Stahlzylinder durchgefuhrt wurde, ermoglichte die Entnahme der Sedimente in
Schuchten nummal von 10 em Hohe (Stérba, 1973, 1976; Stérba, Holzer, 1977). Fur eine
mehr detaillierte Analyse der oberen 10 em — Schicht der Sedimente habe ich deswegen emne
Methode entwickelt, die die Entnshme der Sedimente in 3,3 em — Sehichten ermogheht. Die
Grundlage dieser Methode 1st eine Stahlblechwand von ewner Hohe der SBeiten von 25 em und
ener Breite von 26 em, An der Vorderseite der Trennwand sind Rillen, in die ein Metallrghmen
mit ausgespannter Mullerzeide eingeschoben wird, wo die mitgefuhrten Organismen (Seston)
cingefangen werden. Im Blechboden der Trennwand ist in rundes Loch, in welches cin Metallri
von omem Innendurchmesse von 14,2 em und emner Hohe von 18 em emgepasst st (die Breite
des Ranges 1st gleich als ber der Methodo Btsrba, Holzer 1877), Von der Unterkante des
Ringes sind in der Entfernung von 3,3 em dre1 halbkreisformige Schlitze, in die sich emne Metall-
trennwand emnschieben lasst, Der Metallring kann sober in die Sedimonte genau nach 3,3 em
eingefuhrt werden und die so abgetrennte Schicht der Sedimente geben wir in die Blechtrennwand
ab. e Ters aus diesem Volunfen werden kvantitativ in dem Planktonnetz, das m der Unterkante
der Blechitrennwand eingeschoben 136, emngefangen (Abb. 1., 2.). Die Tiere, die mit den Stemen
im Netz cingefangen wurden, habe ich durch die Methode von mehrmalger Verdimrung und
Filtrierung dureh e klemes Planktonnetz gewonnen und kvantitativ unter einer Stersolupe
herausgenommen,

Die Entnahme alle 3 Proben aus den oberen 10 ¢m-Schicht der Sedimente dauert mit Hilfe
von dieser Methods ungefahrt 10 Minuten.*)

Die Emberlung der oberen 10 em-Sehnoht der Sedimente in Drittel wurde vor allem deshalb
durchgefuhrt, weil die oberste (3,3 em Schicht) 1m Groben die Schicht vorstellt, die ber der
ublichen Methode der Erforschung des Benthos als Benthal betrachtet wird. Die Steine, die
1m Flussboden dachseinformig schrag i der Stromrichtung eingelagert sind, stecken mit threm
unteren Ted im Grund und thr freier Obertenl ragt 1 der Regel 1n das freie Wasser nicht mehr
als nur 2 em. Bei der Entfernung der Steine ist der Flussboden bis ungefahr in die Tiefe von
3.3 em beruhrt und aus dieser Sehicht st der Benthos eingefangen. Dhe Stemne der oberaten
Schicht amd aueh mt medrgeren Pflanzen bewachsen, hingegen in den unteren Schichien
treffen wir die Planzen mcht mehr. Dor Pflanzerwuchs fostigt und verstopft such in emem
gewizsen Mass die oberate Schisht der Sedimente.

Waonn in der oberen Schicht Steine klar Gber den feineren Fraktionen (feinem Geroll und
Sand) ubarwiegen, ist die untere Schiwcht (6,7—10 cm) schon granulometrisch ausgeglichen und
=5 handelt sich hier um typizchen rmttel — bis groben Kies, mit roichem Zusatz von femen
Fraktionen.

Die Mittelschicht (3,4—6,8 em) stellt den U'berg.a,ng zwischen beiden erwahnten Schichten
dar. Sie ist 1deal durchwissert, ungefestigt durch Pflanzenverwachsungen und dank einer Menge
von grossen Steinen 15t sie auch leicht zutrittbar fiir grossere benthische Organismen, Granulo-
metrisch 1inkiimert sie zur Oberschucht, die Mehrzahl der anderen Faktore kommt m ihr zur
Geltung wie 1n den unteren Schichten (Abssnz von Lacht und Planzen, Ausschliessung der
Turbulenzstromung u. 3. w.). Der Kontakt zwischen allen drer Schichten ist natiirlich der Mehr-
" zahl der benthischen Organismen ermdglicht.

LOKALITATEN UND MATERIAL

Die Untersuchung wurde in sechs Lokahtaten von wier Tieflandflussen durchgefihrt.

1. Morava — Chomoutov: Die Lokalitdt ist an der Nordgrenze der Stadt Olomouc situiert,
unter der Strassembrucke der Ortschaft Chomoutov, Bis Januar 1976 fuhrte der Fluss Morava
mittel-alfa-mesosaprobes Wasser, in den Herbst- und Wintermonaten war hier ewmneo starke
Entfaltung von Spaerotilus natans {Zuckerrubenkampeagne). Im Jahre 1976 sank die Saprohitat
auf den Ubergang zwischen Alfa- und Betacaprobiten. In dieser Lokalitat habe 1ch 20 Sonden
abgenommen (1975: 28, IV. ~— 1x; 6. V. — 1x; 19, VIIL — 2x. 2. X, — 1x; 22. X. — 2%
6. XT. — 2x; 1976: 13. V. — 11 X ). Aus der Grupps Copepoda, die im weltéren zusamrenfassend
angefuhrt wird, handelte es sich um die Arten C. staphylinus (Harpacticorda) und Ae. languidus
{Cyeloponda).

2, Morava — Qlomoue: Lokalitht unter der hohen Wasserwehr in Qlomoue. Bis Anfang
von 1976 der schlechtere Teil Alfa.-Mesosaprobiten mut Entfaltung von Spk. natans in der Zucker-
ritbenkampagne, 1m Jahre 1976 muttel-alfamesosaprobes Wasser. Es wurden 20 Sonden emnt-

* Teh danke dem Kollegon M. Holzer fur die Mittarbeit ber Arbeiten 1m Terrain.
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nommen (1975: 16. 9, — 2x; 16, 9. ~— ¥ x; 30. 8. — 2x; 1976: 10. 3. — 2x; 7. 6. — 13x)
Copepoda durch die Art O, staphylinus vertreten.

3. Morava — Tovadov: Die Lokalhtat an dem Zusammenfluss der Morava mit der Betva
unter der Stadt Tovatov. Im Jahre 1975 Ubergang der Alfamescsaprobitat und Polysaprobtai,
im Jahre 1976 Alfamesosaprobitdat. Es wurden 20 Sonden abgenommen (1975: 14. 5. — 2x.
20, 8, — 2x; 21 1L 1x; 1976: 11. 8.— 15 x ). Die Copepoda durch die Art C. staphyline
und Cyclopoida juv, vertreten.

4. Beéva — Tovatov: Die Lokalitat an dem Fluss Beéva vor dem Zusammenfluss mit
der Morava, Ubergang von Beta- und Alfamescsaprobitidt. Es wurden 20 Sonden entnommen
(1075: 14, 6, — 2x, 20. 8. — 2x, 21, 11. — 1x; 1976: 11. 6. — 15x ). Copepoda durch de
Art . staphylinus und Cyclopoidsa juv, vertreten.

5. Vah — Ratnovee: Die Lokahtat am mittleren Sirom des Flusses Véh, ungefahr 500 n
unter dermn Damm des Stausees ber Piedtany. Ubergang von Beta- und Alfarmesosaprobitat.
s wurden 22 Sonden entnommen (1976: 17, 6. — 3x, 18. 6. -— 3x, 8. 10. — 3 x; 19706; 1. 4. —
Zx, 20, 6, — 11x ). Copepoda: C. staphylinus (Harpactiovids), Par. fimbriatus, Ac. langudus
Macroe. alindus {Cyclopmda), Cladocera: Daphnin pulex, D. cuculaia, Chyd, sphaericus, Abw
cosinta, Leygig. leydipi.

6. Donau — Vojka: Lokalitat am linken Ufer der Donau an der ,,Zitny ostrav™ Insl
Flusskiometer 1.838, Ubergang der Beta.- und Alfamesosaprobitat. Entnommen wurden 37
Sonden {1975: 19. 3. — 6x, 9. 10. — 2x; 1976: 2. 4. — 16, 19, 5. — &6 ). Copepada: €. &

Tafel No. 1: Die durchehnittliche Abundanz der Organismen in den Lokalitéten, berrechmt
auf die Flache von 1 m2 A = Behicht 0—3,3cem, B = 3,4—6,6 em, C = 6,7—10,0 cm.

Morava — Morava — Moravae —

Organismen Chomoutov Olomoue Tovatov

A B ¢ A B ¢ A B ¢
Hyrlra sp. 3
Nematoda 328 T34 1026 63 270 a03 722 84l 12a?
Eiazneelln tetraedra
Oligochasta 2221 2245 163% 2775 2663 2423 2636 2631 2531
Herpobdella octocidaia 36 42 a6 6 9 286 159 120
Qlossephoni planata 9 3
Arncylus fluvialil 6 6 9
Sphaertum sp.
Cladocera
Copepoda 45 b5d 72 3 18 27 12 12
Rivulogammarus roeseliz = 42 54 72 (] 6 3
Niphargus sp.
A sellus ayuatious 27 117 192 ] 18 12 15
Hydracarina 3
Colombolla
Bastis sp. 6 9 3 24 21 18

Torleya major
Potamanthus luteus

Hydropsyche sp. 30 27 33 6 18 3
Chironomus gr. thummi 886 482 542

Chironomidae 352 250 211 214 136 126 229 129 8
Ceratopogon sp. 3

Simutiidas

Tipuludas

Insgesamt 3089 3538 3342 3744 3671 3624 3963 3036 4008
A4+B+C 9979 10939 11964
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phylinus, Nutocrella hibernica (Harpacticonda), Euc. serrulatus, Ac. crassicoudis, Ac. languidus
{Cyclopoida).

In allen Lokahtaten itberwiegt Flussgeroll mittlerer Grosse s grob, die Grosse der uber-
wiegenden Zahl der Steine im Abstend von 20,0 bis 40,0 mm, mm der Richtung Tiefe mmmt
die Zahl der feinen Fraktionen zu. In der Lokalitiit an der Donau 18t das Geréll einigermassen
kleiner, es fehlt nahezu die Fraktion des Femsandes, das Sediment st homogener.

Insgesamt wurden 131 Sonden aus der 10 em-Schicht der oberen Sedimente abgenommen.
d. h. 393 einzelner Proben, von denen 1nsgesamt 17 801 Tiere herausgenormen wurden,

DIE FESTGESTELLTE GEMEINSCHAFT UND THRE STRATIFIKATION

Es wurden insgesamt 34 Taxone festgestellt, das Artenspektrum ist na-
tiirlich viel bunter, denn die Hauptgruppen wurden meistenteils nicht niher
determiniert.

Die Zusammensetzung der Gemeinschaft ist durch den Gesamtcharakter
des Stromes bestimmt, vor allem durch missig stromendes Wasser, Sand-
kiesboden und verhdltnissmassig starke organische Verunreinigung des Ober-
flachenstromes.

Zwei der wichtigsten Gruppen — Oligochaeta und Chironomidae — ge-
horen zu den typischen benthisechen Formen der Flisse von diesem Cha-

Befva — Vih —— Dunaj — Alle Lokalitdten,
Tovaiov Ratnovee Vojka Durchschmitt
A B o4 A B ] A B C A B ¢
3
75 147 163 425 494 640 87 168 119 300 472 640
18 18 12 3 3 2
1496 1128 299 Y18 1464 1005 835 898 837 1788 1838 1522
a7 RE] 18 172 218 118 4 7 4 83 78 60
6 6 3 49 40 23 4 2 2 1t 8 5
2 1 1 2
2 +
49 57 49 8 9 8
15 3 100 57 43 37 55 72 37 31 36
3 6 3 9 11 13
2 o
14 9 3 10 24 36
+
2 -+
12 3 9 7 ] b
39 39 24 7 7 6
18 33 9 ' 3 B 2
2 [} 7 (]
114 RO 90
445 424 304 831 485 359 94 89 48 827 249 186
+
2 1
12 16 2 3

2196 1853 1541 2164 2804 2243 1214 1288 1230 2730 23831 2870

5580 7211 373z 8235
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Graph 1—3: Die Durchschmttsabundanz der Orgamsmen 1 den Lokalitaten Morava — Che
moutev, Morava — Olomoue und Morava — Tovatov, uberreshnet auf die Flagche 1 m2 4 =
= (—33em B = 34 66cem, 0 = 6,7—10,0 cm.
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Graph 4—6: Die Durchschmttsabundanz der Organismen in den Lokahtaten Bedva — Tovaro

Vah — Ratnovee und Donau — Vojka, uberrechnet auf die Flache 1 m2 A = 0—3,3 em, B-
= 3,4—6,6 om, C = 6,7—10,0 cm.
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Graph 7: Die Durchachruttsabundanz der Orgamsmen aus allen Lokalitaten.
Graph 8: Die Durchschmttsabundanz samtiicher Orgamsmen in den Lokalifaten.
Graph 9, Der Emnfluss der Zuckerrubenkampagne auf die Lokahtat Morava — Chomouts

1 — ausserhalb der Kampagne, 2 — Anfang der Kampagne, 3 — Vollperiode der Kampagme
A =10-33cm, B =34—606em, C = 6,7—10,0 cm.
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rakter, dergleichen als Hirudinea, Rivulogammarus roeselit, Asellus aquaticus,
Ephemeropters und Trichoptera.

Fine besondere typologische Stellung nimmt die zweite zahlreichste
Gruppe ein — die Nematoda. Thre Vertreter leben zwar iiblich im Benthal,
doch inklinieren mehr zu den interstitialen Gewassern der Sedimente (Stér-
ba, Holzer, 1977). Nematoda kdnnen wir also nicht alJs eine typische
benthische Gruppe betrachten.

Der Charakter der festgestellten Gemeinschaft wird also vor allem durch
benthische Gruppen gestaltet, weiter dann durch die Gruppe Nematoda,
und wird erginzt durch einige Arten vom Seston und durch einen unbedeu-
tenden Prozentsatz von Stvgobioten (Niphargus) oder Stygophilen (Ae.
longuidus, C. staphylinus). Das Ubergewich der benthischen Formen itber den
anderen ist in dieser Schicht begreiflich ausgepragter, als bei dem Vergleich
der Oberschicht mit der Schicht bis 100 ecm Tiefe.

Die Stratifikation der Organismen in der oberen 10 em-Schicht der Sedi-
mente ist in der Tafel Nr. 1 und in den Graphen Nr 1—8 dargelegt. Alle
Werte sind hier auf die Flache von 1 m? in der entsprechenden Schicht
uberrechnet.

Wenn wir die durchschnittliche Abundanz gesamter festgestellter Orga-
nigmen aus allen Lokalititen vergleichen (Graph Nr. 7), sehen wir, dag die
Mehrzahl der Organismen in der Mittelschicht lebt (3,4—6,6 em — 2.831
Stuck unter einer Fliche von 1 m?), etwas weniger in der Oberschicht (2.730
Stitck) und am wenigsten in der unteren Schicht (2670 Stiick). Die Unter-
schiede in der Gesamtabundanz sind jedoch klein und sind nicht in den
einzelnen Lokalititen regelmassig. Wir konnen deshalb konstatieren, dass,
soweit es sich um die Durchschnittszahl aller Organismen handelt, die ganze
obere 10 em-Schicht der Sedimente im Grundsatz gleichmassig belebt ist

Die wichtigste Gruppe — Oligochaeta — erreicht in der Regel ihre grosste
Entwicklung in den zwei oberen Schichten, Die einzige Ausnahme ist die
Lokalitdit Vah — Ratnovee, wo es in der Oberschicht die wenigsten Oligo-
chaeta gibt. Das ist durech das Vorkommen grisserer Rollsteine auf der
Oberfliche des Flussbodens der Lokalitdt zu erkliren.

Die zweite zahlreichste Gruppe — Nematoda — hat eine ganz eindeutige
Stratifikation. Von der Oberfliche des Bodens in die Tiefe wachst die Zahl
der Nematoda und dieser Trend schreitet offenbar fort bis in die Tiefe von
20 resp. 80 cm (Stérba, Helzer, 1977).

Eine umgekehrte Stratifikation hat die dritte zahireichste Gruppe, Chiro-
nomidae. Die meisten von ihmen leben in der Oberschicht, in Richtung Tiefe
nimmt ihre Zahl ab.

Verhaltnissmassig gleichmassige Einschichtung weisen Hirudiea und Riv.
roeselii auf. Thre zahlenmassige Vertretung ist zwar merklich niedriger als
bei vorhin erwshnten Gruppen, der Anteil an der Biomasse jedoch ist be-
deutungsvoll.

Die Zusammenfassung der tibrigen Organismen ist in den oberen 10 cm-
-Sehicht gleichmassig eingeteilt. Beachtlich ist das Vorkommen einiger ty-
pisch ,.benthischen** Organismen in der mittleren und unteren untersuchten
Schicht (Buaetis, Torlea minor, Potamantus luteus, Hydropsyche, Ancylus flu-
viatilis, Sphaerium, Asellus aqualicus).

Die Stratifikation und die Zusammensetzung der Lebewesen-Gemeinschaft
in den Sedimenten des Flussbodens wird durch eine Reihe von Faktoren
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Tafal No. 2: Der Emfluss der Zuckerrtibenkampagne auf die Lokaltat Morave — Chomoutor

1 11 111
Organismen A B ¢ A+B A B ¢ A+B A B ¢ A+3B
+C +¢ )

Oligochaeta 3016 2827 1078 7022 379 560 2275 3223 221 670 3966 4860
Nematoda 369 683 773 1835 189 822 1390 2401 284 985 2133 341z

Chironomudae 353 288 256 907 2086 580 316 2971 47 63 10
Rivulogumma-

rus roeselii 4 4 g 8 632 58 2212 63 63 174 3
Asellus

agunlicus 4 4 4 12 506 19569 1833 4298 111 537 048
Herpobdelia

octoculatu 8 4 8 20 63 316 379 158 190 363 71l
Copepoda b0 60 83 188 126 126 252 16 63 47 126
Bacetis sp. 8 13 21 63 63

Hydropsyche

sp. 4 < 8 442 316 442 1200 32 47 79 168
Ceratopogon

sp. 50 50 63 63

Hydracarina 4 £

Anoyiug

Jluviatilia 126 63 1286 315 16 18 32
Hydra sp. 32 3

Insgesamt 3866 3997 2212 10075 4812 5309 7458 17377 774 2211 7410 1036:

bestimmt; darunter gehort u. a. auch die Reinheit des Oberflichenteils des
Fluases. Ein typisches Beispiel dafiir sind die Verhaltnisse in der Lokalitat
Morava — Chomoutov, die im Herbst und Winter durch die Abwésser einet
hoher gelegenen Zuckerfabrik beeinflusst wird.

Im Verlauf der ersten drei Wochen der Zuckerriibenkampagne (Anfang
Oktober) wird der Flusshoden durch eine zusammenhingende und dicks
Sechicht von Kolonien Sp. natans samt Begleitflora aiberzogen, die je nach
Wasserstand bis Ende Januar oder Februar iiberlebt. Die Verhaltnisse in
dieser Lokalitit mit Hinsicht auf Einfluss der Abwisser aus der Zuckerfabrik
zeigt die Tafel Nr. 2 und der Graph Nr. 8.

In dem ersten Teil der Tafel Nr. 2 sind Durchschnittswerte aus der Periode
susser der Kampagne (15 Sonden), der zweite Teil der Tafel gibt den Anfang
der Zuckerriithenkampagne wieder,wenn der Flussboden noch nicht mit den Ko-
lonien Sp. natons iiberzogen war (!} Sonde vom 2. 10. 1975 — der Zeitabschnitt
des Herbstmaximums der Entwicklung der Organismen). Der letzte Teil der
Tafel fithrt Durchnschnitte aus 4 Sonden an, und zwar in der vollen Entfal-
tung Sp. netons (22. 10. und 6. 11. 75). Inder Periode ausserhalb der Kampagne
sind die Verhéltnisse in der Lokalitat &ahnlich wie in anderen Lokalititen,
mit leichtem Ubergewicht der Organismen in den oberen zwei Schichten
Schon in den ersten Tagen der Kampagne kommt es zu einer Abnahme der
Zahl der Organismen in den oberen zwei Schichten, besonders aber in der
obersten Schicht, die von den Abwigsern unmittelbar in Mitleidenschaft
gezogen wird. Im Verlauf der Kampagne, wenn es zu einer vollen Entwicklung
dp. natans kommt, ist die Abnehme in den oberen zwei Schichten enorm,
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wihrend in der Schicht 6,7—10 cm die Zahl der Organismen die gleiche wie
am Anfang der Kampagne ist (in einer von 2 Proben, die am 22. 10. ent-
nommen wurden, war in der Oberschicht keines von den untersuchten Tieren
gefundent).

Dieser Fal beweist klar die Bedeutung der Sandkiessedimente fiir den
Schutz der Organismen vor Vergiftungen oder anderen negativen Einflitssen
in dem Oberflichenteil des Flusses.

Der Verlauf der Entwicklung der Belebung der Sedimente in der Zucker-
rithenkampagne weist anch darauf hin, in welcher Weise sich die Organismen
des Bodens retten. Wir nehmen an, dass diejenigen Organismen des Benthal,
die durch die Vergiftung des freien Wassers direkt betroffen sind (d. h. der
Benthos auf der Oberfliche des Bodens), nicht fahig sind vo der Vergiftung
aktiv in die tieferen Schichten der Sandkreise zu fliichten. Wenn namlich
die Tiere von der Bodenoberfliche aktiv vor der Vergiftung in die inter-
stitialen Glewisser der Sedimente flichten mochten, miisste ihre Zghl in der
6,7—10 em-Schicht merklich grosser sein als am Anfang der Zuckerriiben-
kampagne. Im Gegenteil, es scheint, dass sich vor der Vergiftund nur die
benthischen Organismen retten, die in den tieferen Sehichten bereits vor
dem Anfang der Vergiftung sind. Diese Organismen beleben dann allmahlich
die vergiftete Oberflache des Bodens. ¥)

ZUSAMMENFASSUNG

Die angewendete Methode hat die Untersuchung der Stratifikation der
Organismen in der oberen 10 em-Schicht der Sandkiessedimente unter dem
aktiven Strom der Tieflandfliisse ermdglicht. In 6 Lokalitdten der Fliisse
Morava, Be¢va, Vah und Donau wurden 393 Proben aus 131 Sonden ab-
genommen, aus denen 17.801 Tiere gewonnen wurden.

Die festgestellte Gemeinschaft besteht vor allem aus benthischen Formen
(OQligochaeta, Nematoda, Insektenlarven, R. roeselii, As. aquaticus, Hirudinea
%. w.), weiter dann aus der Gruppe Nematoda, die zu den interstitialen Ge-
wassern der Sedimente inkliniert, und diese Formen sind durch einige Ver-
troter des Sestons und der Stygobionte oder Stygophile erganat.

Zahlermassig zind die Sedimente in der oberen 10 cm-Schicht im ganzen
gleichmadssig belebt, wenn aueh die einzelnen Drittel dieser Schicht nicht
exaltt gleichen Charakter haben, was sich durch verschiedene Einschichtung
einiger Gruppen zeigt.

Die oberste Schicht der Sedimente (0— 3,3 cm), die wir als Benthal s. str.
bezeichnen, enthilt beinahe zweimal weniger der benthischen Tiere als die
Gemeinschaft der ibrigen zwei nntersuchten Schichten (3,4—10,0 cm),

Die benthischen Organismen, die so zahlreich in den tieferen Schichten
der Sedimente leben, haben zweifellos eine grosze Bedeutung fitr die Kr-
ginzung des Benthos an der Oberfliche des Flusshodens.

*) Theser Yorstellung entsprechen auch die Versuche, e auf unserer Arbeitsstatte durch-
gefubirt, wurden {Stiizovd 1975). Bei der Simulation der Vergiftung in einem VorsuchsBussbett
haben die Versuchstiere eine Vergiftung mut konzentriertem Phenol nur dann sicher Qberlebt,
went se unter einer Sandschicht sehon vor dem Anfang der Vergiftung versteckt waren. Sofern
1wh die Tiere am Anfang der Vergiftung and er Oberflache des kunstlichen Bodens befanden,
d. h, direkt un Kontakt mut dem vergifteter Wasser waren, gelang e¢3 ihnen niemals sich 1 den

Sand unter thnen zu verkriechen.
L



Die interstitialen Gewasser der Sandkiesablagerungen sind ein bedeuts-
volles dkologisches Refugium der benthischen Fauna bei Kalamititen im
Oberflichenteil des Flusses. Ein typisches Beispiel sind die Verhdltnisse in
der Lokalitit Morava — Chomoutov, dieim Herbst durch Zuckerfabrikawaiasser
beriihrt wird, was sich durch Dezimation der Organismen in den oberen zwei
Schichten erwies, wahrend in der Schicht 6,7—10,0 em der Vernichtungs-
einfluss der Oberflichenvergiftung nicht mehr zum Vorschein kam.

Die erzielten Ergebnisse kniipfen an die vorhergehende Erforschung der
Sandkiessedimente in die Tiefe bis 100,0 cm an. Sie haben Bedeutung fin
die theoretische und praktische Hydrobiologie, Okologie sowie fiir Wasser-
wirtschaft. Sie bezeugen, dass der Benthos, begriffen als eine Germeinschats
der Bodenoberftiche, nur einen kleineren Teil der Gesamtzahl der benthischen
Organismen, die in den Flusssedimenten unterhalb der aktiven Stromuny
leben, vorstelit. Mit Hinsicht auf die Verbundenheit des Benthal und de:
interstitialen Gewasser der Sedimente unterhalb der aktiven Stromung kann
der Benthos jederzeit durch benthische Organismen aus dem Sedimenten
erginzt werden, was eine besonders grosse Bedeutung nach Vergiftungen

Diese Tatsachen rufen die Notwendigkeit eines folgerichtigen Sehutzes des
Sandkiesbodens unserer Flisse hervor. Eine Beschadigung der natiirlichen
Struktur des Bodens kann zur Degradation der Entfaltung des Benthos,
zur Unmdglichkeit seiner Regencration und damit zu einer wessentlichen
Herabsetzung der selbstreinigenden Fahigkeit der Flisse fithren, hei der der
Benthos eine bedeutende Rolle spielt.
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Abstract: Growth rate of pike, Esox lueius Linneeus, 1768, collected during the years
19656 — 1975, hag been studied from the scales of 87 specimens. Pikes of 114 years were recorded.
Hile’s nomogram, prepared by Oliva (1955) for the pikes in Czechoslovakia, was used for the
back-calenlation of lengths at the formation of respective ammuli. The index of species average
size and growth increment have been found to be similar in specimens from the rivers Berounks
and Vitava. Our data when compared with earlier authors indicate relatively slow growth of
mkes.

INTRODUCTION

Growth of pike has been studied from time to time in Czechoslovakia. The
studies were initiated by Oliva (1955) and followed by Ciha¥ (1961), Frank
and Vostradovsky (1961), Balon (1965), Vostradovsky (1968) and
Poupé (1974). Van Oosten (1960) and Frost and Kipling (1961)
described the growth of pike from the United States of America. Toner and
Lawler (1969) published a synopsis of the biological data on pike. Very
valuable results concerning the various aspects of population dynamics of
pike, based on a very large material from great valley water river reservoir
Lipno, were obtained by Vostradovsky (1968, 1960a, b, ¢ and 1970,
1971).

One of us (0. Oliva) has been receiving samples of scales of pikes from
anglers’ catches for a number of years. Thus the scales analysed for the
present study do not form a homogenous collection. In general the growth of
pikes constitutes an interesting problem since the fish is up to the length of
200 mm partially and from 200 mm purely piscivorous {(Vostradovsky,
1971).

MATERIAL AND METHODS

Scales collected durmg the years 1965 —1975 were sorted out locahity-wise. Three to four
scales were used for the study but only one was read nader the miecroprojector {Carl Zeass, Jena,
magnification 17.5) using the centro-lateral scale radms. The larval and the rmarginal marks were
1gnored. First of May was taken as the time of formation of an annulus, This made the reading
of the seales easier. Hile's nomogram prepared by Oliva {1966) was used for the back-ealenlation
of longths at respective annuli (with a correction factor of 4 cm). Since the collector recorded total
length in each case, 1t was converted to body length using the following conversion factor:

Total length = 1.146 Standard length {calculated from the data of Oliva, 1955).

*) Department of Zoology, Panjab University, Chandigarh (India}. This paper s & part
of work in Prague sponscored by UNESCO course on the modern problems an biology.
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Table 1. Growth of pike, Eeox lucius from the river Berounka

Avernagr standard length {in em)
Number of specimens Age group at the time of capture,
ranges in brackets

23 11X 44.9
(38 - 50)
7 Iv 50.1
(47--53)
7 . ¥ 65.3
{62—70}
1 VIiL 83
Average 1}
Annual inerement 2)
Index of species average
gize 3)
RESULTS

The result of the analysis are presented in Tables 1 to 3. It can be seen
that the average size of a pike at the formation of 8th annulus is 75 em in
Berounka river whereas smaller pikes in our collection are from the river
Vltava, but the rate of growth and the index of species average size are
almost the same in both localities. The absence of larger pikes in Vltava may
be due to the fact that when fishing was conducted the larger pikes either
escaped the anglers’ hooks or were absent. Hence the data from these local-
ities can be pooled. The curvilinear relationship between the scale radius
and the standard length, and the nomogram used for the back-calculations
are shown in Figure 1. The data for the lower size groups were taken from

Table 2. Growth of pike, Esox lucius from the river Vlcava

Average standard length (in cm}
Number of specimens Age group at the time of capture,
ranges in brackets

22 III 45.6
(40— 55)
5 v 54.8
(49—59)
2 v 64.0
(83— 65)
1 VI 85

Average 1)
Annual increment 2)
Index of species average
size 3)
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Average back-calenlated lengths (in ¢m),

ranges in brackets

1, 1a 13 14 1s 1s 17 1
22.0 0.6 33,3
(18—26) (27—36) (34—45)
20.1 0.0 379 44.3
(18--22)  (28—A83) (35—41) (4147
19.3 27.1 36.1 46.0 56.0
(17--23) (25— 15) (31 —42) (42— 50) (53— 59)
23 31 RES 48 62 59 87 78
1} 21 30 38 46 i 1) a7 78
2) 9 8 8 8 5 8 8
3) 94 cm

Oliva (1955). The conversion factor (total length/standard length) at each
length has been plotted against the standard length (Fig. 2) to show that the
length of caudal fin decreases with the increase of fish lengih and becomes
constant when the fish is 100 em.

The ,trophy” pikes of anglers, collected from various tributaries of the
Labe river, were also studied. Although the number of sach pikes was very
small, nevertheless the results are quite interesting and are presented in Tab-
le 3. The examination of scales showed that one of the pikes was 114 years
and the back-calculated length at the time of formation of 11th annulus was
88 em. This specimen was male and the body length at the time of capture
was 99 cm, On the other side of the scale was a female of 109 em body
length whose age was assessed 9-} years. 1t appears that females grow faster
whereas males show stunted growth and perhaps live longer than females.

Averages back-caloulated lengths (in om),
ranges in brackets.

I 1z 13 14 ig 1g
21.8 30.3 1.0
(20— 26) (27 —34) (34—44)
22,8 31.6 38.4 46.0
{21—25) (29— 33) (35—40) (42 - 49)
21.0 98.5 34.0 44.5 52.5
(21) (28—29) (34) (42— 44) (52—53)
25 33 39 45 51 &7
1) 23 31 37 45 52 57
2} ) 8 8 7 5
3) 9.0 cm
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Table 8. Growth of pike, Esox lucius from the Labe river system

Number of Average standard length

i Age group (in em) at the time of capt-
FpecInen ure, ranges in bracketa L 1a
1 v 56 19 31
1 v 80.2 21.2 29.8
(72—-92) (18— 24) (26-—34)
2 VIII 82,0 22,5 30.5
(79— 85) (21—-24) (30-—-31)
6 IxX 97.3 18.0 24.7
(90—109) (17-—-20) (21—27)
1 X 86 22 30
1 X1 89 21 24
Average 1) 21 25
Annual inecrement 2) i

Index of species
average size 3}

The gut contents of 18 “trophy’ pikes, caught from 3/9/1972 to 3/8/1975,
revealed following interesting points:

a) The incidence of empty stomachs is almost equal in males and females.

b) Pikes are piscivorous feeding on carps and perches alike. The food
consists of Alburnus alburnus, Rutilus rutilus, Blicca bjoerkna, Perca fluviali-
lis, Leuciscus cephalus, Tinca tinca, Carassius carassius and Barbus barbus.

Tabls 4. Comparison of the growth rate {in mm} of pike, Ksox lucius from different localities

Author/year Locality 1; 1

Poups, 1974 Inundation area of river Labe in Central
Bohemia 167 319
Oliva, 1956 Backwater “Poltruba’ 171 312
Frank & Vostradovsky, Lipno valley water reservoir 163 252

1961
Authors 1) Vltava river 230 310
11) Berounka river 210 300
iii) *Trophy™ pikes 210 280
Bohemis (average 1) to iii) 217 207
Cihat, 1961 Slapy vslloy water reservoir 222 364
Balon, 1885 Orava valley water reservuoir 232 340
Vostradovsky, 1968 Lipno valley waler reservoir

{sverage 1958 to 1967) 249 382

72



Average back-caleulated lengths (in om),
ranges in brackets

13 14 15 ig 17 lg 1y 1o 1531
36 43
37.0 44.2 82,0 62,4 71.8
(30—42) (36—54) (39—469) (55—78) (65—87)
37.0 43.5 81,5 57.0 66,5 74.5
(34—40) (40—47) (51—52) (54—60) (B5—66) (74—75)
31.0 39.2 45,5 60.2 67.7 77.8 87.0
(28—87) (34—49) (41—62) (48—72) (52—-80) (66— 90) (80— 100)
37 42 48 63 63 71 15 B}
32 37 48 62 69 73 8 82 B8
1) 35 42 50 59 67 T4 80 81 a4
2) 9 8 ki i}
3) 8 em

¢) The food habits of fishes above 60 em (total length) are almost the

same.

DISCUSSION

That the growth of pikes depends upon the source of food supply has been
shown by Oliva (1955, 1956, 1957, 1958, 1959, 1960), Vostradovsky (1968)

of ('zechoslovakia

Average back-calculated lengths (in mm)

la 1 15 ls 17 lg le lio 18%1
450 570 670 790 -- — - - —
440 570 — —_ - — _ — —
328 415 488 494 — — — — —
370 450 520 370 — — — — —
380 460 540 290 670 750 - - -
350 420 b0 890 670 740 800 810 880
367 143 520 a85 670 745 800 810 B30
4460 a2y 852 T80 - — — - =
424 4556 590 631 766 767 852 879 o=
4469 itits) 6786 741 826 830 — — —
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and Poupé (1974). We are of the opinion that temperature, food supply
and space are the major factors controlling the growth of pikes in different
bodies of water. A comparative statement of growth from different localities
is given in Table 4.

Vostradovsky (1971) ecommented that the food spectra of pike are con-
siderably wide, although several fish species form the most important part.
According to him perch and roach constitute the major items of food. He also
observed cannibalistic hehaviour of pike, but this is not clear from our sample
which is perhaps due to its very small size at our disposal.

In a series of communications Vostradovsky detailed the various
aspects of pikes as under:

In one communication (1969a) he remarked that in female fish the daily
weight increases are greater than in males. The migrating pikes show greater
length and weight increases thau the “staying-in-place” fish which seek or
wait for the prey within a limited range. This, according to him, is the most
important cause of the differences in the growth of pikes in the same loeality.
This was also observed by Oliva (1956). |

Again (1969b) he pointed out the balance of numbers of both sexes with
& slight predominance of males over females, with deviations depending upon
the time and method of collecting material. Continuing his observations
(1969¢) he described that females survive up to the highest age classes (with
a lower annual rate of mortality). He further writes that a higher degree of
mortality occurs in both sexes after the fish attains a length of 500 mm (after
the 3rd year of life).

In 1970 he commented that female pikes had better eoefficient of condition
than males. From this remark of his it can be inferred that females attain
larger size and weight than males.

Our observations are in conformity with those of Vostradovsky (1970)
in so far that females attain larger size during their life span but differ in
having lower ages than males.
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SUMMARY

Growth of pike, Esox lucius Linnaeus, 1758 was studies from scales pro-
cured from different localities of Czechoslovakia in the years 1965—1975.

Hile’s nomogram was used for the back-calculation of lengths.

Pikes of 11+ years of age and 99 ¢m of body length were recorded.

Males may live longer than females but show slow growth.

Growth increment has been found to be almost the same from the dif-
ferent localities of the Labe river system.

The rate of growth in our material was observed to be relatively slow aa
compared with the data of earlier authors.
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Abstract: New dats on the morphology of throe species of the genus Syphacia Seunrat,
1918, namely Syphactia obvelata (Rud., 1802), S. nigeriang Baylis, 1928 and 5. stroma (Linstow,
1884), are presented. The aurface structure of body cuticle of all species and the head structure
of 8. obvelatn and 8. rigerians have been studied. The main criterin separating 5. obvelata from
&, nigeriana have been establishod.

The method of scanning electron microscopy (SEM) has been used in the
lagt years for the determination of some morphological characters of parasitie
worms. A basic paper dealing with the nematodes of the genus Syphacia
was published by Ogden (1971). In our studies, we have used the SEM
method for the determination of some morphological characters of 8. obvelata,
8. nigeriana and 8. stroma.

MATERIAL AND METHODS

The nematode specimens used in our studies originated either from the same hosts as those
on which the original deseriptions of species were based (5. ebrelate and S. stroma) or from the
game hosta as the specimens used for the redesecription (9. nigeriana). Fifteen female specimens
of each specios were examined by SEM. The exact data on the origin and hosts of the individual
species are as follows:

— Syphacia obvelata (Rud., 1802), cascum, Mus musculus, loe. Hodonin, Czechoslovakia
— Syphacta stroma (Linstow), small intestine, Apodemus sylvaticus, Oslo, Norway
— Syphaecia nigeriony Baylis, 1928, cascum, Clethrionomys glareolus, Microtus ugrestis, Iviteseid,

Norway
The sgpecimens were first washed in distilled water, fixed in 109, formalin and then dehydrated
through an aleohol series. The specimens were then critical point dried.

RESULTS
1. Syphacia obvelate (Rud., 1802)

The cephalic plate is relatively large and markedly elongated laterally
(Plate I, fig. 1). The facial mask is marked off laterally by two submedian
papillae and one amphid and surrounded by a cuticular rim covered with
small bosses. The mouth is triangular, possessing three inconspicuous lips
with rounded upper margin. The height of the lips is always less than half
their width. The submedian papillae are massive, semi-spherical. The pa-
pillae on the inner circle were indistinet in our material (Plate 1I., fig. 1).

i



Three massive tnangular teeth with rounded tips protrude from the mouth
eavity. On the inner side of each tooth is a longltudmal thickening in the
median line. The outer upper margin of the teeth is smooth. On the inner
side near the npper margin of the teeth there are longitudinal dentigerous
ridges consisting of 28 —33 teeth each. The teeth are mostly longer than wide
and their tips are rounded (Plate 11., fig. 2).

The cuticle has distinct transverse striations with a regular conspicuous
median ridge in the transverse striae. The margins of the striae and the top
of the ridge are rounded. Longitudinal ribs, rounded in the section, are
slightly prominent and situated between individual transverse rings of the
cuticle (P’late I., fig. 2). The transverse striations of the cuticle are less
distinet near the lateral alae. Fine longitudinal striations can be observed
on the transverse strise on both sides of the lateral alae. The lateral alae
are rounded in the section and approximately five times wider than the
longitudinal ribs (Plate T, fig. 3).

Discussion: The specimens used in our studies eonform to the description
of S. obuelata published by Quentin (1971}. The SEM examination revealed
that the surface structure of the body is similar to that of §. eutamii Tiner,
1948 (compare Ogden, 1971, Plate 5A). Our observations concerning the
structure of lips and the presence of minute ridge-like teeth are quite new.

2. Syphacia nigeriana Baylis, 1928

The cephalic plate is of a relatively small size, without a marked lateral
elongation. The facial mask is circular, marked off laterally by two submedian
papillae and one amphid. The submedian papillae are semi-spherical. The
cuticular rim is more or less reduced, the bosses are inconspicuous. The
mouth is triangular, with three marked lips, distinetly higher than those
of 8. obvelate. The upper margin of lips is rounded. Three massive triangular
teeth protrude from the mouth cavity (Plate IIL., fig. 1).

The cuticle has distinet transverse striations with slightly prominent
longitudinal ribs between the transverse striae (Plate III., fig. 4, Plate LV.
fig. 4). Inside the transverse striae there are two narrow cuticular ribs
(Plate IIT1., fig. 3, Plate IV, fig. 5). The transverse striations of the cuticle
are less cistinet or indistinet near the lateral alae. The longitudinal lateral
alae are of the same shape as those of S. obvelata (Plate III1., fig. 2).

Discussion: There are different views on the independence of 8. nigeriana
in the literature (Quentin, 1971: Ogden, 1971; Hartwich, 1975). It is
possible, however, that the specimens examined by Ogden (1971) by means
of SEM and considered to be 8. obvelata belonged to the species S. nigeriana.
Although the author indicated that he studied 8. obvelate, his material was
not obtained from the typical host (Mus musculus) and from the area of
the criginal description {Europe). The author’s drawing of the cephalic plate
of 8. obvelata conforms to that of S. nigeriana {compare Quentin, 1971).
The author mentions in the text that ‘“the head bears three prominent
lip-lobes” which also corresponds more to the species 8. migeriana. Our
results support the opinicn of Quentin (1971) and Hartwich (1975) that
8. obvelata and S, nigeriana are bona species. Qur studies complement some
data obtained by Quentin (1971) with the light microscope. The species
8. obvelata and S. nigeriang differ substantially in the morphology of the
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cephalic plate and the strueture of lips. The surface cuticular structure of
8. nigeriena is very similar to that of S. obvelata and resembles also that of
8. eutamii (see Ogden, 1971, Plate 5A).

3. Syphacia strome (Linstow, 1884)

The cuticle has marked transverse striations (Plate IV., fig. 1). The
transverse striae divide the body surface into wide parallel fields. No median
ridges are present in the transverse atriae and the longitudinal ribs are also
lacking (Plate 1V., fig. 2, 3).

Discussion: Until recently it has been very difficult to separate two
related species, as 8. obvelate and 8. siroma, on the basis of their morphological
characters. The differential diagnosis of these two species was first published
by Quentin (1971). His observations by light microscopy are now com-
plemented by new data obtained during our SEM studies of 8. stroma.
According to our results, S. stroma markedly differs from S. obvelata in its
surface sirueture. 8. obvelate possesses both transverse striations and longi-
tudinal ribs, whereas only transverse striations are present in 8. stroma.

CONCLUSION

The results of SEM studies of S. obyelata, . nigeriana and §. stroma are
presented. The species 8. obvelate and S. nigeriana cannot be separated on
the basis of their surface structure, since they possess both transverse
striations and longitudinal ribs. Morphologically they differ mainly in the
head structure. The species S. stroma differs fundamentally from 8. obvelata
and 8. nigeriana in the absence of longitudinal ribs in the surface structure.
Quite new data about the head structure and the morphology of teeth and
inner dentigerate ridges of 9. obvelata are also given. The surface structure
of the cuticle of 8. stromae has been studied for the first time, similarly as
the detailed morphology of the cuticular transverse striations in the species
studied.
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RECENZE — REVIEWS

Jolin MeKelvey, Jr., Man against Tsetse. Cornell Umiversity Preas, Ithaca 973, 306 str., 1lustr
Precte-l a1 nékdo pouhy nézev 1ecenzovans kmhy, stdz1 s1 udélé spravnou predstavu o Jepn
obsahu. Kmiha je pfirodovédna, zoologiekd 1 lekatské, ale predeviin hustorickd. Histore s
rida zabjvi riznyrm bojp a vélkami, ale zpravidia mez: iy-né deohermn orgamzmn, kterym g
Homo sapiens. Historie boje élovéka s jnymi druhy tvorstve g tak obvyklé nejsou. MeKelveyyw
kniha predstavuje takovou vymhu, kdyz popisuje dramaticky zapas élovaks v Afries se spavoy
nemaoel, s naganou doméeich zvirat & & uvedenon mounchou isetse &1 glosinon, ktera so pozdép
ukdézala byt prenadeiem téchto chorob. Sleduje Js) od prvopotatku, kdy se nevédéle me o pavoda
onemocndni s o jeho prenafeéich a kdy malatny stav nemocneho obyvatelstva byl leckdy
piiditén k jepch povahovym vlastnostem. Uvadi vlechny dehady o phitindch (u zvifat pastvs,
vdechovani nééeho Skodlivéhe, ale 1 ,,jedovaté” hoddini mouchami), viechny ty omyly a pokusy
vedouel nakonec k poznani, které se dnes zdéd snad jakoby samozieyme. Ouvajr tu postaw
zoologl (napt. Robmeau Desvoidy, Bigot), lékaft a piirodovéden {napr. Bruce, Castelian:, Kech)
1 cestovatell {napf. Livingston}, ktef1 svou praci néjak prispéli nebo se vyslovii k uvedenemu
tematu. K objevu trypanosom jako pivoded onemoendui & jejich ptenosu se druZi popis viastohe
boje s memoee, [S8em (atoxyl, yryparsaimd atd ) a pilmyeh : nephunyeh zédsahh proty glosmen
(napt. vypaloviémm porostu, hubsmm divokéd zvéte, prestéhovivimirn obyvatelstva), véetnsd eve
rhznych nédpadd (napr. pobit krokodyly, na kteryeh glosiny saj'). Objevi se fada daldich postas
{napf. Bchwertzer, Jamot, Nash}. Lieni udélost1 a orgamzace akei je tu dovedeno aZ do seu
¢asnost1, k poufit! insekticidd, sterlantd 1 juvencudit (kde je plhipomenut také K. Sldma).
Svatovi zdravotmeks orgamzaee (WHO &1 OBM) vyhlésila v soudsans dobd bo; Sesti nejeé
vaznd)fim tropickym chorobdm, kterymi jedtd v dnedm dobd stradap muilidny hdi Jsou meu
mmy 1 trypsnosomiaze, u mch? se odhaduje, Ze jum trpi (véetnd Chagasovy nemoer} 10 mulionu
hdi (Nature 262 : 86, 1976). McKelveyova kniha o africké trypasnosomidze a glosinéch je tedy,
ad historickd, velm sktudlni, Boj pokratupe, & kaidy, kdo se zapmi o tuto problematiku, v n
najde pro sebe vicl nejen nové a zajumavs, ale | podndiné, Je psdna jasné a dobfe se éte. Obsahl
Iiteratura je uvedena na kone1 kimhy ve zvldstni komentovans ddst, rozdélené podle jednothvich

obsahovych eelki.
J. Chalupshy
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Stére 0.1 Stratifikazion der Orgamismen 1in der Oberschicht. der Sandhiessedimente unter

aktiven Stromung der Flusse
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Abb. 1, Das Probenentnahmegerat fur die Verteilung der oberen 10 em-Schicht der Sandlies-

ablagerungen.
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Stérba 0.: Stratifikazion der Organismen in der Oberschicht der Sandkiessedimente unter der
aktiven Stromung der Flusse

Abhb. 2, Das Probenentnahmegerat far die Verteillung der oberen 10 em-Schicht der Sandkies.
ablagerungen.



Tenora F., Wiger, R., Barud, V1.: Scanning elestron mieroseopie studies on three speeies of the I
genus Syphacia (Nematoda) E o

Plate I.

Fig. 1. Cephalic plate of S. obvelatn, apical view, x 1,400
Fig. 2. Detail of transverse striation and longitudinal ribs of the euticle of S. obrelata, » 10,000

Fig. 3. Cuticle with transverse striae and longitudinal ribs of S. obvelata. Lateral ala runs in
the middle (lateral view), x 3,000



Tenora F., Weger R., Barud Vi.: Scanning electron microscopic stuches on three species of the
genus Syphacia (Nematoda)

Plate 1L

Fig. 1. Facial mask with cuticular rim and minute bosses (at the bottom) of 5. obvelata. Triangulse
mouth with three incospicuous lips and teeth (apical view), x 3,000

Fig. 2. Mouth and detail of teeth and ridges with small teeth of S. obvelata, x 7,000



Tenora F., Wiger R., Barud Vi.: Scanning eleotron mieroseopic studies on three species of the
genus Syphacia (Nematoda)

Plate TIT.

Fig. 1. Anterior end of body with eephalic plate (apieal view) of S. nigeriana (host Ol. glareolus),
* 300

Fig. 2. Cuticle with lateral ala, transverse striation and longitudinal ribs of S. nigeriana (host
Ol. glareolus), X 1,000

Fig. 3. Cuticular septa in transverse stria of S. nigeriana (host Ol glareolus), x 5,000

Fig. 4. Detail of transverse striation and longitudinal ribs of the cuticle of S. nigeriana (host
CL. glareolus), > 3,000
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Tenora F., Wiger R., Barud Vi.: Scanmng electron microscopie studies en three species of the
genus Syphacia (Nematoda)

Plate IV.

Fig. 1. Transverse striation of the cuticle of S. stroma, x 300
Fig. 2. Transverse stnation of the cuticuls of 8. stroma, detail, 1,000

Fig. 3. Detail of transverse stria of . stroma, the absenee of longitudinal cuticula rribs is evident,
% 14,000

Fig. 4. Detail of transverse striations and longitudinal ribs of the cuticle of S. migeriana (hot
M. agrests), x 3,000

Fig. 5. Cuticular septa in transverse stria of 8. nigeriana (host M. agrestis), x 10,000



POKYNY PRO AUTORY

Vastnik Ceskoslovenské spolednost: zoologické uvefajfinje pivodm védeché précs dlend spo
leénogt: v rozsshu nejvyde 30 stran rukopisu, napssné v nokters z kongrosovych fedd, a ddle
tlénky, hodnotier Zivotni dilo nafish zoologt, vyfédand redaker Préce sutori, ktefi nejson
tleny spaoletnoats, budou pijimény jen vipmedns.

Formaln dprava praei:

Rukoprs (otginél » 1 kopie) musi byt psdn na strop g vétéim typy obfadek, na strénce
30 1ndek, fadky po 80 uhozeoh, bez vetdich eprav HRukopwsy, které by neodpovidaly témiv
formalnim poZadaviam, budon vriceny k piepsani,

Hlavitka prage 1 Nézev pracovetd. 2. Nézev price (u praci texonomickyeh v zdvores zp
nazvem systernaticke safazenf druhu neho skupiny — nupf Ostracoda: Cypridmidae), oboji
v reéi, v nlé ¢ prace psina. 3. Jméno a pijmen: autora

Viastru prace 1. Velm struény abstrakt, v rozsahu nejvyio 15 fadek, v anghdtind. 2 Uvnd
do problematihy {struénéd). 3. Materidl a metodika (u zZndmych metod pouze odkaz). 4 Viastn{
G4st experimentalin nebo popisnd 5. Diskuse 6 ZAvér. 7. Boznam eitovend hteratury {mkoliv
bibliografiel). 8 Acdresa autora 8. Tabulky, tuxty k obrazkiim a grafium. Cely rukopis je prabszng
atrédnkovin

Citace praci provedte podle jednotného vzoru: autor, rok, nazev, dasopis (mesmérodnimm
bibliografickynu zkratkam), roénik, sefit pouze v piipads, Zo rolnik neni prib&ziné strdnkovan,
stranky. U kniZuich titull nakladatel a misto vydéni. Napt.: Hrabs 8, 1975: Second contri-
bution to the knowledge of marine Tubificrdae {Oligochaeta) from the Adratic Sea. Vst (s
spol, zool,, 39 . 111—11%.

Ptopis oyrlice provedta podle memnirodnich pravidel vddecke transhterace (mkohv foneticks
transkripea} — viz IS0 Reeommendation R 9 International System for the transhteration
of cyrllic characters 1 Ed. October 1955 nebo Zekalle B , 1964. Pedobiologia, 4 ; 88—91, Jena

Obrézky a grafy kreslete Sernou tufi na kladfvkovy nebo pausovaci papir v pomérn §:1
aZ maximalng 1 3, u taxonomckych prasi mus: mit obrdzky méiitko, Obrizky kreslete pokud
moino tslk, aby mohly byt véechny stejnym zpiscbem zmenfeny. Fotografie musi byt ostré,
kontraatm, na lesklém papife. Obrdzky sestavte do tabuly, kieré by bylo mofno reprodukovat
na &if1 strany (126 mm), nebo & textem na celé zreadlo (126 3 188 mm) Obrizky nebo obrazové
tabule pribéing odisluyte s v rukopise vysnadte musto, kam majl byt zalomeny.

Tabulky jsou tiStény jako oteviens, t) bez svisly chlmelk V tabulkdch oddélte vodorovnym
hnkarm jea zéhlavi tabulky a dolni okraj Tabulky protokoldrniho eharakteru nebo opakujfe:
udaje z textu, pfipadnd tak velké, Ze by je nebylo moiné vytwknout na dvé protileble strany,
nebudou pfyimany

V taxonomickych pracich dodrzujte zdsady, ustanoveni a doporuteni mezinarodnich pravidel
zoologicke nomenklatury.

V rukopisu nepfedpisujte zdsadnd Z4ddné typy pisma, oznadte pouze tuikou po strand &dst,
ktere maji byt vysazeny pebitom.

Préoce zasilejto na adresu: Dos. Dr. K Hirks, (!So , vykonny redaktor Vastniku Cs. spol. zoal.
Viuénd 7, 128 44 Praha 2.

Redaként radu



