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Vést. és. Spoled. zool., 46: 81--84, 1982

Department of Systematic Zoology, Charles University

FURTHER NOTE ON THE BUTTERFLYFISH (PANTODON BUCHHOLZI, PISCES,
FANTODONTIDAE)

Lubomir HANEL & Jindfich NOVAK
Received Cetober 6, 1980

Abstract The butterflyfish (Pantodon buchholzi Peters, 1R76) from Nigeria
was examined using 8 meristic and 10 plastic characters. Obtained values were
compared with published data. Special attention was devoted to the problem of
gexual dimorphism not only in Nigeria, but also in further specimens from aquaria.

MATERIAL AND METHODS

All examined specimens were donated to the Department of Systematic Zooclogy,
Charles University, through the courtesy of varicus Czechoslovak aguarium hobbyis-
ts. All measurements were made using the same method as in previous communica-
tion {Hanel and Novalk, 1979}, The material contains 7 specimens (87-—103 mm
ol the total body length). Sexual dimorphism was also studied using 5 males, 2
females from Nigeria, 11 conserved specimens {1 male, 10 females) from aguaria
and 4 living ones (2 males. 2 females). Sex was ascertained by means of the dissec-
tion.

RESULTS AND DISCUSSION

Our results together with the data of Boulen ger (1909) and of the present
authors (1979) are summarized in Table 1. We have found, as compared with
Boulenger (1909), lower values in the head length in Y4 of the total length,
in the length of the pectoral fin. in %o of the total length, in the body depth in
0% of the total length, in the eye diameter in ®, of the head length and in post-
dorsal distance i ! of the predorsal distance.

As compared with Boulenger's (1909) and our own previous observa-
tions (1979) we found no substantial difference in plastic characters, but we
have observed some differences in the meristic ones. Boulenger (1909)
found 3 1/2 scales above the lateral line, we (197%9) found 4 scales in aquaria
specimens. But in the 7 specimens from WNigeria studied recently we found
5 scales above the lateral line. Similarly to Boulenger (1909) we also found
5 seales previously (1979). now in the recent material from nature we found
only 4 scales below the lateral line Differences between Boulenger's (1909)
data and our values are probably caused by different conditions in the nature
and in aguarium.

Data concerning sex dimorphism of the butterflyfish are summarized in Tab-
les 2 and 3. According to our observation, the shape and structure of the anal
fin is most reliable for the determination of sex. Rays in the anal fin are shor-
ten from the fifth to the last in females (Fig. 1). In males the anal {in looks
as composed of {wo somewhat different groups of rays: the first, at the begin-
ning of the fin, is composed of 5—6 long and thick rays. the second of 4—9
thinner and shorter rays. In all examined males 9—14 rays, in females 1415
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rays were found in the anal fin. Boulenger (1909) found only 9 -14 rays
in the anal fin; he mentioned no sexual differences.

It is interesting that in one male from aquaria 14 rays were found in the
anal fin, whilst in males from nature only 9—11 rays. No further differences
were found among specimens of the identical sex of the butterflyfish from
nature and aquaria (Tables 2 and 3).

- Table 1. Flastic and metistic characters of Pantodon buchholzi

Aquaria
Nigerin Boulenger (1908} (Hanel, Novilk,
1979)
No. of sp. 7 11 25
In 9 of total body 16 —20 23—25 17—26
length head length (19 (19
In 9, of totul body length length 28—-32 40— 30 25— 38
of pectoral fin (30) (31)
In % of total length body depth 19--22 2730 16— 23
(20) (19)
In 9% of head length eye 2229 28 19— 30
diameter (26) (25)
In % of predorsal distance 1417 25— 28 14-- 25
postdorsal distance (16) (18)
In %, of interorbital 47— 59 37 39—-063
width eye diameter (32 {449}
In 9% of caudal peduncle depth 81-102 1040 90-140
length of candnl pedunecle {93) (103)
Secales in lateral hne 27—30 28 -30 26— 30
(29 (28)
Scales above lataral lina 51 312 4
Secales below lateral line 4 53 5
Seales in predorsal distance 21--25 22-23 22— 26
(23) (24)
Rays in dorsal fin 15 6 1/5
Rays in anal fin . 37 —13 9—14 2{12— 2/13
(2/9) 2112
Gill rakers g—19 — %11
) 10

SUMMARY

7 specimens of the bulierflyfish (Pantodon buchohoizi Peters, 1876) from
Nigeria were examined with regard to 6 meristic and 10 plastic characters.
Considerable differences in the number of scales above and below the lateral
line were found. Smaller differences in plastic characters were also noted in
comparison with previous data concerning specimens living in captivity in
aguaria and with Boulenger's (1909) description. The sex of living specimens
of the butterflyfish is determinable according to the shape of the anal fin and
its structure. In females, the lower profile of this fin is straight, in males it is
evidently concave, which is caused by the different length of its rays. I males
a considerably smaller number (9—14) of anal rays was found than in females
(14—15),
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Table 2. Plastic and meristic characters of Pantodon buchholzi originating from Nigeria
wnd from aquaria breeding with regard to the sex

Aquaria
males females male femnles
No. of sp. 5 2 1 10
Total length 87-103 94— 99 91 $8-119
(mm)
Body length 58—69 63— 66 63 45— 84
(mun)
in 9, of total tength head 17 —20 16—17 1% 18—18
length {18) {17 (19)
In 9 of total tength length 2831 2832 29 25--35
of pectoral fin {30) {30} {31}
In 9, of head length aye 2729 2227 23 21—28
diameter (28) {25) {24)
In 9% of predorsal distance 14—17 15—17 18 1423
postdorsal distance (18) (1) [RRY]
In 9 of depth of caudal 81-100 102 91 90-130
peduncle its length (93) {114y
In 9, of interorbital width 47—359 47—56 49 43 —63
eye diameter {52) {62} (652)
Seales in lateral line 2730 28 30 26—29
(29) (28)
Scales below lateral line 4 4 i} 5
Scales above lateral line i 8 5 5
Scales in predorsal region 21-25 2425 24 2225
(23) (25) (24)
Rays in dorsal fin 115 1/5 1/6 1/5
Ravs in anal fin 2/7—% 212 2/12 1213
(2/8) (2/12)
Tabte 3. Plastic and meristis characters of Pentodon buchhelzt
(males and females from Nigeria and from aguaria alltogether)
Males Fernales
No. of sp. 6 12
Total length (mm) 87-103 68-119
Body length (mm) 58— 69 45— 84
In 9 of total length head length 17—20 16—19
{18) {19)
In 9 of interorbital width eye diameter 47—59 43—63
(52) (62)
In 9 of total longth length of pectoral fin 2R—31 25—356
30 (31)
In % of total length body depth 19— 22 1623
20y {20)
In % of head length eye diameter 2329 2128
(27) (24)
In %, of predorsal distance postdorsal 14—18 14—23
distance 16y {1
Seales in lateral Line 2729 26 29
{249) (28)
Seales helow lateral line 45 45
Scales above lateral line 5 5
Scales in predorsal distance 21-- 25 2225
{23) (24)
Rays in dorsal fin 1/6 15
Rays in anal fin 2/7—12 2/12-13
(2/9) (2/12)

83



Acknowledgements

Thanks are due to Asst. Professor O. Oliva, PhD. for critical reviewing of the
roughscript, valuable comments and loans of literature. The material was collected
through the courtesy of various persons, especially S. Frank, PhD., Mr. M. Chvojka,
WMr. 1. Petrovicky, Mr. K. Polak.

REFERENCES

Boulenger G. A, 1909: Catalogue of the Fresh-Water Fishes of Africa in the
British Museum (Natural History) I: 151 —152.

Hanel L., Novak J, 1979: Note on the butterflyfish {Pantodon buchholzi) (Pisces,
Pantodontidae), Vést. &s. Spoled. zool., 43 (2}: 104 —108.

The Figure 1 will be found at the end of this issue.

Author's eddress: Lubomir Hanel, U Nikolajky 12, 15000 Praha 5, . 8.5 R.
Jindfich Naovak, U Sparty 16, 17000 Praha 7, C. 5. 5. R.

84



Vést. &s. Spoleé. zool,, 46: B5-—91, 1982

Department of Systematic Zoology, Charles University, Praha

©ON THE INSECT BAT ECTOPARASBITES OF COASTAL LIBYA (CIMICIDAE,
NYCTERIBIDAE, STREBLIDAE, ISCHNOPSYLLIDAE)

i Karel HURKA

Received December 5, 1980

Abstract. Nine species from 3 insect orders and 4 families are recorded: Ca-
codmus wicinus Horv. (Heteroptera: Cimicidae); 4 species of the family Nycteribiidae
{Diptera) — Nycteribin (N.) latreillii (Leach), Nycteribia (Acrochotidia) wvexata
Westw., Stylidia biarticulata Herm. and Basilia (B.) mediterranea Hurka; Brachytar-
sina flavipennis Macqg. (Diptera: Streblidae); 3 species of the family Ischnopsyllidae
{Siphonaptera) — Ischnopsyllus (I.) consimilis (Wahlgr.), Ischnopsyllus (L) interme-
dius (Rothsch.) and Rhinolophopsylla unipectinata arabs Jord. et Rothsch. Four spe-
cies have the Westpalearctic distribution, five belong to the Mediterranean fauna.
The find of B. mediterranea represents the second report of this species. Notes on
taxonomy. morphological features, bionomics, hosts and zoogeography of the ecto-
parasites found are mentioned.

I had the opportunity to examine some Lybian bats for ectoparasites in 1979
and 1980 during the stay of Czechoslovak zoologists from the Department of
Systematic Zoology, Charles University, Prague .in Tripolitania and Cyrenaica.
Table 1 gives the survey of this examinations, showing that the representatives
of 3 insect orders, e. g., Heteroptera (Cimicidae), Diptera {Nycieribiidae, Streb-
lidae) and Siphonaptera (Ischnopsyllidae} have been ascertained.

No data are known abouf the insect bat ectoparasites from Libya except for
the note by Hufnagl (1972: 32) and my preliminary information (HGrk a,
ia print).

MATERIAL AND METHODS

98 ectoparasites of nine species have been found on 62 bat specimens of 7 species
{Table 1) in April 1978 and in April-May 1980. The bats were collected either in
their roosts, or they were captured by netting at following localities (Fig 1):

Sabratha, 80 km W from Tripoli, Antique ruins; Myotis blythi punicus Felten —
individually, Pipistrellus kuhli (Kuhl) — ecolony of about 33 specimens.

Tripoli, park in Sidi Mesri; Eptesicus serotinus isabellinus (Temminck) - netted.

Fig. 1. Map of the coastal Libya: 1 — Sabratha, 2 — Tripoli, 3 — Ain Zeyanah
near Benghazi, 4 — Vadi el Kuf, 5 — El Beida.
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Ain Zeyanah, 15 km E from Benghazi, abandoned solitary house; P. kuhli —
colony of about 50 specimens.

Vadi el Kuf Cyrenaica, cave in the profound, broad vadi, Rhinolophus me-
helyr Matschie — colony of about 50 specimens.

El Bei1da, Cyrenaica, vadi 4 km 5 from the town, P, mpistrellus, P. kuhli, Nyc-
taius leisleri (Kuhl} — netted.

RESULTS
F . Cimicidae
Cacodmus vicinus Horvath, 1934

1d, 16. 4. 1979, Pipistrellus kuhli (Kuhl), Ain Zeyanah,

This Southmediterranean species was found in Jordan, Lebanon, Israel,
Egypt, Tunis and Algeria, so that its finding in Libya is not surprising*.

The male specimen was found on one of four females P. kuhli from the co-
lony of about 20 bats and agrees in the morphological features and in measu-
rements (length: 5.0 mm, width of thorax: 1.38 mm, width of abdomen: 2.74
mm, measured on not monted, in alechol preserved specimen) with the data
given by Usinger (1966: 401—404).

Nycteribiidae
Nucteribia (Nycteribia) latreillii (Leach. 1817)

17, 12, 2. 4. 1979, Myotis blythi punicus Felten, Antique ruins of Sabratha.

This Westpalearctic species was known in North Africa from Morocco, Algeria
and Tunis only. Myotis blythi is one of the principal hosts on the whole area
of this fly. Nevertheless, the average infestation of the Libyan specimens was
low. Only one adult female from five bats examined (374, 299) was infested.

In the morphological characters the Libyan specimens agree with those from
Europe (dorsal genital plate of female with 11 spines; 5th abdominal sternum
ol male with a group of 16 spines).

Nycteribia (Acrocholidia) verate Westwood, 1835

244, 12, 7. 4. 1979, Myotws blythi punicus Felten, Antique ruins of Sabratha.

This Westpalearctic species was found, up to now, in all Northalrican coun-
tries excepting Libya. M. blythi is one of the principal hosts also for this fly;
one female and one male from five bats were infested. Both male and female
specimens of the fly agree in morphological characters with the European ones
(dorsal genital plate of female with 4 short spines. 5th abdominal sternum of
riale with a group ¢f 7 and 8 spines).

Stylidia biarticulata Hermann, 1804

334, 492, 23. 4. 1980. Rhinolophus mehelyi Matschie. cave 1n Vadi el Kuf. Cy-
renaica.

The Libyan sample of this Westpalearetic species also suggests that the in-
festation of host bats by this fly is markedly lower in North Africa (Morocco,
Algeria, Tunis, Egypt) than in the southern part of Europe (7 flies on 23 host
bats).

* Six bed bugs from P. kuhli (ruins at Sabratha) given by Hufnagl (1972: 32)
as Cimex lectularius probably also belong to C. vicinus.
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a¥ Table 1. Survey of bats and their ectoparasites

Rh. M.bl. E. ser. FPap. Pip. Nye. PL

Ectoparasite meh. pun. isab.  pp. hub. I aus,  Lotat

23 5 ? 3 27 1 2 92
Cacodmus vicinus e — _ _ 1 e _ 1
Nyeteribia (N.) latreills e 2 ot e b - s 9
Nycteribia (A.) vezuln - 3 = = - e it 3
Stylidie articulata 7 — — - — i — 7
Baasslia (B.) mediterranen . s — 1 — - _ 1
Brachytursna flavipennis 40 — — - — g = 40
Tachnopsylius (1.) congimilis - - — - 10 w2 = 10
Ischnopsylius (1.) intermediits - - 1 2L s s - 1
Rhanolophopsylla u. arabs 1 32 — -~ — - _ 23
Total 48 37 1 1 11 — - 98

Basilia (Basilia) mediterranea Hilrka, 1970

1<, 29. 4. 1980, Pipistrellus pipistrellus (Schreber) ¢, El Beida evn,, Cyrenaica.

This is the second find of the species described from Mallorca and known
only in the male sex. The specimen agrees well with the holotype; differences
in chaetotaxy: ctenidium with 59 spines, 5th abdominal sternum bears 15 spi-
nes, third abdominal sternum with 3 rows of small bristles on the surface.
Length 2.4 mm.

Streblidae

Brachytersine flavipennis Macquart, 1851

1744, 2399, 23. 4. 1980, R. mehelyi, cave in Vadi el Kuf, Cyrenaica.

Circummediterranean cave-dwelling species described from Algeria and in the
southern part of its area found also in Morocco, Tunis. Egypt and Israel. The
average infestation of 23 examined bat specimens was 1.7, maximally 7 flies
were found on one host bat.

Ischnopsyllidae

Ischnopsyllus (Ischnopsyllus) consimilis (Wahlgren, 1904)

14, 209, 16. 4. 1979, 19, 12, 20. 4. 1980, 499, 3. 5. 1980. Pipistrellus kuhli (Kuhl}),
Ain Zeyanah; 12, 7. 5. 1980, P. kuhli, Antique ruins of Sabratha.

Only 7 specimens (249, 59%) of this rare species are mentioned in literature.
Wahlgren (1904) described the species according to single female collected
in the neighborhood of Cairo, Egypt, ex Rhinopoma microphyllum (this speci-
men is lost), Smit (1953) described the male (designated as neotype) of this
species. found in Lower Egypt (Dakahlia Province) on Pipistrellus kuhli and
the same author (Smit, 1954) redescribed the female from the sample of 1d,
20% collected in Israel from P. kuhli. Last but not least Lew1s (1962) recor-
ded 292 from Lebanon, one from P. kuhli, the other from P. pipistrellus.

From the given data it seems evident that I. consimilis represents an East-
mediterranean faunal element parasitizing Pipistrellus kuhli as a principal
host, Lewis {18962: 58) supposes a low frequency of this flea in bat popula-
tions as he found only one flea specimen on over 70 Pipistrellus kuhli, Our
sample of 9 fleas was collected on 24 specimens (533, 1922) from a dispersed
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colony of this species in an abandoned solitary house. The remaining female
was found on one examined female Irom the colony of about 35 specimens in
ruins of an ancient Roman iown.

Two males and eight females from Libya agree very well with the redescrip-
ticn of this flea species by Smit (1953, 1954) except for the number of spines
in the ctenidia, which are in average lower, mainly on terga 1 and 4—6&. The
counts of the spines in the ctenidia of the known specimens are as follows:

males females

Libya Egypt  lsrael Libya @ Ezypt Israel
Pronotum 25 26 25 28 25—28 27 28 a7 27
Metanotum 24 28 25 27 2229 25 24 26 28
Tergum 1 8 8 12 12 6—10 8 12 12 10
Tergum 2 22 24 22 29 18—25 22 20 24 23
Tergum 3 20 20 20 26 16—21 19 18 20 18
Tergum 4 15 17 7 21 14—17 16 18 18 16
Tergum 5 12 13 13 13 10—13 12 14 14 11
Tergum 6 9 11 13 15 9—11 10 12 12 10

Ii seems, in spite of the rather limited material, that the counts of spines
in the ctenidia increase in the eastern direction. Also the number of bristles
on the sternum 7 in females is lower (7-—12, aver. 9) in the Libyan sample
than in two specimens from Israel {6 and 6 on one side — Figs. 9 and 10 by
Smit, 1954). Under the collar of mesonotum there are 2—3 pseudosetae in the
Libyan specimens. Body length of males 2.0 and 2.1 mm. of 8 females 2.1—2.4
mm {aver. 2.3 mm).

Ischropsyllus (Ischnopsyllus) intermedius (Rothschild, 1898)

19, 6. 5. 1980, Eptesicus serotinus isabellinus (Temminck), Tripoli — Sidi Mesra.

Westpalearctic flea known in North-Africa only from Morocco (Grenier,
1957); 33 km SE Casahlanca 1 male was found on E. s. isabellinus. Female
from Tripoli agree in all {eatures with the European specimens,

Rhinolophopsylle unipectinata erabs Jordan et Rothschild, 1921

2044, 1222, 2. and 7. 4. 1979, Myotis biythi punicus Felten, Sabratha; 1¢, 23. 4.
1980, Rhinolophus mehelyi Matschie, cave in Vadi el Kuf, Cyrenaica.

Rhinclophopsylle unipectinata (Taschenberg) is distributed in southern half
of the Palearciic region and in the North-West Himalays. The Northafrican sub-
spectes was described from Guelt-es-Stel and Qudna Mesnil in Algeria, repor-
ted from Tunis {(Vermeil, 1861) and recently found also in Moracca (R o u-
sselle, 1968; Beaucournu, Léger, Rosin, 1975; Hastriter, Tip-
t o n, 1975). The sample from Algeria was associated with Rhinolophus ferrum-
equinum and Rhinolophus sp., that from Tunis with M. b, punicus and in
Morocco the subspecies was found on M. b. punicus (given as Myotis myotis)
and Rhinclophus ferrumeguinum.

The infestation of five examined Myotis blythi punicus from Sabratha ruins
was relatively high: § — 3, ¢ ad {(pregnant} — 21, ¢ —1,d — 2, @ ad — 5, pro-
bably caused by the isolated occurrence of the hests. On the contrary only
one flea has been found on 23 examined R. mehelyi from the cave in Vadi el
Kuf.
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In the morphological characters ihe Libyan specimens agree with the original
description by Jordanet Rothschild {1921} as well as with the drawings
by Hastriter and Tipton (1975) based on specimens from Moroceo. The
body length of 20 males 2.10—2,70, in average 240 mm, that of 12 females
2.05—2.70, in average 2.45 mm.

Figs. 2—8: Sternum 7 and sternum 8 of females Rhinolophopsylla unipectinata: 2 -
R, u. ergbs, Libva. Vadi el Kuf, 3 — R. w. arabs, Libva, Sabratha; 4 — R. u. uni-
pectinate, Albama mer.; 5 — R. u., unipectinata, Czechoslovakia, Moravia mer.; § —
R. u. turcestanica, Kirgizia, Osh env ; T — R. u. turcestanica, Uzbekistan, Samarkant
env.; 8§ — R. u. indica, allotype.
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The differences in the shape of sterna 7 and 8 and in the chaetotaxy of ster—
num 7 in the female sex between all four described subspecies of R. wuni-
pectinata (Tasch.) are evident from Figs. 2—8.

Zoogeographical comments

OCnly the coastal parts of Tripolitania and Cyrenaica have been investigated
for insect bat ectoparasites. From the nine ascertained species the smaller part
is of the Westpalearctic distribution (N. latreillii, N. vexata, S. biaticulata, I.

; 7 A
s ] 5 *
/ f\-—\,—‘/?)
®
Fig. 9. Southeastmediterranean distribution of Ischnopsyllus (1.} consimilis.

intermedius), the remaining larger portion belongs to the Mediterranean fauna.
From these Brachytarsina flavipennis and probably also Basilia mediterranec
- are species with the Circummediterranean distribution, while Cacodmus wvici-
nus and Rhinclophopsylla unipectinate arabs are distributed only in the sou-
thern part of this area; Ischnropsyllus (l) consimilis is a Southeast-Medi-
terranean element entering Tripolitania.
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RESPONSE TO PESTICIDES OF DIAPAUSING FEMALES TETRANYCHUS
URTICAE (ACARINA, TETRANYCHIDAF)

Johana HURKOVAN and FRANTISEK WEYDAZ)
Received December 17, 1980

Abstract Diapausing females T. urticae from a pesticide-susceptible population
from Cheléice were more resistant to metidathion, monocrotophos, amidothion, azin-
phosethyl, vamidothion, diazinon, thiometon, mevinphos, dimefox, amitraz, dinocap,
fenson, dieofol, CPCBS + BCPE, cyhexantin, chlorobenzilate, methomyl and carbo-
furan compared with active females of the same provenience. Tolerance to thio-
meton, found 1n diapausing females, disappeared throughout 6 days termination of
diapause.

INTRODUCTION

Diapause 1n females of the two-spotted spider mite, Tetranychus urticae
Koch, is characterized by some conspicuous features which made this species
a favourable object of studies of its manifestations. The diapausing females
differ distinctly from the active forms especially in colour: the active fema-
les which feed, lay eggs and discharge two types of excretions are greemish-
~vellow with two marginal black spots of the large mesenteral sacks while dia-
pausing females are orange-red, transparent without any visible content in the
digestive and reproductive organs. This orange-red colour 1s presumably due
te high amount of carotenoids soluble in body fats (Veerman, 1977, 1980)
while the change of colour from green to red indicates the entering of diapause.

The induction of diapause in females of Tetranychus wurtwcae has been studied
by several authors (Dubynina., 1865; Bondarenko, 1958; Veerman,
1977, 1980) all of whom consider the photoperiod the decisive factor inducing
diapause. Only Bondarenko (1958) concedes that the quality of food may
also 1induce diapause during the season when the host plant is heavily damaged
by spider mites and its metabolism seriously changed.

Whatever the factors inducing diapause, the orange-red coloured females
of T. urticae are the forms capable of surviving unfavourable situations in the
environment such as winter season 1in certain geographical latitudes, lack of
suitable green food, increased humidity up to flooding or the action of pesti-
cides (French & Lundiam, 1973; Houter, 1876; Hussey, 1977; Hlir-
k ova, 1978).

While monitoring the twao-spotted spider mite for resistance in greenhouse
(Fiirk ova, 1978) and hop-gradens populations (Harkova, Gesner, 1978;
Gesner, Hirkova, 1979 we sometimes found diapausing females of this
species on heavily damaged host plants during the vegetation season (July
through October) and observed great numbers of these forms to survive pes-
ticide treatments. We found the diapausing females more resistant to some
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acaricides (Harkova, 1978). The active females were prone to rapid induc-
tion of diapause by some chemicals. The change was indicated by lowered
egg-laying, discontinuation of feeding, reduced excretion and, especially, chan-
ge of colour,

MATERIAL AND METHODS

Susceptible population of T. urticae was found 1n a 2-year old chemically untreated
plum orchard in Cheléice (district Strakonice, Southern Bohemia). In September
1979, 106 strips of corrugated paper were placed in this orchard. During September
and October, the decisive number of diapausing females took shelter for hiberna-
tion within the strips (about 10 000 individuals)

CON(C;Hs); CH,

VSCHT 4 \ I VSCHT 6

o~ “CH, o~ CH,

CONI(CyHs),

Figs. 4. 5 — Experimental compounds VSCHT 4, VSCHT 6

Intoxications of diapausing females T. urticae were carried out in January and
February 1980 i. e 1n the fourth and fifth month of diapause The females trans-
feried from the outside were allowed to acclimatize for 48 hours under room tem-
perature and then exposed to pesticide-treated leave discs without preliminary
feeding

Intoxications of active females of the same population were performed during
October 1979 through June 1880, while this population was bred on Phaseolus vul-
garis under a temperature of 22 1-29C and a 16-hour photoperiod. The same con-
ditions were used for diapause termination.

The method Wwas based on the modified FAQ standard testing method {Anony-
mous, 1974) as described previcusly by Hiirkova (1977, 1978). The empirical mor-
tality values counted after 48 hours of exposure were referred to statistical eva-
luation by probit analyse on a Hewlett-Packard 10—98 A calculator. In experiments,
devoted to the effect of chemical treatment on the induction of diapause, the reduc-
tion of oviposition and the change of colour were compared with untreated control
females

Pesticides: Organophosphorous insecticides. Azodrin 60 (60", monoccrotophos),
Shell; Thiceron 30 EC (30%,; amidothion), Ciba-Geigy; Gusathion A (50", azinpho-
sethyl), Bayer; Ultracid (40", metidathion), Ciba-Geigy. Ekatin (20%; thiwometon),
Sandoz; Phosdrin 24 EC (24%, mevinphos), Shell, Terra-Sytam (50°,; dimefox), Mur-
phy: Diazinon 60 (60", diazinon), Ciba-Geigy; Kilval (40", vamidothion}, Rhéne-
~Poulenc.

Specific acaricides: Mitac 20 EC (207, amiiraz). Chemie Linz; Milbol EC
(25", dicofol), Delicia, Akar WP (25", chlorobenzilate}, Ciba-Geigy; Rospin 25 EC
(25", chloropropylate), Ciba-Gelgy; Karathane FN-57 (25", dinocap), Rhom & THaas:
Plictran 25 W (25", cyhexantin), Dow: Mitran (50", CPCES$ -4 BCPE), Nippon Soda:
Mitex (20"y [enson), Murphy. Fungicide: Morestan (25", chinomethionat), Bayer.
Carbamate 1nsecticides: Furadan 75 WP (75", carbofuran), FMC; Lannate 90 WP
(90", methomyl), du Pont.

Experimental compound: VSCHT 4 (Fig. 4 and VACHT 6 (Fig. 5). These
two componuds from a series prepared in the Institute of Chemical Technolo-
g7 1n Prague were diluted in aceton and emulgated by 0.1%y Tween 80. All other
pesticides were either commercial products tested in the Central Agricultural Con-
trol and Testing Institute in Brno or samples provided by producers for experimen-
tal purposes.
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Table 1. Respose of the active and diapausmg females 7. urticae of u pecricide
susceptible population (A = active, D = diapausing)

Active 95%, L G0 D
ingredient. 2% Slope LC 50 probabulity LOH ——
of pesticides Imts LC30A
1. metidation A 1.47 0.0007 0.0006 — 6.000% 0.0052 —
D 2,64 0.0038 0.0029 — 0.0052 0122 §.4
2. monocrotophos A 3.13 ¢.0008 0.0007 —0.0009 0.0022 —

D 4.13 0.0096 0.0085 —0.0110 0.0197 10.9

3. amidothion A 3.24 ¢.0010 L0008 —0.0013 0.0026 —
D 3.56 00362 0.0299 — 0.0439 0.0829 36.2
4, azmphosethyl A 3.90 0.0011 0.0010—-0.0013 00024 —
D 2.86 0.0022 0.0015 - 0.0030 £.0063 2.0
5. vamudothion A 4.86 0.0018 0.0016— 0.0020 0.0084 —
D b.11 10532 0.0478 - 0.0592 0.0306 20.5
6, diazinon A 2.76 0.0025 0.0011 - 0.0033 0.0074 —
D 1.72 0.0043 0.0037 — 0.0050 0.0096 ' 1.7~
7. thiometon A 3.59 0.0087 0.0086 —0.0088 0.0121 -
D 5.08 0.0502 0.0444—0.0566 ~ 0.0897 5.7
8. mevinphos A 1.54 0.0227 0.0167— 0.0437 0.1532 —
1] 3.95 0.0855 0.0814-0.1121 .2813 4.2
9. dimefox A 2.78 0.0265 0.0204—0.0284 0.0715 —
D 4.62 0.1152 0.0994—0.1415 0.2221 4.8
10. amitraz A 3.70 0.0048 0.0044 —0.0053 0.0108 -
D 3.66 0.0345 0.030:0— 0.0398 0.0794 7.1
11. chinomethionate A 2.08 0.0452 0.0041 - 0.0067 0.0141 —
b 3.33 (.0044 0.0039 — 0.0050 00108 .8

12. dinocap A i.14 ¢.0094 0.0088 —0.0195 0.0506 —

D 3.156 00290 0.0247 —0.0387 0.0739 3.0
13. chloropropylate A 3.12 0.0168 0.0101 —0.0212 0.0421 -
D 395 0.0162 0.0145—0.0180 0.01342 1.0
14. fenson A 3.48 0.0284 0.0254 - 0.0317 t.0862 —
D 1.62 (0.0886 0.0671 —0.0171 0.5464 3.1
15. dicofol A 2.36 0.0496 0.0387-0.0712 0.1734 At
I 2.53 0.0596 0.0478 —0.0743 0.1030 1.2
16. CPCBS+ BCPE A 2.20 0.0650 0.0453—0.0953 0.2481 —
D 1.56 0.3237 0.2301 —0.4363 2.1334 5.0
17. eyvhexantin A 2.30 0.0848 0.0646—0.2063 0.2355 2
D 2.33 0.3166 0.2541 —0.3943 1.1233 3.7
18. chlorobenzilate A 2.84 0.0885 0.0648—0.1386 0.2496 —
D 2.88 0.1061 0833 —0.1252 ¢.2929 L
19, methomy! A 3.62 0.0431 0.0376 - 0.0495 0.0974 =
D 1.80 0.1183 0.0912—0.1470) 0.6055 2.7
2(. earbofuran A 3.64 0.0745 0.0580—0.0901 01713 —
D 3.42 02717 0.2481—0.2074 . 6434 3.4
RESULTS3

1. The response of diapausing T. urticae females was compared with that of
active females of the same population (Table 1). Higher LC 50 values 2 — 36X
were found in diapausing fermales for all 9 tested organophosporous compounds
and for 7 specific acaricides out of 8 testes (1.2—7< higher LC 50). Only chi-
nemethionate and chloropropylate exhibited equal toxicity to both diapausing
and active females. Two carbamates were 3 or 4X more toxic to active fema-
les compared with diapausing ones.
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Hence, a fresh evidence has been provided of higher tolerance in diapausing
T. urticae females to organophosphorous insecticides which at the same time
were more toxie to active forms of the used strain. On the other hand. lower
tolerance was found to specific acaricides which were less toxic even to the
active females.

-
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Fig. 1 — Probit-log regression lines for 20 pesticides tested on the active females

T. urticac Koch of a pesticide susceptible population from an orchard in Cheléice

2. A gradual decrease of LC 50 values with thiometon was observed during
6 days od diapause termination in the two-spotted spider mite population from
Cheléice (Fig. 3). LC 50 = 0.05% was determined in diapausing females 48 hours
after their transfer to room temperature. These females had not fed for 6 mon-
ths and in the following 48 hours when they began to feed on beans, LC 50 de-
creased to 0.01%,. On the fifth termination day LC 50 decreased to 0.008%, and
on the sixth day it was even lower (0.007"%,) than in active females normally
bred on the host plant (0.0085" ). This gradually decreasing LC 50 proved that
no real resistance is involved in the diapausing forms. Ovipaosition started wit-
hin 36 hours after the beginning of feeding, On the tenth day, the natural
mwortality of the averwintering females reached 73.5", and the average number
ol eggs laid was about 30 per one female.

3. The induction of diapausal characters in active fzmales of T. urticae from
Cheléice is reviewed in Table 2. In females treated with a 2.5% concentration
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of VBCHT 4 or VSCHT 6 oviposition reached only 13.3%, or 16.0°, and in fe-
mules treated with 1.25", concentration 40.8% or 26.0°% as compared with un-
treated females. Almost all surviving females were pink coloured (100", with
1.25% VSCHT 4 and 93.6% with VSCHT §), they stopped feeding and oviposi-
tion and the content of digestive organs began to be reduced.
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Fig. 2 — Probit-log regression lines for 20 pesticides tested on the diapausing fema-
les T. urticae of the same population

DISCUSSION

Diapause in the females of Tetranychus urticae is of substantial impeortance
for the practical management of this secondary pest. French & Lundlam
(1973) stressed the necessity of monitoring the presence of diapausing females
in greenhouses when timing chemical treatment. The experimentally proved
higher tolerance of diapausing females to most pesticides fested (Houter,
1976. Hurkov4a. 1978 and the present paper) may be responsible for the
failure of chemical treatments especially in greenhouses where a part of the
population is in diapause.

Diapausing females do not affect the host plant, because they neither feed
nor reproduce; this should be taken into account in a more sophisticated in-
tegrated plant production management. It also seems that diapause in T. urti-
cae is not obligatory and may be quickly induced by a complex of factors also
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as & transient physiological state, manifested by a conspicuous change of colour
and the discontinuation of feeding and aviposition. These problems have been
studied also in further detailed studies directed especially at morphology, ana-
tomy and physiclogy (W ey d a, 1982 in press).
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Fig. 3 — Decrease of thiometon-resistance in females T. urticae Koch during 6

days of diapause termination (2, 4, 5. 6 = days of termination)
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(NEMATODA: CYSTIDICOLIDAE)
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Abstiract. Bionomics of the nematode Cystidicoloides tenuissima (Zeder, 1800),
a parasite of trouf, was studied in the Cernovicky Brook (the Elbe River basin)
in Czechoslovakia in the years 1977—78. The mayfly Ephemera danica Mull was
found to be the only intermediate host. No substantial seasonal changes were ob-
served in the degree of infection of mayfly nymphs, but this remained high during
the whole year. It was evidenced for the first time that the hife cycle of this para-
site mvolves natural paratenic hosts (the fish Cottus gobio). In contrast to other
localities, € tenuissimae has no distinet generations Here, but gravid females lay
eggs throughout the year, seasonal changes are quantitative only. A comparison of
data from the Cernovicky Brook with those obtained from another locality n
Crechoslovakia (the Bysifice River) reveals that the seasonal maturation cyele of
C. tenuissima 15 induced by ecological factors, particulaily water temperature and
seasonal changes in the populations of intermediate maytly hosts.

The nematode Cystidicoloides tenuissima is 1 frequent and widely distribu-
ted parasite of salmonids in the Holarctic. Its life cycle involves obligatory in-
termediate hosts, which are various species of mayflies (Chogquette, 1955;
Moravec 1971 a, b: De and Moravec, 1979). The population biology of
this species was studied for the first time by Moravec (1971 b) in the years
1967—68 in the trout river Bystfice in Czechoslovakia and later also by some
other authors in HEurope and North America (Awachie, 1873; Hare and
Burt 1975, Alvarez Pellitero, 1976). In 197778, the present authors
carried out some observations on the biclogy and ecology of this parasite in
the Cernovicky Brook near Tabor, Czechaslovakia, whare ecological conditicns
[or the develepment of C. fenuissima are quite different from those in the
River Bystiice, the results obtained are presentad i1n this paper. The seasonal
maturation cycle of C, tenuissima was found to be of other type in this loca-
lily, compared to available records from other European localitiss (Moravec,
1971 b; Alvarez Pellitero, 1976) enabling thus a more precise determi-
nation of factors influencing the circulation of this nematode in the environ-
nient

MATERIALS AND METHODS

The population dynarmces of C. fenuissima was followed 1n brown trout (Salmo
trutta m. farto L) from the upper reaches oi the Cernovicky Brook near Tabor
{the Elbe River basin) in South Bohemia, Czechosioovakia. Fish samples were taken
at regular monthly intervals by means of an electric fishing machine from a locality
near the willage of Mlyny from September 1877 to October 1978 (see Table 1). Imme-
diately after the transfer to the laboratory in Prague the fish were examined for the
presence of helminth parasites. In addition to 270 specumens of brown trout {S.
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Table 1. Survey of Salmo trutie m. fario exammed from the C‘ernovmkf Brook
and their infection with Cystidicoloides tenuissima

No. Neo. Incidence Intensity Body length
Year and Month of trout of trout of mfection of trout m em
examined mfected (%) {mean, range) (mean, rangs)
1977
Reptember 12 12 1040 27 (2 - 10w 23 (14— 34)
Oetober 13 18 100 18 ¢{ 4 -83y 24 { 3—39)
November 22 22 100 24 ( 164 21 ( 8—37)
Decernber 27 25 92,6 J30( 1--9m 20 { 6—29)
1978
January 22 23 100 37 (1—-111) 18 | 6—26)
February 10 19 100 117 {17-424) 22 (1421
March 20 19 95 34 (7—210) 17 ( 7—23)
April 18 18 100 BG (B— 363) 21 (15—25)
May 18 16 88.9 73 (B —223) 19 ( 7—25)
June 27 27 100y B3 (16— 199) 19 (13 —256)
July 214 2F 93.1 138 {6 —415) 19 ( §—37)
August 17 17 100 856 (12-214) 21 (18— 25)
Heptember 17 17 100 40 (1 —132) 20 (18 —23)
October 13 13 100 43 [ G -98) 21 {11—35)
Total ] 263 a8 58 (1 —424) in( 6—3W

trutte m. fario L), also 1 brook trout (Salvelwmus fontinalis (Mitehill)), 3 roach
(Rutfilus rutilus (L)), 2 loach (Noemacheilus harbatulus (L)), 1 eel {(Anguilla an-
guilla (L.)), and 26 bullhead (Coftus gobio (L)) were examined from this locality
Benthie invertebrates were sampled irregularly throughout the year and these were
compressed and examined microscopically for the presence of helminth larvae. The
following invertebrates were examned in this way:larvae of aquatic insects® Ephe-
meroptera 1080 specimens (Ephemere danica 657, Baetis 173. Rhithrogena 121, Eedyo-
nurus 59, Paraleptophlebia 39, Habrophlebia 13, Ephemerelle 11, Habroleptoides 4,
Caenis 1), Plecoptera 121, Trichoptera 71. Diptera 340, Megaloptera 5; Olhigochaeta-
33 specimens, Mollusca (Ancylus, Pisudium): 28 specimens The characterization of
the locality has been given in a previous paper by Moravece (1880) dealing with
the biclogy of the nematode Cucullanus truttae.

OBSERVATIONS

1. Intermediate and paratenic hosts of C. tenuissima:

Maygfly nymphs Ephemera danica Miill., which are very abundant in this
locality, were found to serve as the only intermediate hosts of C. tenuissima.
Out of the 657 mayflies examined during the pericd from October to July of
the following year. 80%¢ were infected by C. tenuissima larvae, the intensity
being 1—22 nematodes per mayfly. The nematode larvae were located free in
the body cavity of the intermediate host, most often in the abdomen, but also
in the thorax or even in the legs.

Owing to irregular sampling of invertebrates and due to unbalanced samples
from individual months it is impossible to determine precisely seasonal chan-
ges in the degree of infection in the intermediate mayfly hosts: however, the
results obtained indicate that the infection degree does not exhibit any sub-
stantial seasonal differences, but remains high throughout the year. In E. da-
nica nymphs infected with C. tenuissima, the infection degree is directly related
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to the body size of mayfly larvae. This relationship is abvious, e. g., in & mayfly
sample collected in this locality in November 1977. In the size groups of may-
flies with bhody lengths (without cerci) 2125, 16—20, 1115 and 6—10 mm
the incidence was 91.8%%, 78.8%,, 687"} and 4.8', and mean intensity of in-
fection 3.7, 2.6, 1.7 and 1.0, respectively. Similar situation was in the other
months, when a sufficiently large number of mayflies were coliected. From
October 1977 to July 1978, the incidence and mean intensity of infection in
individual size groups of mayfly nymphs were as follows:

Mayfly size: Incidence: Mean intensity:
21—25 mm 87—100" 3.1—9.0
16—20 mm 50—95%, 2.3-—-5.2
11—15 mm 63-—690, I 1.5—1.7
6—10 mm 567" 1.0-—-31

Even though the infective larvae of C. tenuissime were recorded only in
Ephemere danica nymphs in this locality. it is probable that also other mayfly
spzcies (e. g. Habroleptoides, Habrophlebia) may become occasional intermediate
hosts of this parasite; their significance for the local population of the parasite
is. however, negligible,

Infective C. tenuissimea larvae were recovered also from 2 of the 26 examined
bullhead, Cottus gobio (body length 10—13 cm), which may be regarded as
paralenic host. All the larvae (20 and 27) were of the third stage and were
" located like in the definitive host, 1. e., they were attached to the mucosa of
stomach. Since bullhead are often a prey of trout, they may thus represent
a complementary source of C. tenuissima infection for trout.

2. Definitive hosts of C. tenuissima and their food:

Brown trout, Salmo trutta m. fario, were found to be the only definitive
hosts in this locality, Although Selvelinus fontinalis may be considered a po-
tential host, it is uniportant in this lecality due to its rare occurrence.

The examinations of trout stomachs revealed that an important component
of their diet are in the course of the whole year benthic invertebrates {larvae
of agquatic insects, oligochaetes and mollusks), being dominant particularly in
winter months. In the period from August to October. however, terrestrial
insects and imagoes of aquaticv insects prevailed. Bullhead and small trout
were occasionally found in stomachs of larger trout. Mayfly numphs (including
Ephemera) were recorded in the trout diet all the year round.

3 Ocecurrence of C. tenuissimeae in trout:

A total of 270 trout were examined and 263 (98" ) of them were found to
be infected with C. tenuisstma (a survey of frout examined and their infection
in individual months is shown in Table 1). The incidence remained high during
the whole year, but the curve of mean intensity (Fig. 1) shows two distinet
peaks: after a sudden increase in February follows a strong decrease in March.
since April the intensily is again increasing to attain the second, highest level
in July: in August nccurs a sudden drop which lasts till JTanuary.

There is a distinct relationship between (. tenuissima infection in trout and
the size of trout body. This is due to the ability of these fish to swallow in-
termediate mayfly hosts and differences in the diet of individual size groups
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of thesa hasts. The smallest trout in which C. teruissima infection was recorded
measured some 6 cm (O*) only. As it is shown in Fig. 2, the incidence in trout
smaller than 10 em was only 73%, but in all larger size groups it was about
100%,. However. the curve of mean intensity of infection shows that the in-
tensity was gradually increasing to aftain the peak only in frout measuring
20—20 cm (age 2—3 years) and again somewhat decreasing in fish of larger
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Fig. 1. Variation of incidence (——— )} and mean intensity (----- ) of €. tenuissi-

me infection in brown trout of the Cernovicky Brook in the period from Septem-
ber 1977 iill October 1878,

size groups. The decrease of mean intensity of infection in largest (oldest) trout
seems to be due to the fact that the proportion of benthic invertebrates in
their diet is smaller and these trout increasingly feed on small fish.

4. Seasonal changes in maturation of C. tenuissima:

It is evident from Fig. 3 that C. tenuissima larvae of the third and fourth
stage are present in trout throughout the year and in winter months they
represent the greatest part of the samples; their proportion in the sample
markedly decreased only in May. The constant presence of third-stage larvae
indicates that new infections occur in trout in all months. Males and females
with immature eggs in their uteri were recorded in the course of the whale
year, while gravid females with mature eggs {containing larvae) were present
mainly in the perioed from May to December and occasionally also in February
and March. The values obtained, however, suggest (Fig. 3) that gravid fema-
les may individually occur even in the remaining two menths (January and
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April). Consequently, the oviposition 1n this locality takes place practically
during the whole year, but largely in warmer period from May tc November,
C. tenuissima does not create separated generations here, but 1ts seasonal ma-

turation cycle 1s manifesied only quantitavely.
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Fig. 2. Dependence of incidence ( ) and mean intensily (------ ) of C.

tenussima infection on the body length of brown trout.

DISCUSSION

Linstow (1872) seems to be the first author who found C. tenuissima
larvae in the intermediate host. He described spiruroid larvae recovered Irom
mayfly nymphs Ephemera vulgata and Oligoneurie (= Qligoneuriella) rhenana
in Germany, designating them Filaria ephemeridarum; under this name he
obviously included larvae of the genera Cystidicoloides (C. temussima) and
Rhabdochona (see Moravec, 1972). More recently only Choquette (1955)
recorded infective larvae of C. tenuissima from nymphs of two mayfly species
1in Canada, namely in 40%, of Hexagenia (= Liiobranche) recurvata and occa-
sicnally also in Polymatarcys (= Ephoron) sp. In Europe, Moravec (1971 b)
found the nymphs of Habroleptowdes modesta and Ephemera sp. (probably
E. danica) to serve as natural intermeciate hosts of C. tenuissima in the River
Bystiiee in Czechoslovakia. Although in Ephemera sp. the incidence was mar-
kedly higher (40") than in H. modesta (1.7%¢), due to different abundance of
these species in the locality a decisive source of infection for trout was the
species H. modesta. On the other hand, our results from the Cernovicky Brook
suggest that Ephemera danice, which is very abundant here, is almost the
only intermediate host of C. tenwissima in this locality, the incidence being
nearly 100%, in older nymphs and intensity of infection as much as 22 larvae
per mayfly. Infective larvae of this nematode were found in E. danica nymphs
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also by Vojtkov a (197]1) in Czechoslovakia, Arvy and Sowa (1976} in
Poland and Svensson {personal communication} in southern Sweden. Also
Awachie (1973) mentioned a frequent occurrence of unidentified spiruroid
larvae in E. danice in a trout stream in Great Britain where he studied the
pepulation dynamies of C. tenuissima. The records suggest that mayflies of
the genus Ephemera, particularly the widely distributed and abundant species
E. danica, belong to the most frequeni intermediate hosts of C. tenuwssime in

%
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Se Oc ' No De ' Ja ' Fe  Ma ' Ap May Jun  Jul  Au ' Se  QOc

1977 1978

Fig. 3. Monthly changes in occurrence and state of maturity of C. tenuissima 1n
biown ficut of the Cernovieky Brook 1m the period irom Seplember 1977 il Octo-
ber 1978. The data are expressed as percentages of ihe total number of nema-
todes found per month third- and fourth-stage larvae (unsheaded), males (stippled),
females contaiung immature eggs (obliquely hatched), and gravid females con-
taiing mature eggs (blackened).
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Europe. In some localities, however, other mayfly species are the most im-
poriant intermediate hosts.

So far, no paratenic hosts have been known to participate in the life history
of either C. tenuissima or other related nematode groups and the intermediate
hosts (mayflies) have been considered a single source of infection. Only the
experiments of De and Moravec (1979 showed that loach (N. barbatulus)
can become paratenic hosts of C. tenuissimae. The fimding of infective larvae
of this nematode in bullhead (C. gobio) in the Cernovicky Brook (these lar-
vae were recovered from the same host also by Moravec (1971 b) in the
River Bystfice) confirms that paratenic hosts of C. tenuissima occur alse un-
der natural conditions. This fact is important from the epizootological view-
point, as it indicates that though the intermediate mayfly hosts are the main
source of infection for the definitive host, trout (particularly the older ones)
may acquire C. tenuigsima infection partly alse through paratenic hosts —
forage fish. Since both bullhead and loach often occur in the same places as
trout. which are feeding on them, this way of infection is not quite insignifi-
cant, Only larger specimens of bullhead and loach can serve as paratenic hosts
owing to their ability to swallew the intermediate mayfly hosts; this is con-
firmed also by our observations from the Cernovicky Brook. Also small
specimens of trout may become a source of C. temuissime infection in larger
trout as a result of their frequent cannibalism.

The seasonal occurrence and maturation of C. tenuissime in trout from the
HRiver Bystfice in Czechoslovakia was studied by Moravec (1971 b) who
found that this nematode has two distinct generations in this locality — a
spring generation and a less numerous autumn one; gravid females producing
eggs were present only in the periods May-July and September-October. The
same results were later obtained by Alvarez Pellitero (1976) in trout
from several rivers in Epain. On the other hand, Hare and Burt (1975) ob-
served in salmon in Canada that gravid females of C. fenuissima were present
during the whole period of investigation (May-November), but in August-Sep-
tember their proportion in the samples markedly declined. The authors did not
differentiate females with mature eggs from those with immature eggs and
therefore ther data are not comparable with the ours. They state that “the sea-
pattern of C. tenuissime is similar to that reported by Moravee (1971 b)".
However, our observations in the Cernovicky Brook show that the parasite
does not exhibit two generalions a year here, but a single mixed generation.
so gravid females with mature eggs are present in the locality mainly from
May to November-Decembber (maximum numbers being in July-September)
and occasionally survive during following winter months till spring (Fig. 3).

A comparison of data from two different localities in Czechoslovakia reveals
that the pattern of seasonal maturation of C. teruissime may be different
in different localities in dependence of local ecological conditions. The most
important factor influencing the seasonal maturation cycle is undoubtedly wa-
ter temperature affecting the length of C. tenuissima development in the inter-
mediate and definitive hosts, as well as the survival of adult nematodes in the
host. Alvarez Pellitero {(1976) noted that in the lower reaches of rivers.
where the water temperature raises earlier and more slowly, the maturation
cyeles of Lhis nematede are more rapid than in the upper reaches. The direct
elfect of the temperature is apparent also from the fact that in some helminths
parasitic in the [ish digestive tract the increased water temperature (above
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20 °C) induces their passing out of the host body which was evidenced expe—
rimentally also in C. tenuissima. In such cases the increased water tempera-
ture in summer months may cause that the old generation of the parasite
rapidly leaves the host but a recruitment of the new one is still impossible.
This seems to be one of the main causal factors responsible for the separation
of springg and autumn generations e. g in Raphidascaris acus (see Mora-
vec, 1979). A similar situation is apparently with C. tenuissima in warmer
localities as in the River Bystiice in Czechoslovakia (Moravee, 1971 b) or
in the rivers of Spain (Alvarez Pellitero, 1976). However, in colder
lecalities, where the maximum water temperatures are still suitable for C.
tenuissima, this summer “interruption” does not occur, so the spring and
autumn generations are not separated. Moreover, in contrast to warmer lo-
calities, the development of nematodes in the definitive host is slower and
they reach maturity much later. Apparently this is the case in the Cernovicky
Brook where, according to our measurements, the water temperature in the
warmest season (July-September) reached only 12—14 °C.

In addition to the direct effect of temperature, which is given by the tem-
perature régime in the respective locality, the seasonal rhythms in matura-
tion of C. tenuissima are influenced as well by the species composition of
intermediate hosts. The seasonal changes in the availability of infective ne-
matede larvae for the definitive host, due to differences in the population
dvnamiecs of intermediate hosis, seem to be the second most important factor
influencing the pattern of maturation in C. tenuissime. In the Cernovicky
Brook, where C. tenuissime has no distinct generations. the mayfly Ephemera
denica is the most important source of infection. The development of this
mayfly lasts two years and so the advanced nymphs are present in the loca-
lity during the whole year enabling thus new infection of trout (Fig. 3). On
the other hand. in the River Bystfice. where two C, tenruissima generations
occur. a majority of its local population develops through the mayfly Habro-
leptoides modesta, which has a one-year life cycie and larger nymphs are
lacking after hatching of imagoes. The recruitment of new infections in trout
ia thus interrupted for some timo. A certain role is also playved by differences
in the periods of haiching of adult intermediate maytly hosts which gccurs
in May and early June in H. modeste, whereas in E, danica it takes place
usually by 1-—2 months later (May-August] (Landa. 1968). Owing to the
fact that maylly imagoes are an important source of C. tenuissima infection
for trout, new infections in fish occur in summer months in case of E. dunica
even though the proportion of benthic animals in the trout diet is usually
low at this time: this source of infection in summer months is lacking in case
of H. modesta.
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Abstract 3 specimens of F, hybrids between (ichlesoma meekt (Brind, 1918)
and Cichlasoma nigrofasciatum (Gunther, 1869 and 13 specimens of Cichlasoma
meekt from aguarma were examined with regard to 8 plastic and 9 meristic cha-
racters Computed chatacteristics were compated with published data concernung
both species

MATERIAL AND METHODS

All specimens examined were originally kept 1 tank by Czechoslovak aquarium
hobbyists, after death they were preseived 1n formalin and spirit Measurements
of plastic characters were made by means of dividers with the accuracy — 05 mm,
the eye diameter, the snout length, the length of the postorbital part of the head
and the length of the last dorsal spine with the 01 mm accuracy Meristic cha
racters were counted using the binocular microscope following Regan (1503)

RESULTS AND DISCUSSION

Results are summarized 1n Table 1 and 2 Hybridisation of the female of the
“scarlet chanchito® Cichlusoma meeki and the male of the “convict eichhid’,
Cichlasoma ngrefasciatum was described in the aguarnum hterature by Hroch
{1976) and Sud1k (1976) _

According to these authors, the percentage of rearsd youngs 1s low (4—6")
Living hybrids, 1n their description, are greyish with black, sometimes 1ndis-
tinct cross bars In the centre of the body a black spot 15 often found Males
have a high, precipitous brow, similar to Cichlasoma splurum According to
Sudik (1976), females of hybnids are similar rather to Cichlesoma migrofes-
ciatum Breeding of F| hybrids was not observed in aguaria Breeding of
bath species in nature 1s not mentioned 1n hiterature In aquaria Cichlasome
nigrofasciatum L. eds on free surfaces (flat stones, glass walls of agquarium
tanks) Cichlasome meek: i hollows (the emply flower pot 1s often used 1n
aguarium practice) The coloration of preserved hybrids of Cichlesoma meekr
and Cichlasoma nigrofesciatum 1s vellowish to browmsh with 3—7 cross 1n-
distinct blackish bais and a blackish spot in the centre of the body side
The pectoral fin 1s greyish, other fins are greyish-black (Fig 1)

Hybrids are imtermediate (Table 1 2) They are nearer to Cichlasoma ni-
giofascietum 1n the number of scales in the lateral line and 1n the longitu-

dinal row, 1n the number of rays in the dorsal fin, 1n the body depth in Y

109



£1
(P1—81) ¥1
6/X1
(B/IIIAN —ITAX) 6/IIIAX
6%
4

¥1
g
1T/6T
9L—8¢
€

B—gl 8
#1
(01 —L{N—ITIA) 8/XI
(01 —8/XIX —IAX) 0/ITIAX
(1e—9%) 6%
4

(zr—ot) o1
fc—+)¥%
(o1 —9/oz —o1} 6/61
98 — 8¢
0g

(L1—61) 91
(FTI—€1) ¥1
(6—2/X—11A) 8/%71
(T1—6/IAX—AX) d/TAX
{62 —9z) L2
rd

[L1—%1) g1
{t—g) 9
6/81
¥h—L¥
21

SIaynd 1)

uy maojaad ayy ur 4Ry

Uy (Buw ayt ur s{ny

uy ERDp @1 W s{ey

Mod [BUIPMIAGo] 91} U gafRay
uy [wsaop ey jo jaed gjos

QY] PUR GUIT [RIDIR] ©I[) 810G RB[BIQ

OUI] [8I578] 18T MO Bafiog
SUT] [BIFPE] 2] OAOB SA[BDG
AUI[ [BIIBY i} W SO[AIQ
wia 1w ypfusp Apon ST
suataads 3o soquun g

WIMU DWOSIYNG
X WSSOI T WOSDIY N

(1861 "yRaON)
W past o DUasIIN

EY3UL DHLOSTYI)

WBAu TRUOSHPYL) PUR wanwEnfodfi nuiosnpyar) Ueomilaq SPIGAY Jo mlsjonamip

IS T S[qY

110



Table 2. Plaatio characters of hybrids hetween Cichlasoma nigrafascintum
and Ciwchlasoma meekr

Crchlasoma Crehlasoma
Cachlusomn Rigra- ragrofasciatum
meeke Sfasciatum % Cichlasoma
(Movak, 1981) mieef
Number of specimens 13 fill] 3
The body length 1in mm 47 -4 28 - 86 58— 76
The head length in 9,
of the body length 39435—44) 35 {27--41) 36 {(38—27)
The body depth in 9,
of the body length 48 (42 - 59) 44 (36—53) 44 (43 —45)
The eye diameter m 9,
of the bead length 25 (21— 27) 28 (22—34) 23 (22— 24)
The mterarbital width m %
of the head length 31 (27— 36) 37 (27 —468) 38 (36 —43)
The length of the last dorsal
spine %, of the head length 38 (34— 13%) 40 (27 —58) 28 (35—40)
The length of the pectoral
fin 1n % of the head length 79 (71 —85) 79 (52 —06) 72 (64—176)
"The length of the caudal peduncle
i 9 of its depth 67 (58— 75} 63 (42— 85) 71 (5583}
The snout length in %,
of the length ot the postorbital
Ipart of the head 129 (108 —147) 96 {(73-125) 117 {100 — 130}

Bf the body Iength, the head length in *§ of the body length, the interorbital
width in %y of the head length (altogether 3 meristic and 8 plastic characters)
and nearer to Cichlasome meeki in the number of scales below the lateral
line. the number of gill rakers. the eye diameter in " of the head length, the
:gnoul length mn %y of the length of postorbital part of the head and mn the
length of the caudal peduncle in %) of its depth (altogether 2 meristic and 3
plastic characters).

In one specimen of Cichicsoma meek: from 13 investigated no lateral line
was found. In 5 specimens only a few typically perforated lateral hine scales
were found (in the upper part 0-—3, in the lower part 0--8). In other scales
of the lateral line of these specimens the perforation was only indistinet. In
2 specimens with the normal number of lateral line scales (18 10 and 17/9)
perforation was indistinet in all scales of the lateral line. Hubbs (1936)
found. in specamens of Cichlasoma meeki Irom the Yucatan peminsula (Me-
xico), D XV (I sp.) or XVI (17 sp.)'9 (13 sp.) or 10 (4 sp.), A VIII (2 sp.) or
IX (16 sp) 7 (3 sp), 8 (12 sp.) or 9 (1 sp). Holly, Meinken, Rachow
(1934—1967) showed D XV—XVI'9—10, A VIII—IX/7—9, in longitudinal row
30—32, above lateral line 5—6, under lateral line 13—14, above lateral line
to the omgin of the soft part of dorsal fin 2—3 scales, body depth 44—477,
of body length, head length 38420, of body depth, eye diameter 25-30%,
ol head length. interorbital width 26—28", of head length, length of the cau-
dal peduncle a hitle more than 100%, of its depth Sterba (1977) showed
D XV—XVI§—-10, A VIII-IX/7—9, P 12—13, scales in longitudinal row
2¢—32. No remarkable differences in plastic characters were found between
aguarium specimens and published data mentioned above, except the relative

111



length of the cawdal peduncle. But our aguarium specimens have a higher
number of scales below the lateral line and a lower numbsar of scales in the
longitudinal row. opposile to the description in Holly, Meinken Ra-
chow (1934—19867).

SUMMARY

The description of 3 specimens of F, hybrids between Cichlasoma meel:i
(Brind, 1918) and Cichlasoma nigrofascictum (Giinther, 1869) is given. Hyb-
rids are intermediate in most of the characters studied. In 13 specimens of
Cichlesoma meeki remarkable differences were found in the number of
scales below the lateral line, in the number of scales in the longitudinal row
and in the relative caudal peduncle length, as compared with published data,
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Abstract Branchiura sowerbyi Beddard (Oligochaeta, Tubificidae) was found
in three water bodies belonging to the Tisa river basin (Danube river basin, Black
Sea watershed), East Slovakia.

During the limnological research of the East Slovakia we were able to re-
cord the occurrence of the rare oligochaete Brenchiura sowerbyi Beddard.

In Czechoslovakia this species has been known till now only from the Elbe
river basin, where it was collected at two localities: blind arm of the Vitava
river near Brinik (4 specimens collected in 1956) and the dead arm of the
Elbe river, called Labic¢ko (26 specimens sampled in 1962 —1964) (Liskov i
1884). Later on the species was not found any more despite a rather intensive
hyvdrobiological research.

New findings from East Slovakia were made in the Tisa river basin, which
is the part of the Danube river basin (the Black Sea watershed). This species
was sampled at three stations, namely in the Laborec river at the village
I7kovee. Cierna Voda brook near the village Stretava and in the drainage

Table 1. Species composition and density of macrozovbenthos in the Laborec river
at the village Jzkovee {about 308 m below the mouth of the channel leading the coohng water
from the power plant Vojany). 17. 5. 1978, water temperature 15.2° C,
depth 3.5 —4 m. sandy bottom

Abundance Biomass
Taxon —

ex , m~ % g.m=2 %

Mermithidae g. sp. div. 4 0.23 .00 0.40
Oligochasta  Limnodrilus claparedeionus

Limnodrilus hoffmeisteri 3783 4589 - 4.4 5.0l

Branchiura sowerbyi 4 0.23 0.06 0.06

Hirudinea Erpobdella octoeulata 1] 0.23 o 1.53 1.6z

(lossiphonia heteraclita 9 0.23 .03 0.0

Hellobdella stagralis is 0.46 0.12 0.13

Moliusea Anodonin, complanata 9 0.23 0.07 G

Isopora Aseltus aguaticus 0 0.23 0.07 0.07

Heteroptera  g. sp. div. larvae 18 0.46 - 002 0.02

Chironomidae g. ap. div. larvae 27 0.68 : 0.03 0.03

pupae 9 0.23 001 - 0.01

Coeones vara 2 36 0.91 0.01 .01

Maorozoobenthos together 39045 100.00 95.53 100.00
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channel near the village Befovce. Further details with regard to the geogra-
phical position of localities sampled, their characteristics and compasition of
the benthic community can be found in Fig. 1 and Tables 1, 2 and 3.

In the Tisa river basin this species is known from the Tisa proper on the
territory of Hungary (Ferencz 1974, Csoknya and Ferencz 1975, Ada-
mosi and coauthors 1978), from the Danube River delta in Rumania (Po-
pescu-Marinescu and coauthors 1966) and it has been found also in
some tributaries of the Danube in Bulgaria (Russev and coauthors 1576).

Surprising is the high density of this worm in our localities 2 and 3. Be-
cause of the lack of quantitative data from the Danube river basin it is possib-
l2 to compare our figures only with those introduced by Sokolska (1861)

Fig. 1. — Localities in East Slovakia where Branchiura sowerbyi has been sampled.
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Table 2. Species composition and density of macrozoshenthos in the {ierna voda brook
near the village Stretava. 21. 5. 1978, water temperature 17.2° C, depth 0.6—1 m,
bottom composed of mud and sand. The brook in this section is channelized

Abundance Biomass
Taxon
ex .m 2 8 g.m"2 %

Oligochacta  Ieimnodrilus udekamianus

Peloscolex ferox 244 15 06 2.89 0.19

Branchiura sowerbyt 844 82.10 61.34 2.16
Hirudinea Erpobdella octoculuta 22 1.36 2.91 0.16

Glossiphonia heteraclite 67 4.14 .38 0.01

Piacicole geometra 22 1.36 0.11 0.00
Mollusca Viviparus viviparus 67 4.14 310.80 10.82

Anodonta cygnea 44 2.72 2 0563.50 71.47

Unio pictorum 44 2.72 437.34 15.22
Chironomidae g. sp. div. larvae 244 15.08 3.93 0.4
Ceratopogonidae g. sp. div. larvae 22 1.36 0.02 0.00
Macrozoobenthos together 1 620 100.00 2 873,22 .00

from some lakes in the Amur river floodplain. She found the abundance of
B. scwerbyi varying from 80 to 260 specimens per m? with maximum from
120 to 680 ind. m~” As follows from Tahle 2 and 3, our data (844 and 1655
ind, m~- respectively) seem to be significantly higher than those of Sokel-
ska. Maybe that the high density of this worm is characteristic for the Tisa
river basin as Ferencz (1874 writes that B. sowerbyi together with fur-
ther oligochaete Limnodrilus michaelseni predominates in the clay type of
bottom, where the total abundance of macrozoobenthos was 1503 ind. m~2

Table 3. Species composition and density of macrozoohenthos in the Drainage channel
near the village Bezovee. 4. 8. 1078, water temperature 22.8° C, depth 0.5 m,
bottom composed of firm clay

Abundance Biomass
Taxon
ex .m—2 % g .m™ O

Oligochaeta  Limnodrilus hoffmeisteri

Limnodrilus wdekamianus 1421 43.34 8§50 , B.88

Branchiura sowerbyi 1 665 50.67 BE.80 90.82
Hirudined Erpobdella octoculuta 22 0647 0.2% 0.28
Chironomidae g. sp. div. larvae 178 5.42 .22 0.22
Macrozoohenthos together 3 286 100.00 47.99 100.00
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Abstract. A moarphological description with measures and drawings of the
developmental stages of Liwcarus subterraneus (C. L. Koch, 1841) (Oribatei, Lia.car:-
dae) from larva to the adult stage, including leg-chaetotaxy.

INTRODUCTION

This article follows up a previous one {Tradvnidéek. 1977), concentrating
onn the description of the developmental stages of Liacarus coracinus (C. L.
Koch. 1841). The aim of my morphological studies was o establish differential
characters of the corresponding immature stage between these species, and
later on within the other species of the family Liacaridae. Morphological cha-~
racteristics of the adult stage of L. subterraneus are alsp presented for the
confrontation of morphological characteristics of the immature stages.

Morpholegy of the immature stages of the family Liacaridae has been pu-
blished, up to the present, only in Xentllus clypeator Robineau-Desvoidy, 1839
and X. tegeocranius (Hermann, 1804) by Costeséque et Taberly (1961), Liacarus
cidarus Wooley, 1968 by Arlian et Woolley (1969), and L. corecinus {C. L. Koch,
1841) in the above mentioned paper. Cultivation of immature stages of the
family Liacaridae is difficult, hence the juvenile stages of other species of the
family Liacaridae have not been described yet. Biological data of the forms
Il have cultivated will be treated in another article.

MATERIAL AND METHODS

All the examined larvae, nymphs and adults were obtained from the laboratory
culture. The 1mittial material — adult individuals of L. subterraneus — was picked
up irom the forest litter (Acer sp., Populus tremula, Sembuccus nigra, Corylus
nvellane and herbal undergrowth) in Vrané n Vltavou, about 20 km south of
Prague.

Preservation and treatment of the objects for examination by means of optic
rmeroscope, as well as measuring and drawing, were done identically with the
same operations 1 L. coracinus (Travnicdek, 1977), Designation of setae and
organs is also the same as in this foregoing paper.

DESCRIPTION OF DEVELOPMENTAL STAGES
Larva (Fig. 1-—-2)

resembles the larva of L. coracinus, but this one is greater. rather wide.
It belongs to the largest in the family Liacaridae. For the size of the body
of larvae and their organs see Table 1. The smallest and the largest dimen-
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Table 1. A comparison of sizes in developmental stages of Liccarus subterraneus (pm)

Organs mrasured Larva Protonymph Deutonymph Tritonymph Adult

Length of the body (total) 301—338 494 — 583 616— 869 860-1130 968-1265
Length of the body

{from rostrum} 280 — 302 452— 528 550 — 728 2501067 9241200
Width of the body 171 — 187 260—2317 286 —429 462 - 625 621 —803
Height of the body 130—156 220—270 275 — 407 418 572 GI10--871
Length of the tarsus I

without ambulacrum 3734 45—47 3760 67--73 104—121
Length of the chelicera T1—94 157163 171—192 203 — 264 218 —297
Length of the pedipalp 42— 50 82381 83—94 B8 —121 145— 166
Width betweon setae ro 13-21 26— 31 26—41 32—55 62—173
Width between setae fe 42— 58 57— 63 58—173 7888 39—52
Width between setae in 88—91 89—904 118 — 148 166 — 157 140— 182
Width betwean sensilli 99 —114 151 — 166 180 — 208 230—27) 312 — 400
Diameter of the bothridiae 1216 1316 1621 21— 23 24— 34
Diameter of the head

of sensillus —~7.8 78—-17.9 7B-7.9 85—903 7.9—-10.5
Length of genital plates - 46— 567 7383 99— 158 94 - 150
Width of gonital plates — 21—26 26— 52 8257 118 — 145
Length of anal plates 88—84 104— 145 145182 198 — 2a0 192 — 264
Width of anal plates 21 —31 46—52 46— 52 82—177 176—242
Length of the sstae ro 85—65 60—76 110—-112 107 — 140 78—99
Length of the setae le 76—93 40— 150 138 — 187 165— 240 83—105
Length of the setae in 15.6—21 40—52 55— 03 BY— 130 3157
Length of the setae ex 5—5.2 7.8—-10 9—13 16—23 -
Length of the sensillust 42 — 52 48—53 48— 67 68 —171 83—99
Length of the setae ¢2 68 —92 74— 120 140 — 157 182 -215 3-5
Length of the setae A 21 —34 27—37 39—57 47-93 4262
Length of the setae la 7—13 11—18 13-21 15—26 21—-31
Length of the setae 15 26 — 34 37—42 44— 62 45— 80 52 —460

* over the top level of the bothridium

sions of 15 individuals is presented. The great diversity of size may have
several causes, mentioned in the article conoerning L. coracinus.

The body is wide egg-shaped, slightly flattened, tapering frontally. Sejugal
furrow is very conspicuous along the whole circumference of the hody, later
on it fades on the hips, as usual in juvenile stages within the family Liaca-
ridae.

Integument of the body is rather thicker than in L. coracinus. It is never
glass-transparent, not even after hatching. At first it is yellowish, although
it is glossy. usually with fine transversal wrinkles on notogaster. Later on
larval integument darkens and progressively becomes mat. Pigmentation of
the distal tips of chelicers and rutells is normal. i. e. very dark brown as
early as before hatching.

Gnathosoma and proterosoma have a sligtly thicker integument than hys-
terosoma. The boundaries of some segments are visible as shallow furrows
in young larves. They are especially prominent between segments C-I} and
D-E.

Gnathosoma

There are two apophyses carrying a spine-like point, designated f, at the
paraxial side of each chelicera, instacad of one only in L. coracinus. Other
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characteristics of chelicerae are the same as in L. coracinus. Pedipalps and
infracapitulum are also the same as in L. coracinus, but hysterostomal setae
are long. Infracapitulum is anarthric with atelebasic implantation of rutells.
This phenomenon persists in all immature developmental stages,

Praoterosoma

ic similar to the same part of the body in L. coracinus. But cuticular ribs
ni, called so by Grandjean (1954b), are thin and short, not reaching to the

Fig. 1. Larva of Ligearus subterraneus, without legs. A — dorsal view, B — ventral
view,

bothridiums, in econtradistinction to L. coracinus, where they are strong and
long, extending the bothridiums., Bothridiums and sensilli are the same as
in L. coracinus.

Exobothridial setae are very short and thin. Lamellar setae are long, whip-
-like, weakly barbed, pointed at the tips, in contrast to the interlamellar setae.
These are very short (0.25—0.50 lamellar), rough and blunt at the tips. Ai-
though they are very short, their diameter is the same as in lamellar setae.
In L. coracinus they are weakly barbed and pointed at the tips. Rosiral setae
are short (0,5—0.6 lamellar), weakly barbad and pointed at the tips. The dis-
tance between implantations of rostral setae does mot reach a half of the
distance between implantations of lamellar setae.

Notogaster
ic not discernible from the ventral plate. Future circumarthrodial membrane
and fissure of the scalp are not even indicated. Notogastral setae have normal
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implantation, as in L. coracinus, but they are long (about a half of width of
the body), whip-like, glabrous, and pointed at the tips. Centrodorsal setae
are present. As in larva L. coracinus, the seta which should have the implan-
tation under the seta la, in the same distance as that between setae da and le,
is not developed. This seta on segment D is probably D3, as it was marked
by Grandjean (1934a). Equally the seta h3 is not developed, consequently

Fig. 2 Larva of Lwcarus subterraneus. A — lateral view, without legs and palps,
B — legs 1—1III.

Jarva is bideficient The implantation, mutual position, length and shape of
notogastral setae 18 shown in Figs. 1—2. No seta is vestigial. All setae grow
from round pores.

Cupules ia, vm, tp, ih are nmormally situated and have usual form of funnel-
-shaped cups, inserted into the integument. Cupulus p lays in the ventral
plate.

Ventral plate

fuses with notogaster. In epimeral region propodosoma is a little more
sclerotised than metapodosoma, which is soft with transverse wrinkles such
as in notogaster. Apodemes are long, but they do not merge in the middle.
Acetabulas have similar structure. Epimeral formula is normal (2--1—-2). Epi-
meral setpe are long. even in paraxial rows gquite long Paraxial rows of,
epimeral setae take characteristic barrel-shaped course diverging in the middle,
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Table 2. Formulas of the leg-chastotaxy of the developmental stages
of Liacarus subterraneus
{Without solemidions and famulas)

Leg Larva Protonymph Deutonymp Tritonymph Adult
1 03223151 06923151 0-42-315-1 1-424-171 1-5-3-419-3
11 0-2-2-2-13-1 0-2-2-2-13-1 0-2-2-2-13-1 1—4-2-3-15-1 1-4-2-4-15-3
111 0-2-1-1-13-1  -2-1-1-13-1 j-2-1-1-13-1 2-3-1-3-15-1 2-3-1-3-15-3
v - 0-0-0-0- 7-1  0—2-2-1-12-1 1-2-2-2-12-1  1-2-2-3-12-3

because of the longer distance between setae 2¢ and the smaller one between
setae Ia and 3e (see Fig. 1B). All epimeral setae are glabrous and pointed
at the tips in the same way as the setae on infracapitulum. Claparede’s or-

gan is short, corue, terminally oval. Its size is 1419 X 6—8 ym.
Genito-anal region has the similar structure as in L. coracinus. Its des-

cription has been presented in my preceding work (Fravnidek, 1977, p.

289)

Fig. 3. Protonymph of Ligcarus subterraneus, without legs. A — dorsal view, B —
ventral view.
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Legs

Leg-segments are cylindrical, short, slightly sclerotised. The surface of their
cuticle is covered with very fine warts. Lyrifissure reaches about 1/5 of the
height of tarsus. Ambulacrum is developed as a thin-walled transparent cuff,
embracing a single glabrous claw. Characteristical is the first tarsus. Its shape
is cylindrical in lateral view. with very much vaulted distal upper part, whe-
reas the other tarsi have the normal conic shape. Length of the tarsus [ wit-
hout ambulacrum in proportion to its height reaches about 2 : 1.

Fig. 4. Protonymph of Liacarus subterraneus. A — lateral view, without legs and
palps, B — legs I—-1IV.

Chaetotaxy of leg-segments is indicated by formulas in Table 2. Sotens-
dions and famulus are not included in the number of setae. Setal pattern
of leg-segments including solenidions and famulus is indicated by notations
in Table 3. Legs of larva are represented in Fig. 2B.

Legs have conspicuously long setae and solenidions, famulus is also rather
long. Solenidial formula (1—1—-1) (1—1—1} (1-—1—0} is normal. All soleni-
dions are long with pointed tips, egcept solenidions e, having blunt tips.
Insertion of the seta pi” is normal. Proral sstae of the tarsus ! are eupathi-
diums. They are shori, only a half of the length of the tectal setae. All setae
are glabrous, pointed at the tips.
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Frotonymph (Fig. 3—4)
For the dimemsions of the body see Table 1. 15 individuals were measured.

Grathosoma

is the same as in larva, but an additional seta v appears on the femur of
pedipalp. That is why the formula of the pedipalpal chaetotaxy, except sole-
nidion @, is (0—2—1--3—48). It is the same phenomenon as in L. coracinus.

Proterosoma

is relatively shorter, but its shape is the same as in larva. An egg-shaped
“restral body® appears only, below a slightly developed naso. Rostral body
(Trdavnidek, 1977, p. 282) persists in all nymphal stages.

Hysterasoma

extends more with slight dorso-ventral flattening. There are no visible
boundaries of any segment, not even after moulting. Integument of noto-
gaster and genito-anal region is very soft, thin, easily deformablé, At the
beginning it is corrugated around the anal and mewly formed gemtal opening.
Later on the corrugation disappear.

Fig. 5 Deutonymph of Liacarus subterraneus, without legs. A — dorsal view, B ~
ventral view.
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Anal opening slides normally a Ihttle ventrally, in comparison with larva.
The rise of cupules ips on the level of anterior edge of anal opemng and
sliding the cupules ip dorsclaterally is normal. Apodemes 1—3 are long. but
they do not merge in the middle. Apodemes 4—5 are very short

Centrodorsal setae disappear normally, but seta h3 and protonymphal setae
also appear normally. That is why protonymph is quadrideficient in the same
way as other nymphs. Selae on notogaster remain long, fairly strong, glabrous
and pointed at the tips.

One pair of genital disc-suckers arise. Setae Ic are forming in the place of
disappeared Claparéde’s organ, and setae 4a appear simultaneously on the
newly formed epimeras 4. Setae 4e¢ have insertion in the median rows (see
Fig. 3B), whereas setae I¢ are the beginning of the future antiaxial rows
Epimeral foermula is (3—1—2—1), Epimeral and genital setaz are glabrous,
pointed at the tips. Their mutual size is the same as in larva.

Legs

are relatively smaller than in larva, There are 7 setae on each tarsus of the
newly formed fourth pair of legs. Seta ft' does not develop normally on the
tarsus IV in the course ol ontogeny. Solenidial formula (1-1-2) (I~1-1}
{1—-1—0) (0—0—0) and tarsal formula (15--13—13—7) are normal,

Characteristic form of tarsus I as well as forms of solenidions g and o re-
main the same as in larva. Solenidions ¢ are almost eylindrical with the
blunted tips. The same as in larva are the mutual lengths of proral and tectal
setae of tarsus I. Almost all setae of legs are glabrous with pointed tips.
Exceptions are dorsal setae on femur I, Ii, and setae 1’ on genu I. II. These
setae are thorn-like at the top (see Fig. 4B).

Deutonymph (Fig. 5—8)

Five obtained deutonymphs were measured for taking data presented in
Table 1.

Proterosoma is relatively shorter than in protonymph. but hysterosoma
is more voluminous. Visible changes concern only ergans subjecting to alte-
ration in the course of ontogeny.

Newly appeared setae 4b are not implanted behind the setae 3a, which arz
clustering topether. but outside. The distance between the setae 4b is the
same or longer than between the setae 2¢, whose mutual distance is longer
than between the setae la and 3a (see Fig. 3B). Epimeral formula 1s (3—1—2—
—2). Hysterostomal setae tend to be the longest, but sometimes the setae Ih
can be longer than the former ones.

Geatal setae g2 and @3 arise. Implantation of 3 pairs of genital selae and
locatson of 2 po.r. of genital disc-suckers see in Figs. 5B and BA. Newly for-
med adgenital setae have normal position beside the rear third of genital
vaelves. Simultanecusly arised adanal setae are [airly short, glabrous. with
the pointed tips, likewise the other sefae on the lower part of the body.

Lateral glands move slightly forward. Cupules ied replace culules ips at the
level of anterior edge of anal opening. Cupules ips move dorsolaterally and
slightly backward to the former position of cupules ip, which also change
their position by f[ollowing the lateral glands (cf. Figs. 3B. 4A with Figs. 5B,
BA). Genital opening grows, anal too.
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Tarsus 1 retains its characteristic shape. but its lyrifissure looks shallower,
Three solenidions and 13 true setae arise mormally on the leg 1—-1V. Tarsal
formula (15—13—13—12) and solenidial formula (1—2--2) (1--2—2) (1 —1—0)
{0—1—--0) are normal. Formulas of setae on all segments of leg I—IV are
presented in Table 2, designation of all selae and solenidions in Table 3 Legs
of a deutonymph are depicted in Fig. 6B,

Thorn-like at the top are only the same setae as in protonymph. Seta pov”
on tarsus II is shghtly thorn-like at the bottom. The other leg-setae ramain
glabrous. All leg-setae are pointed at the tips. with exception of solenidions w.

Tritonymph {(Fig. 7-8)
Dimensions indicated in Table 1 were established from 8 individuals mea-
sured.
Gnathosoma

looks the same as in the preceding developmental stages, having long setae
on infracapitulum, but distal part of gnathosoma begins to slope downwards
(Fig. BA).

Fig. 6 Deutonymph of Liscarus subterraneus. A — lateral view, without legs and
palps, B — legs 11V,
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Proterosoma

1s again relatively shorter. It occupies about 1,4 of the length of the bedy.
The feature of proterosoma is the same as in deutonymph, with only a small
change. Interlamellar setae become longer, but they do not exceed a half of
lamellar sctae.

Hysterosoma

bulks large, remaining slightly flattened egg-shaped in dorso-ventral direc-
tion, Integument of hysterosoma 1s thicker and darker in relation to its size
and the size of hysterosoma in preceding developmental stages. It is neither
transparent. even after the moulting from deutonymphal exuvia, nor trans-
lucent after some time. Colour of hysterosoma is white-yellowish up to brow-
nish.

Notogastral setae remain long, but, with regard to the increased width of
the body, they seem to be relatively shorter. Their length is about 1/3 of the
width of notogaster. They remain glabrous, pomnted at the tips. Newly appea-

Fig. 7 Tritonymph of Ligcarus subterraneus, without legs. A — dorsal view, B —~
ventral view.
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red epimeral setae 3¢ and 4c in antiaxial rows are brought near to setae 3b
and {4¢ in median rows (see Fig. 7B). Paraxial rows of epimeral setae retain
their characteristic barrel-shaped course, except setae 4b, which are put off
themselves Epimeral setae are fairly long, glabrous, pointed at the tips.
Epimeral formula is (3—1—3—3).

Anal opening is situated almost ventrally. Two pairs of anal setae arising
normally, are very short and approached each other in the front half of anal
valves. Lateral glands shift again a little forward, approximately 1in the middle
of hysterasoma. Genital setae g4 and gb arise in the front and equally at the
rear edge of genital valves (Figs. 7B, 84). The third pair of genital disc-suckers
originates normally. Adgenital setae persist in the position occupied in deu-
tonymph. They may be almost as long as the epimeral setae, but longer than
the genital ones. All these setae remain glabrous and pointed al the tips.

Legs

retain unchanged shape. but sclerotisation increaszs in comparison with the
legs of preceding developmental stages. Chaetotaxy is progressive. 18 new true

o

K . i
a5l u":—f—\c'

fig. 8 Tritonymph of Liacarus subterraneus. A — lateral view, without legs and
palps, B — legs T—1IV.
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setae arise on legs [—IV. Tarsal formula is (17—15—15—12), iteral formula
(n3—n3—n3—0). solemdial formula is the same as in deutonymph. Formulas of
chaetotaxy on all segments of legs I—IV are indicated in Table 2, designation
of all setae and solenidions in Table 3. Tritonymphal legs are depicited in Fig.
8B.

Thorn-like at the top or thorned on extermal side are setae mentioned in
prote- and deutonymph, as well as setae I on femur I, II, and I’ on trochanter
[TI. Thorn-like at the bottom persists seta pv” on tarsus II. Newly thorned
are both antelateral and primiventral setae on tarsus [. Other setae remain

glabrous. All setae of legs are pointed at the tips. with the exception of so-
lenidions ).

Adult (Fig. 8—10)

Dimensional data from 20 measured individuals are presented in Table 1.

The body is widely egg-shaped up to globoid (therefore one of his synonyms
is L. globosus), sligthly flattened dorso-ventrally. The colour of an adult after
the moulting from tritonymphal exuvia is pargamen-like till brownish, except
the dark brown tips of chelicers and rutells. But the surface of the whole
body is quickly becoming dark and sclerotised. After about 2 days it becomes
darkly brown. even black-brown. Its surface is lustrous up to semi-mat.

Gnathosoma

Infracapitulum is diarthric with pantelebasic implantation of rutells. in con-
tradistinction to juvenile stages. Setae on infracapitulum are fairly long, glab-
rous, pointed at the tips. Gnathosoma is, in the remaining aspects, identical
with that of the preceding nymphal stages, except for immersion in camero-
stome and slanting down.

Prodorsum

Lamellae are of middle width, fairly flat with thicked external edge Thay
are long, stretching to the bothridiums under the notogastral shield, frontally
almost converging and joining with a translamella in the middle of prodorsum.
Translamella has a short, roundly pointed small tooth (muecre), protruding
slightly upwards, Cuspids are fairly short and wide, There is a long and sharp
tooth on each inner side of implantation of lamellar setae, but the external
ending of cuspide is round, or with a small tooth only.

Lamellar setae are short, but they always overlap the rostrum. They are
strong, long conical, shortly lipped and strongly barbed. Interlamellar setae
are 1nserted on the inner edge of lamellae, almost under the notogastral shield.
They are very short, thin, glabrous and shortly tipped. Rostral seiae are
sligthly longer than lamellar setae. Their surface and shape is the same as in
lamellar setae. Their tips may reach over the tips of lamellar setae.

Notches at the sides of rostrum are wide and deep up to the implantation
of rostral setae. A conspicuous tooth is present on each external side of these
notches. Ribbed tutoriums extend from the mentioned teeth backwards almost
io the bothridiums. There are also two conspicuous small teeth protruding
obliquely upwanrds from the distal part of rosiral nose at its sides.

Exobothridial setae are vestigial in contradistinction to those in immature
stages. Shape of bothridiums are very similar to these in adult L. coracinus,
sensilli have the same form. Pedotectum [ is of usual shape, fairly wide.
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Hysterosoma

Its surface seems to be glabrous and lustrous, but detailed observation re-
veals it to be covered with irregularly dislocated fine pores. Some places are
glabrous, others may be even slightly grained.

Notogaster

Anterior edge of notogastral shield is always arched forward. Sometimes
it may be ribbed and it extends in shoulder edges. Contrary to the immature

Fig. 8. Adult of Liecarus subterraneus, without legs. A — dorsal view, B — ventral
view.

stages the lateral glands lay dorso-laterally in the middle of the nofogastral

shield, in the lateral view. Their openings are conspicuous — round with
a low ridge. Cupules having normal position and fissure openings are incon-
spicuous,

Notogastral setae (Ng = 11) are very fine and short, almost inconspicuous
under worse conditions of observation. Clearly visible are always setae psl,
alone surpassing the outline of notogaster. Coronal setae are brought near,
setae ¢3 in adult stage disappear. Insertional pores of notogastral setas are
small, but deep.

Epimeral region

Apodemes 1--3 are long and merge in the middle, Apodemes 4 and 5 are
short, not even reaching genital opening. Epimeres 1 and 2 are well divided
in contradistinction to epimeres 3 and 4. Boundaries are not well developed
neither between them, nor between epimera 4 and genito-anal region. Carina
circumpedialis extends from acetabulum of leg II to that of leg IV, but it
does not exceed it.
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Setae 3¢ and 4c are implanted on the outer side of carina circumpedialis,
seta Ic on the bottom of pedotectum 1. Implantation of epimeral setae is mot
guite regular, some of them may lay out of the level of symmetry, especially
in the anterior-posterior direction. Epimeral setae are fairly long, glabrous,
pointed at fthe tips. Their formula is the same as in {ritonymph. Similarly
their insertional pores are the same as in notogastral setae, but maore distinct.

Fig. 10. Adult of Liacarus subterraneus. A — lateral view, withoul legs and palps,
B — legs 1-1IV.

Genito-anal region

Both genital and anal openings have normal positicn The shape of the
former is pentagonal, of the latter oblong with rounded corners Sliding for-
ward of the genital opening occurs during the metamorphosis of the trito-
nymph. Setae g6 arise in adult stage. For the insertion of genital setae soe
Figs. 9B, 10A. Adgenital setae do not follow genital opening 11 adult stage.
They are implanted about in the first third of the distance between the genital
and anal openings. Also their mutual distance increases. The same pheno-
menecn appears in anal setae. Both the length and the shape of genital, adgeni-
tal and anal setae resemble the epimeral setae in praxial rows. Setae adl are
of the same length as anal setae, but setae ed2 and ed3 are shorter and thin-
ner, as about setae psl. Praeanal clasp is pear-hke.

Legs
Form of leg-segments differs conspicuously from those in immature stages,

as well as the sclerotisation. Legs of adult resemble the legs of adult in L.
coracinus (Trdvnicéek, 1977, p. 289) and other species within the family
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Liacaridae. Cuticle of leg-segments has fine pores, but no pore-field is present.
Legs of adult are heterotriadactylous with glabrous claws, ambulacrum does
not form a cuff.

Six true setae arise on segments of leg I-IV. Formulas of leg-chaetotaxy
see in Table 2, in which also tarsal formula (19—19-15—12) can be seen. So-
lenidial formula does not change from deutonymphal stage, iteral formula
from tritonymphal one. Notations of all true setae, solenidions, eupathidiums
and famulus are indicated in Table 3. Their implantations and form of legs
see in Fig. 10B.

Thorn-like at the top remain all such setae from precadent developmental
stages. In addition to them seta I' on femur I, on tibia IIT, IV, and seta I” on
femur 11, on genu I, II, are added. Thom-like on the bottom are setae »’ on
genu I, v’ and ©” on tibia I, II, ©” on tibia III. accessorical, primiventral and
antelateral setae on tarsus I, II, setae pv’ and s on tarsus IV. Thorn-like on
external side is seta pl” on tarsus I Other setae are glabrous, at utmost
very fine and shorily barbed. All leg-setae are pointed at the tips, except
blunt-pointed subunguinal seta on tarsus [. This seta becomes the third eu-
pathidium in addition to proral setae of the same tarsus. Famulus is very
thin. thread-like.

Post-embryonal development and exuviae

Post-embryonal development resembles in all aspects that of L. coracinus,
published earlier (ibid., pp. 301—303).

Exuviae of nymphs and adult stage of L. subterraneaus are analogical to
those of L. coracinus. Because of greater size of their body they are more
distinct. not fo speak of a little thicker wall of exuvia in L. substerraneus
than in L. coracinus of corresponding developmental stage.

SUMMARY

In many characters Liagcarus subterraneus and L. coracinus are identical
and conclusions presented in the article regarding L. coracinus are valid for
L. subterraneus. However, there are following differences for L. subterra-
neaus:

1. Two spear-like points f are present on each chelicera in all developmental
stages.

2. Rostral body present in nymphs is pear-like to gvoid.

3. Intertamesllar setae are blunt pointed, straong. short and rough in immature
stages. In adult stage they are fine and weakly barbed.

4. Cuticular ribs nl are thin and short in immature stages.

Hysterostomal and epimeral setae are long. Paraxial rows of epimeral

setae Je—2a—3a take characteristic barrel-shape course in immature sta-

ges. Setae 1b, 3b, 4a are twice as long as setae in paraxial rows in nymphs.

6. Notogastral setae are very long, whip-like in immature stages. in adult
stage they are almeost inconspicuous.

7. Tarsus I of immature stages is cylindrical in lateral view. with wvaulted
distal upper part.

8. Solenidien g on the genu I is long. conical, pointed at tip in immature
stages. Solenidions and setae of legs are conspicucusly long in immature
stages.

loid
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Abstracts: 34 specimens of Mesogonistius chgetodon frorn the aquaria of Czech
hobbysts were examined and compared with the deseription of nominal subspecies
and subspecies M. C. elizabethae Bailey, 1941. Remarkable differences were found
in the form of caudal peduncle, hody depth, dorsal spines length, interorbital width.
The aquarium specimens are slender. This is due probably to life conditions in aqua-
ria in higher water temperature during the 8 years of breeding.

INTRODUCTION

Mesogonistius chaetodon (Baird, 1854), the Black Banded Sunfish or the
“Poor Man’s Scalare”, was imported into Germany as the aguarium fish al-
ready in 1897 by W. Geyer in Regensburg (Reuter, 1911; Meiken, 1932;
Hykes, 1937—44), al first only in 6 specimens, in the year 1900 anew. In
1902 the fish spawned in aquaria for the first time (Reuter, 1911). This
species became very attractive and popular among agquarium hobbyists in Euro-
pe. Many observations have been published in aguarium literature (see e. g.
Reuter, 1911; Meinken in Holly—Meinken-—Rachow. 1932;
Hyke§ 1937—44). In Czech literature. this species was mentioned first by,
Pokorny (1911).

Aguarium hobbyists in Europe supposed that for succesful keeping the fish
needed warm temperature. and sometimes breeding water temperatures up to
20 °C were recommended (Reuter, 1911), But in the localities where the fish
oceurs the average annual air temperature ranges from 20 °C (Florida) to 10.9 °C
{New York).

It may be supposed that thé long breeding in European aquaria have chang-
ed, to some extent, the plastic and meristic characters of the Black Banded
Sunfish; therefore with regard to Baile¥'s study (1941} aquaria specimens
were examined.

MATERIAL AND METHODS

All specimens of Black Banded Sunfish examined were obtained after perishing
from Czech fish hobbyists, preserved in formalin solution. Measurements were made
with the accuracy 1 0.1 mm by means of dividers. The method used by Bailey
(1941) was followed (for deiails see Fig, 1)

Methods of Hubbs and Bailey (1840) were used for counting and measuring,
The scales are counied: a) along the lateral line from the last one in contact with
the shoulder girdle to the structural base of the caudal fin; b) above the lateral
line, downward and backward from the origin of the dorsal fin to, but not including,
the lateral-line row, and including the smaller scales near the origin of the fin;
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¢} below the lateral line, from the origin of anal fin including the smaller scales,
upward and forward te, but not including, the lateral-line row; d) around the caudal
peduncle, enumerating the minimum number of rows around the slenderest poing
of the caudal peduncle; e) on the cheek counting the rows which cross the shortest
line from the eye to the posteroventral angle of the preopercle. The last ray of the
dorsal and anal fins is always treated as a double ray divided to the base of the fin.
In the both pectoral fin all rays are enumerated, including short uppermost ray
which closely adheres to the second one (the first well-developed ray) and all smail
rays and the ventral end of the fin. The length of the caudal peduncie is taken
from the posterior end of the anal base to the base of the caudal rays at the lateral
line. The length of the pectoral fin is taken from the base of the uppermest ray
to the tip of the fin; that of the pelvic fin is the distance from the base of the spine
te the tip of the fin. The head is measured from the front end of the upper jaw
to the tip of the opercular membrane. The length of the orbit is obtained by placing
the tips of the dividers at the edges of the eye and spreading them with a gentle
pressure. The interorbital width is measured by pressing the points together to apro-
ximate as nearly as practicable the least bony width. The length of the lower jaw
is taken from its anteriormost tip to the posterior end of the angular.

RESULTS AND DISCUSSION

My results as compared with Bailey (1941) are summarized in Tables
1—10.

Coloration of examined specimens from formalin sclution was yellowish to
freyish on sides, the dorsal part brownish, the belly yellowish.

The first band passes vertically through the eye, the second passes from the
hind part of the head, it is interrupted on the lower edge of the opercle and
continues downwards. The third extends from the beginning of the dorsal fin
downwards to the ventral fin. The fourth extends from the Tth dorsal spine
to the insertion of anal spines. The fifth begins at the anterior soft dorsal rays
and is directed vertically to the anal soft rays. The sixth extends from the last
soft dorsal rays towards the last anal rays. The seventh passes through the
posterior margin of the caudal peduncle, In adult specimens this band is rather
composed of spots. in juvenile specimens those spots form two bands. On the
rays of the dorsal, anal and caudal fins I observed rows of dark spots. The
first and second dorsal spine was dark brown or blackish. The third and fourth
ray had a dark brown margin., The coloration in living specimens was not
noted, because recently this species aimost disapeared from aguaria in Prague.

Bailey (1941) describes the third band as the broadest, in my specimens
the fourth was slightly broader; in my specimens the third band ends ventrally
behind the lower margin of the pectoral fin and does not reach the ventral
fin base. In my specimens the fourth band is shifted forward; Bailey (L c)
describes it as passing from the third and fourth dorsal soft rays to the
second to fourth anal soft rays. Also the fifth band is shifted forward in my
material, while in Bailey's description it encircles the body just behind the
dorsal fin. The same shifting forwards was observed in the sixth band. Bai-
ley (1941) does not mention the seventh or eight bands. In formalin specimens
no red in the dorsal fin was observed. The coloration of the Black Banded
Sunfish in European aquaria was described by Zolotnickij (1904).
Schreitmiiller (1928), Bade (1934), Engmann (1934), Stoye (1935).
Frey (1992), Hopfner (1954), Polak (1954), Vogel (1953), Andddi
(1961) Andodi-Frank (1969): Frank (1977) brought the original photo
of the specimen with interrupted vertical bands {except the first one passing
through the eye), the other bands are formed rather by spots.
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Table 11. Proportionate measurements of six specimens of Mesogonistivs chaetodon elizabeth
(Bailey, 1941} and 34 specimens of Mesogonistius chastodon from aqueria of Czech hobbyists

Bailey 1941 Author
Standard length (in mm) 38.8 24.5
(32—46) (18.6—57.4)

In 9%, of stanclard length:

Length of head 36.8 40.0

Depth of body 536 43 5

Length of caudal peduncle 18.4 18.3

Length of pectoral fin 29.1 228 .

Length of caudal fin 34.9 34.5
In %, of caudal peduncle length:

Bepth of caudal peduncle 91.6 83.0
In Y of body depth:

Width of body 0.0 34.5
In 9% of highest dorsal spine:

Lowest dorsal spine 73.2 5B.8
In %, of distance from tip of snout to origin
of dorsal fin:

Highest dovrsal spine 38.9 52.6
In 9 of base of dorsal fin:

Highest dorsal soft ray 35.5 38.0
In 94 of highest anal spine:

Lowest anal spine 46.7 47.6
In 9 of thistance from origin of anal fin to
msertion of pelvie:

Highest anal spine 96.0 83.3
In 2, of base of anal fin:

Highest anal soft ray ' 90.2 90.9
In %, of haad length:

Width of head 18 4 40.0

Length of orbit 33.1 37.0

Width of bony interorbit 24.7 32.0

Length of snout 24.3 25.0

Lengih of upper jaw 26.5 25.3

Length of lower jaw 39.1 37.7

For calculation 9 meristic and 20 plastic characters were used, Most of my
specimens have 9 dorsal spines: in numerous specimens of nominal subspecies
Bailey (1941} found 10 spines (Tab. 1). In my specimens a very small number
of dorsal spines (8) was found, not cited by Bailey (1941).

Similarly as Bailey (1941), also other authors such as Boulenger
(1895), Sterba (1959}, Bade (1934}, Anddédi-Frank (1969) cited 10
spines,

Some difference can be found also in the number of soft dorsal rays {mostly
11 in my specimens, 12 in nominal subspecies; 11 is the dominant number in
subspecies elizabethee, see Tab. 2). In about 26%y of my specimens there are 9
and 10 soft dorsal rays, also not found by Bailey (1941). Sterba (1939),
apparently following Bade (1934), cited 10-—12, the same number appeared
in Andédi-Frank (1969).

A similar difference can be seen in the number of anal soft rays (Tab. 3).
In 18"y of my specimens there are 9 and 10 soft anal rays. In 819 1113
soft anal rays were found; Bailey (1941) found 11 rays only in one specimen
nf the nominal form. Most frequently there occured 1213 rays. Similarly,
dominant number 12 is cited by Boulenger (1835), while Bade (1934),
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Sterba {1959), Anddédi-Frank (1969) gave smaller numbers of these
rays (9—10).

The dominant number of the pectoral rays is the same in my specimens and
in the nominal form, slightly differing from subspecies elizgbethue (Tab. 4),

The lateral line scales were counted only in 9 specimens, the remaining spe-
cimens were damaged and scales were lacking. In the nominal form most spe-
cimens had 28—29 lateral line scales; I did not find 28 at all, 29 only in one
case (Tab. 5). The dominant number in my material was 25; this number is
not given by Bailey (1941), Boulenger (1895) found 26—28 scales.
Number of scales above lateral ling coincides (Tah. 6) with Bailey, Bou-
lenger found also 4 scales, not observed in my material. Very slight dif-
ferences can be observed in the number of scales below lateral line (Tab. 7).

In my material, the number of rows of cheek scales could be cobhserved only
in the third of specimens, in most cases 1 found 4 rows in the nominal form
there are 3 rows (Tab. 8). The number of scales around the caudal peduncle
substantially coincides in all three samples. Meristic index was determined in 7
specimens only, the widest ranges can be found in the nominal form (42-—-47).
The shift to lower values 39—42 is evident in subspecies elizebethae. In my
material the range is 42—44 (Tab. 10).

Unfortunately, plastic characters can be compared only with 6 specimens
of the subspecies elizabethae, because Bailey (1841) not furnished any plas-
tic characters for specimens which he studied as the nominal form (see Tab. 11).

I had at my disposal material of broader length ranges than Bailey; most
of my specimens (91 %) were smaller, measuring 18.6—24.5 mm of standard
length, only 3 specimens 46.3—57.4 mm vere comparable in size with Bailey’s
sample. My specimens are considerably slender. The depth of the caudal pe-
duncle is smaller In my sample and the relation of the length of the longest
dorsal spine to the shortest one shows a diminishing tendency. The length of
the longest dorsal spine in the predorsal distance showed a difference. this
spine being shorier in my sample. The considerable difference appeared in the
length relation of the longest anal spine in the distance hetween venirals and
anal fin, these spines being longer in my sample The width of the head is
smaller in subspecies elizabethae, the inlerorbital width is greater.

Bailey (1941) had a mare numercus material of the nominal form than
myself, and this fact could influence meristic counts. Unfortunately, the new
subspecies elizabethae was described using 12 specimens, most characters are
based on 6 specimens only. The value of the length of the head in the body
length, 28.6-—33.3 %, cited by Meink e n (1932) does not coincide with my and
Bailey's lindings. The lower range of the value of the body depth given as
20—55 Y% of the body length by Meinken (l. c) is apparently erroneous.

The number of the lateral line scales, 26—28 at Meinken. is identical
with both forms at Bailey; I found the range of 25—30.

With regard to the distribution of this species ranging from Maryland, New
York and New Jersey southwards along the eastern slopes of the Appalachian
Mountains to nothern Florida it seems probable that the southern populations
can differ from the nothern ones. The form and meristic characters of Euro-
pean aguarium specimens could be influenced by the higher temperature in
tanks, which proved to be more profitable for spawning and reproducing,
which is the aim of fanciers.
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Some authors. e.g. Bade {1934), Meinken (1832), Anddédi-Frank
(1969), Sterba (1977), published broad ranges of temperature for breeding
in captivity from 0--25°C. Hapfner's (1854) lower limit was 8°C. Further
authors cited only narrow ranges for breeding, e. g. Jakubowski-Ring
(1969) 18°C, Zolotnickij (1904) 19—22°C, Zukal (1978) 18—22°C and
lower, Schreitmiiller (1828) 13—21°C, Andédi (1961) for specimens
from Florida 16—22°C; Polak (1954) supposed the Black Banded Sunfish
hardly to survive 18 °C. For spawning higher temperature are preferable, atfer
Andoédi-Frank (1969) 15-25°C, Vogel (1855) 14--20°C; Schreit-
miiller (1928) cited 156°C, Jakubowski—Ring (1969) 20°C, Polak
(1854) 20 °C and more, Bade (1934) 22°C, Stoye (1935) 21°C.

In any case, some important differences between the wild and domesticated
population of the Black Banded Sunfish are evident.
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SUMMARY

In 34 specimens of Mesogonistius chaetodon 20 plastic and 10 meristic charac-
ters were studied using acclimatized specimens from agquaria. _

Considerable differences were found in the body depth (in aver. 43.5%, of
body length, wild ones in aver. 33.6 %,); in the interorbital width in the head
length (32 %, wild ones 24.7%), in the depth of the caudal peduncle {83 %y of
its length in aquaria specimens, 920, in wild ones), in the length of dorsal
spines (the ratio of the length of the shortest and longest spine 58.8%, in
aguarium specimens, 73.2%, in wild ones), in the length of the longest dorsal
spine, in the predorsal distance (32.6 %, in aguaria specimens, 38.9%; in wild
ones). The length of the longest anal spine in the distance between the ventral
and anal fins was found to be 833", in aquarium population, in wild speci-
mens 967,

The width of the head in its length is 40"%, in my sample, in the North
American specimens 48.4",; also the interorbital distance is smaller in my
specimens (32", 24.7",} in comparison with the wiid ones. Differences could
be due to the 78-yvear long aguarium breeding in Czechoslovakia.
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ON THE EFFECT AND THE NATURE OF GROWTH COMPENSATION OF FISH

Mladen ZIVKOV
Recerved July 15, 1980

Abstracti. This paper reporis the results from growth compensation studies on
populations of five cyprimid species The author has the aim to contribute to the
explaiming of the causes for the versatility and the contradictions in the concepts
on growth compensation and to the solving of the problems of determination effect,
nature "and causes of this phenomenon

The growth of organisms 1s one of the most important problems of modern
fundamental and apphed developmental biology Growth compensation has
been of special interest during the last two decades The investigations con-
cernmng growth compensation have been extensively reviewed and analysed by
Zamachaev (1964, 1967), Ricker (1969, 1975) Ivanov (1973) Mina
and Kleverzal (1976) and Zivkov (1980a) Some authors make rather con-
tradictory conclusions and suggestions about the nature of growth compensa-
tion its causes and about its very existence as well

MATERJAL AND METHODS

The regularities and peculiarities of growth compensation were stucdhed using 5
cyprimd species from the Batak dam the carp, Cyprinus carpie L. the goldfish
Carassius auratus gibelio (Bloch) the chub Leuciscus cephelus (I.) the roach Ru-
tilus rutilus (L) and the bleak, Alburnus alburnus (L) The materials were collected
1970 through 1978 in spring (April-Mav} and autumn (end of August. September
October) The bodv length was measured till the end of the scale cover Scales were
used to determine the age by means of a projector model Dokumator, Lesegerat
manufaciured by VEB Carl Zeiss Jena (GDR) at a 9X magmfication for the carp
and 17,50{— for the other species A total of 1000 specimens of each species were
studied

The methods were developped and discussed 1n detail in a prewvious publicaticn
(Zivkov 1980a) Separate empirical regression lines based on the body length (L)
and scale radius (S) were drawn either for each age-group or for two adjacent
age-groups (Figs 1-5) Then the S-values of the selected generations (age-groups)
in which the growth eompensation was studied were combined according to Table 1
The back caleulet gis of L by S were done as follows all average 5, values (Table
1) weie plotted on the graph with the regression hine of the first age-group (Figs 2
1 for example) and the corresponding Ly values were written in Table 1 next ta the
S, values All S, values were plotied on the graph with the regression hne of the
second age-group (Fig 2. II for example) and the corresponding L; values wete
written 1n the table next to the 5. values ete Then the average values of the ab-
solule annual increments (t = Ly, t; = L, — Ly, ete) were calculated within each size
group (&8 b etc Table 1)

Only the L and t-values were used to establish the growtih compensation and its
effect The age-dependent changes in L and { within each sizedgroup (1 e within
the hornizontal lines of Table 1) were traced and compared to the changes in L and
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t in other size-groups. Because of technical reason the tables are not published.
The resuits are presented graphically

In order to take into account the eventual influence of the size-selective mortality
on the process of diminishing of the age-dependent size differences (growih com-
pensation) the model was applied several times to the same generation in several
consecutive phenological years.

RESULTS

Figures 6, 7, 8, 9 represent the growth regularities of different species traced
in several consecutive years. The average initial lengths are different but the
generation is the same (1969). No diminishing of the age-dependent differences
in the average body length were observed in the second and the third carp
age-groups (Fig. 6, II, 111). The process of convergence of the L-values began
only after the third year (Fig. 6, IV, V). The results of the studies on the gold-
fish are similar (Fig. 7). They differ only by the vague tendency towards con-
vergence. The initial length differences are almost the same even in the fifth
and the sixth years. Instead of the expected convergence the chub exhibited
a well expressed divergence of the L-values at the ends of the second and the
third years (Fig. 8, II, II). Obviously this was due to the shift of the chub
diet to fish (Dimitrov and Ljudskanova, 1967, Zivkov, 1974). The

Fig. 1 Correlation between body length (L, mm) and diagonal scale radius (S, iz
dials of the ocular-micrometer) of the different age-groups of the carp (I, 11, .. ).
Fig 2. Correlation between body length (L, mm) and oral scale radius (5, in dials
of the ocular-micrometer) of different age-groups of the goldfish (I, II, ...
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Fig. 3. Correlation between body length (I, mm) and diagonal seale radius (S, in

dials of the ncular-micrometer) of different age-groups of the chub (I, 1L, ...).

Fig. 4. Correlation between body length (I, mm) and caudal scale radius (S, in dials
of the ocular-micrometer) of different age-groups of the voach (I, 1T, .. ).

largest individuals shifted first and there rate of length and weight increase
was even more rapid (Fig. 8, IL, III). The length differences within all size-
~groups beitween the third and the fourth vears almost did net change. Only
after the fourth year an obvious convergence occured (Fig. 8, VI

The initial differences in the average lengths of the roach were maintained
through the ninth year. A certain convergence was observed at the end of that
vear (Fig. 9). The 1969 roach generation had a very low for this dam growth
rate because of its very large number. The share of this generation in the
annual catches (arround 50 Tt a year) during the following 7—8 years was
aver 50% .

A better idea about the changes in the average initial lengths during the
process of growing as well as about the very nafure of growth compensation
can be obtained by comparing the L-value of generations growing under dif-
ferent conditions and at different rates. When doing this it is adequate to
divide the fish into two size-groups — with smaller and larger average initial
lengths

The average L-values of the 1969 carp generation became completely egual-
1zed between the fifth and the sixth years. (Fig. 10). We do not have enough
specimens from the other generations of this speties.

The average lengths of the more rapidly growing 1871 generation of the
goldfish became equalized at the end of the fifth year (compare to the 1969
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generation. Fig. 11, 1971} The 18972 generation of the chub exhibited the most
rapid rate of convergence of the L-values (Fig. 12, 1972). It was completed at
the end of the third year. The roach exhibited the same phenomenon (Fig. 13,
1971, 1872). The more rapidly growing generations of the bleak had their
L-values equalized at the end of the second year (Fig. 14, 1973, 1974). The 1970
generation grew at lower rate and even at the end of the fifth yvear the ten-
dency towards convergence of the L-values was hardly observable,

The effect and rate of growth compensation are best shown by means of
the absolute linear increments (t). Even during the second year fish with
bigger average initial length (solid lines, Fig. 15) grew relatively faster than
fish with smaller initial length. As we mentioned above this regulacity could
not be shown using the L-values (Fig. 6. 1I, III}. Between the second and the
third years the t-values were already equalized. After the third vear this
tendency was reversed and fish with smaller initial length (1) = Ly, had bigger
increments (in absolute wvalues) than fish with bigger initial length (Fig. 15,
IIL, IV, V).

This regularity can be even better illustrated if the entire generation is
divided only into two size-groups (Fig. 16).
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Fig. 5. Correlation between body length (L, mm) and caudal scale radius of (S. in
dials of the ocular-micrometer} of different age-group of the bleak (I, II, ...}

Fig. 6. Growth curves of specimens with different average initial lengths of the
1969 carp generation. I. — body length, mm; t' — age, years; 11, 11T, ... — age groups.
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In the case of the goldfish the position of the intersection between the
t-curves (equalizing of the t-values) depended on the growth rate of the gene-
rations and was either between the first and the second year (Fig. 17, 1972,
1971, 1970) or between the second and the third year (Fig. 17, 1969). Between
the fourth and the fifth Years and between the fifth and the sixth years the
t-values were equalized once again (Fig. 17, 1970, 1969). The initially larger
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Fig. 7. Growth curves of specimens with different average initial lengths of the

1969 goldfish generation. L. — body length, mm; t' — age, vears; II, ITI, .. — age
groups
Fig. 8. Growth curves of specimens with different average initial lengths of the
19690 chub generation. L. — boedy length, mm; {* — age, years, II, ITI, ... — age
ETOUpS.

chubs of the 1969 generation maintained their higher growih rate through
the third year (Fig. 18, IIL, VI). This was due to the nutrition type shift of this
species referred to already. The earlier position of intersection of t-curves
of more rapidly growing generations (between the first and the second year,
Fig. 18, 1972, 1967) can be explained by means of the earlier iransition to
predation.

Another regularity can be observed in the roach population, as well as to
a certain degree (depending on the age and growth rate) in some other popula-
tions. After the first intersection of the t-curves there is another one bhetween
the fourth and the fifth vears (Fig. 19, 1972, 1971, 1969). The 1969 and 1971
generations exhibited a third intersection occuring between the sixth and the
seventh years, The shape and size of the [igures formed at every interseclion
of the two growth curves of a certain generation reveal a gradually fading
process. The growth rate (t) approaches a probably genetically determined
value (see also Fig. 16, III, IV, VI, Fig. 17, Fig. 18, V, VI).
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The t-curves of the more rapidly growing bleak generations intersect bet-
ween the first and the second year (Fig. 20, 1974, 1973, 1871) and those of the
slowlier growing ones — between the second and the third year (Fig. 20, 1969,
1970, 1972).

Similar results can be obtained from plotting the t-values against the L~
-values (Figs. 21—25). At the same L-values fish with smaller initial length
later grew more rapidly (Fig. 21, VI, Fig. 22, V — up to 180 mm, Fig. 23, IlI
[1972], VI, Fig. 24, II. Fig. 25, II, HII, IV [1971]). This did not concern all gene-
rations and sizes. In slower growing generations as well as after the second
intersection of the t-curves there was only a trend towards equalizing of the
t-values (Fig. 22, V, VI, Fig. 23, V, VI, Fig. 24, VII, IX, Fig. 25, V).

DISCUSSION

Sund (1911) for the first time and Gilbert (1914) noted that individuals
which were small during the formation of the first annual mark grew relatively
faster during the second year. Hodgson (1929), Van Qosten (1929),
Ford (1833), Hubbs and Cooper (1935), Hile (1941), Scott (1949}, Ric-

mf1agat
n= 3¢

11(1963)
n= 265
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Fig. 9. Growth curves of specimens with ditferent average initial lengths of the

1969 roach generation. L. — body length, mm; t' — age, years; II, IIl, ... — age
Eroups.
Fig. 10. Growth curves of specimens with different average initial lengths, of the
1989 carp generation. L. — body length. mm; t* — age, years, II, III, .. — age
groups.
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Fig. 11. Growth curves of specimens with different average initial lengths of various
generations (1969, 1970, ...) and age groups (IT, II1, ..) of the goldfish. L — body
length, mm; t' — age, years,

Fig. 12. Growth curves of specimens with different average initial lengths of dif-
ferent generativns (1987. 1969, .. ) and age groups {ITI, VL. ...) of the chub. L — body

k er (1963. 1975) considered the growth compensation as a correlation between
the linear {weight) increments of a particular generation in several consecutive
years. The negative correlations exhibit the growth compensation, i. e. smaller
fish tend to catch up with larger ones. The positive correlations indicate a re-
verse growth compensation. called growth depensation (Scot, 1849. Neave,
1954). Hod g son (1929) illustrated the growth compensation by means of the
convergence of two identical linear growth curves one of which was shifted
along the time axis. Ford (1933) suggested that the reason for the growth
compensation might be the change in the growth curve shape. Ivanov (1873)
pointed out that with a ceriain weight increment, the t-value would be in-
versly proportional to the body lehgth before the weight increase. This is be-
cause of the nonlinear carrvelation between length and body weight Kuzne-
cov (1957) determined growth compensation as diminishing of increments of
larger fish and their relative increasing in smaller one-year-oid fish. He
explained this by means of higher survivability and growth rate of the latter
as adaptations towards unfavourable conditions during the egg and larval
stages of development. Bely] (1950, 1960) explained growth compensation
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as an interaction between internal and external factors of growth. The internal
ones slow down growth but their influence on younger fish is limited. That is
why those lacking behind in size catch up with the others due to a more rapid
growth. According to Kiselevi¢ (1922). Cugunova (1951, 1961), Cugu-
nova et al. (1961), Hunt and Jones (1972) the fast growing one-year-old
fish keep growing faster during the following years. Cugunova (1951)
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Fig. 13 Growth curves of specimens with different average initial lengths of dif-
length, mm; t* — age, years.
ferent generations (1969, 1971, ...) and age groups (II, II1, ...) of the roach, L. — hody
length, mm; t* — age, years.
Fig. 14 Growth curves of specimens with different average initial lengths of dif-
ferent generations (1969, 1970, .. ) and age groups (II, IT1, ...) of the bleak. I — body
length, mm; t' — age, years.

pointed out that larger fish are more active in searching for and utilizing food.
Ivanovs opinion is contrary (Ivanov, 1973). He suggested that the cap-
abilities for finding and utilizing of food by individuals from different size
and weight were gradually equalized during the process of growth and this
was the main reason for the growth compensation. According to Zama-
chaev (19687) the idea that larger individuals have and advantage in search-
ing for and particularly in utilizing food compared to smaller ones can not be
accepted without scientific argumentations. By the same manner we can sug-
gest that smaller fish utilize more food for growing and less — for producing
energy. In mammals some (Widowson and Me Canse, 1960, Widow-
somn, 1968) found an increase in the effect of utilizing food during the pertod
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of growth compensation and others (Mina and Klewvezal 1976) did not.
The latter think that the most important {actor determining the animal’s cap-
ability for growth compensation is its age andf/or the stage of development
during which the growth retardation begins. According to Wilson and
Osborn {(1960) after the beginning of the growth retardation caused by mal-
nutrition, growth can be influenced also by the type of malnutrition, duration
and intensity of growth retardation, ete.

-

Fig. 15. Changes in the absolute increments (t, tnm) of specimens with bigger (solid
lines) and smaller (dotted hines) average initial lengths of the 1969 carp generation.

t* — age, vears, TI, TII, ... — age groups.

Fig. 16. Changes in the absolute increments (I, mm) of specimens with different
average initial lengths of the 1969 carp generation. I’ — age, vears; II, IIl, ... — age
Eroups.

Zamachaev (1967) pointed out that besides other reasons the living con-
ditions and the initial length were obligatory growth affecting factors.

Lapin (1969, 1971) suggested that the equalizing of sizes was not genuine.
During certain periods of ther life cycle fish are groupped according to similar
biological properties and above all according to their sizes. Ivanov (197])
suggested that the main reason for regrouping of fish within the age-groups
was the growth compensation. Its influence increases with reaching the ma-
ximum number and normal age structure of the population. Some other authors
(Bilko, 1965, Korotkovié, 1965 Poltavéuk, 1965 Bruenko, 1968
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Fig. 17. Changes in the absolute increments (&, mm) of specimens with different
average initial lengths of various generations (1969, 1970, ...) and age groups (IIL
IV, . ) of the goldfish. ' — age, vears.

Fig. 18. Changes in the absolute increments (t, mm) of specimens with different
average initial lengths of various generations (1967, 1969, ... and age groups (IIL,
V, ..) of the chub. t" — age, years.

Fig. 19. Changes in the linear increments (t, mm) of specimens with different average
inihal lengths of various generations (1969, 1971, ...) and age groups (II, IIL ..)
of the roach, t' — age, years.

151



after Straznikova and Djaduk, 1976) consider the growth compensa-
tion as a biological and ecological phenomenon, The concepts of Cugunov
(1928) and Zamachaev (1967, concerning growth compensation in different
populations) are similar. They consider the growth compensation as an acci-
dental and not a regular phenonlenon.

Zamachaev determined the relative decrease of the growth rate of larger
fish and the relative increase of the growth rate of smaller fish as growth
compensation, Fish that were larger at the age of one year kept being larger
during the following years although their increments were smaller. He sug-
gested that the decrease of the size variability within a particular generation
exhibited during the first several years of life was due to growth compensa-
tion. Mina and Klevezal (1976) also considered growth compensation as
2 decrease of the size differences among individuals. They concluded that the
lengths convergence could be predicted in advance. The mechanism of growth
compensation is more interesting. Do initially smaller individuals reach a
certain length and weight with the rate of initially larger ones {(nonreal growth
compensation — type 1) or their rate is higher (real growth compensation —
type 2)? The authors used the example of Hodgson (1929) to demonstrate
the nonreal growth compensation. They considered their own attempt to prove
the real growth compensaiion as inconvincing.
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Fig. 20. Changes in the absolute increments (t, mm) of specimens with different
average initial lengths of various generations (1969, 1970, ...) and age groups (II,
1IL, ...) of the bleak. t' — age, years.

Fig. 21. Changes in the absolute increments (t, mm) of specimens with different
average initial lengths of various age groups (11, III, ...) of the 1963 carp generation
depending on their length (L, mm}
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Fig. 22. Changes in the absolute increments (t, mm) of specimens with different
average initial lengths of various generations (1869, 1870, ...) and age groups {IT1,
v, ...) of the goldfish depending in their lengths (L, mm).

Fig. 23. Changes in the absolute linear increments (t, mm) of specimens with dif-
ferent average initial lengths of various generations (1967, 1969, ...) and age groups
(I11, ¥, ...) of the chub depending on their lengths (L, mm).

Earlier Zivkov (1972) discussed the regularity of the growth compensa-
tion, the periodicity of fish growth and the influen¢e of living conditions and
maturity on the pattern and rate of growth of different bream (Abramis brama
1.) populations. He pointed out that the biological growth although extremely
complex was an integral process. That is why the various endogenous and exo-
genous factors affecting growth rate and the pattern of their influence are to
be studied simultaneously and as whole unit. StraZnikova and Djaéuk
{1976) made the same conclusion.

This review indicates the contradietory opinions on the determination, essen-
ce and reasons of the growth compensation. We still do not have a general
and universaly acceptable theory explaining the growth compensation. This
paper presents some of our concepts on the discussed problems.

Ahove all the considering of growth compensation as diminishing with age
of size differences is not quite correct, because this includess the size-selective
mortality (Lee's phenomenon). In order not to be confused by the effects of
the two phenomena growth compensation was studied also within age groups
in which the lack of size-selective mortality was established in advance. The
Lee’s phenomenon was not typical for the populations studied or its effect was
insignificant. That is why the two-year-old fish (three years for the roach) and
the older ones were not affected by this phenomenon (Zivkov, 1930b).

The fish were grouped according to the radius of the first annual ring and
not according to their sizes at the time of collecting (Table 1), This as well as
our results do not confirm the concept of Lapin (1869, 1871) who concluded
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that the size egqualizing was not genuine and was due to a natural grouping
of fish by size.

Another coniroversial and essential problem it the growth rate of fish with
different initial lengths. In some cases the growth compensation can be defined
as a tepdency towards convergence of the L~values (Fig. 6, IV, V, Fig. 7, VI
Fig. 8, VI, Fig. 9, IX, Fig. 11, VI, Fig. 12, VI, Fig. 13, IX, Fig. 14, IV, V). Ob-
viously this was the reason for Zamachaev (1987) to generalize that larger
one-year-olds kept being larger during the [ollowing years. This conclusion is
not confirmed by our results (Fig. 10, VI, Fig. 11, V, Fig. 12, III, Fig. 13, IV,
VII, Fig. 14, IL III).

The problem is whether the growth compensation is just a tendency towards
convergence of the L-values or initially smaller fish do grow at higher rate
during the following years.

The first condition needed to solve the problem is to find an adequate
growth rate index. Some of our previous studies (Ziv kov, 1972) revealed that
the L-values can not be used as such an index. They do not contain informa-
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Fig. 24. Changes in the absolute linear increments (f, mm) of specimens with dif-
ferent average initial lengths of various generations (1989, 1971, .. ) and age groups
(1, I11, ...} of the roach depending on their lengths (L, mm).

Fig. 25. Changes in the absolute increments (t, mm) of specimens with different
average initial lengths of various generations (1969, 1970, .,.) and age groups (II, I1I,
...> of the bleak depending on their sizes (L, mm).
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tion about the growth rate at the end of each growth period but only about
the average rate during all preceding years. That is why some times the L-
-values can not even reveal the tendency of the changes in the prowth rate
{compare Fig. 6, II, III and Fig. 15, II, III). The best idea about the growth
rate and the tendencies of its changes is presented by the absolute annual
length increments (t) (Zivkov, 1972). The relative value of the growth rate
gives a distorted idea (Zamachaev, 1967, Zivkov, 1972, Djatuk, 1974)
although some authors are not convinced of this (Brjuzgin, 1960, 1963, 1969,
Winberg, 1066, Mina and Klevezal, 1976). We should have in mind
the difference between growth rate and tendency of change of this rate (in-
creasing or diminishing). For example the trend towards diminishing of the
t-values of larger fish and a respective diminishing of the growth rate does
not mean that they grow slowlier. The actual growth rate of initially larger
fish keeps being higher until their t-values are bigger than those of initially
smaller {ish, i.e. until the intersection of the growth curves (Figs. 15—20).
The actual growth rate {absolute t-wvalues) should not be confused with the
trend of changes in these values. This can cause incorrect conclusions and in-
adequate implementation of the effect of growth compensation in determining
the standard of the artificially introduced fish.

Initially larger chubs of the 1969 generation maintained higher t-values and
the same trend of change in t {towards increasing) through the third year,
i. e. they exhibited growth depensation (Fig. 18, III).

Hence the concepts of those authors who conclude that initially larger fish
keep growing at a higher rate are correct in some cases and to a certain age.

Our results revealed the opposite phenomenon as well. Among all species
studied some initially smaller fish reached a certain age (Figs. 153—20) and
lengih (Figs. 21—25) al a higher rate (bigger t-values) than initially larger
fish. According to the methodically correct conclusions of Mina and Kle-
vezal (1978) this is the condition to recognize the real growth compensation.

The variability of the growth rate of fish with different initial lengths ren-
ders the studying of the essence of the growth compensation and ils causes
and mechanism more difficult. At least three basic circumstances are to be
payed attention to in order to sucessfully study the problem,

Growth compensation must not be considered something different from
“nmormal” growth. That is why factors influencing these “two® phenomena
and their mechanisms can not be of different nature. Under certain conditions
though these factors affect the prowth of fish to different extends and in
different trends. The understanding of the nature of growth compensation and
its causes is based on the understanding of the entire process of growth of
organisms.

The second circumstance is related with the necessity of a simultaneous
studying and analyzing the strength and trend of internal and external growth
factors.

It is necessary fo distinguish between the causes of growth compensation,
its consequences and/or other phenomena. This is the third circumstance. For
example changes in shapes of growth curves are not causes (Ford, 1933) but
consequences of different growth rates of fish with different average initial
lengths (Figs. 6—14).

Such an approach to the analysis of the regularities illustrated by figures
6—25 renders the possibility to establish that the changes in the growth curves
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(L and t) of fish with different initial lengths are directed towards the recti-
fying (overwhelming) of the deviations from “normal“ (genetically determined)
dimensions (Figs. 6—14) and growth rate (Figs. 15—20) typical of the particu-
lar stage of development. This can be considered as a process of growth re-
gulation. The rate of convergence of the deviations depends on the strength
and direction of the internal and external factors during the following onto-
genetic stages. As we mentioned above the equalizing of sizes (Figs. 6--14)
and growth rates (Figs. 15—20) of generations living under better conditions
and growing at higher rate takes place much earlier than slowlier growing
generations. The more rapid growth of initially smaller fish under good con-
ditions is not contrary to the genetically determined for the particular age
metabolism and size, Their relative and later their absolute growth rates in-
crease. Meanwhile prolonged rapid growth of initially larger fish is not sup-
ported by the genetically predetermined growth capability and from a certain
moment on a growth retardation takes place (Fig. 15). After the first equalizing
the deviations of the L-values {Figs. 10—14) and t-values (Figs. 16—19) tend
to diminish, The “normal” growth is almost entirely restored during the fol-
lowing wyears, ’

The process of regulation under unfaveurable conditions is slower. Differen-
ces between growth rates of fish with different average initial lengths are
smaller (Fig, 19, IX). That is why the first equalizing of the t-values takes
place later (Fig. 17, 1969, Fig. 18, 1969, Fig. 19, 1969 and 1973, Fig. 20, 1969,
1972). The L-values are equalized much later or only a trend towards equaliz-
ing is observed (Figs. 6—14}). The L-values of slowlier growing generations are
not equalized even when the individuals have reached or exceeded the size
at which the L-values of faster growing generations have already been equa-
lized {compare the L-values of 1969, 1971 and 1972 generatons in Fig. 13 as
well as to the generations in Fig. 14). This is very interesting and is probably
related to the mechanisms of growth regulation. Hence the reaching of a cer-
tain size is not the only reason to activate the growth regulating mechanism
based on the feedback principle as stated by Chaljavkin 1975 The reach-
ing of a certain metabolism (growth) rate is probably the main signal to ac-
tivate the stimulating and.or inhibiting internal factors of growth.

The partitioning of fish with different average initial lengths within a cer-
tain generation into large and small is quite relative. In another generation
and/or another population the fish of all size groups may be smaller or larger
than the “normal” (genetically determined for the first age group) size. In the
first case the fish of all size groups will grow like fish with smaller average
initial length. The t-values and particularly the L-values may not converge
during the first one or two years and they may even diverge at a certain
age (growth depensation). In the second case all fish will grow like fish with
bigger average initial length but the growth of larger ones will be more re-
tarded. This is the case in most of our materials (Fig. 20).

The variety of the growth rate curves is due also to the fact that not all
vears of life of the different generations have been just favourable or just
unfavourable. Nevertheless the validity of growth regularities of fish with
different average initial lengths can be established in each particular case.

Hence growtih compensation and growth depensation are two opposites in
a unity — the unity of the process of growth rate regulation. Thev have to be
studied simultaneously and in their unity. This corresponds to the basic con-
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Cepts on the nature of biclogical growth although there are some contradictions
ampng authors (Fedorov, 1973, Klevezal 1975 Mina and Kleve-
zal, 1978, Weatherley and Rogers, 1978). There are many common
ideas in recent publications.

The biological growth is a process of increasing of: structurally and func-
tionally active living substance (Réssle, 1923); the active parts of the or-
ganism (Smalgausen, 1935); the whole living system due to the dominating
of anabolism over catabolism (Bertalanffy, 1937); number and size of
reproductable and differentiable biological structures (Magakjan, 1973).
Most authors think thal nof any increase in size is growth (for example the
body size increase due to increase of fats and/or water content). Klevezal
(1975) considers the skeletal, i e. the linear growth as most indicative while
Weatherley and Rogers (1978) rely on the protein increase as the most
important growth criterion. According to Winberg (1975) growth is a process
of weight increase and not length increase. Zotin discussing with Kleve-
zal (1975) looks for a compromise by pointing out the rather strict allometric
correlation between weight and length; it does not matter which of these is
measured.

The correlation between weight (G) and length (L) can be determined in
each moment by means of the eguation G = kL”. But this correlation will
differ each time because of the variation of k (condition coefficient) and n
during the different seasons. phenclogical years and ages. That 1s why here
we use only the linear dimension when studying growth compensation.

Many scientists accept the molecular genetics growth theory. According to
it the specific and individual peculiarities of growth, metabolism and differen-
tiation are preprogrammed in the genome. and growth is a predetermined,
selfregulating process. The growing organism is a realisation of the genetic
information. based on the feedback principle (Fedorov, 1973, Gofman—
Kadofnikov, 1975, Winberg, 1975, Chaljavkin, 1975, Magakjan,
1975, Mina and Klevezal, 1976).

There are several hypotheses about cellular growth regulation mechanisms
(Weiss, Kavanau. 1957, Kavanau, 1960, 1961, Tanner, 1963) but they
are not widely accepted. They are used by some authors to explain the regene-

" ration of partially removed tissues and organs (Ibert, 1968, Fedorov, 1973,
Chaljavkin. 1975, Mina and Klevezal 1976). According to Mina
and Klevezal (1976) the Tanner hypothesis can be used to explain the
growth compensation.

Some authors disagree with the hypotheses and the principle of growth
selfregulation (look for more details in Chaljavkin, 1975), mainly because
of the lack of experimental data. Weatherley {1972) thinks that the fish
inherits only its maximum possible size unless proved otherwise by means of
detailed experiments. The L and t variations in different generations and under
varying conditions during the fish ontogenesis reported herein do not support
this concept. The growth of fish with different initial lengths is a natural
regulation process. This concept confirms the principles of the modern mole-
cular genetics growth theory. The pattern of variation of growth curves is
one of the few experimental evidences on organism and population levels
illustrating the selfregulation and predetermination of growth during the
varicus ontogenetic stages of fish.
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kAl
CONCLUSIONS '

1. The concept of growth compensation as a process of diminishing wiih
age of size differences of fish is not quite eorrect because it incorporates the
effect of size-selective mortality. Fish with smaller average initial length ex-
hibit growth compensation only if at a particular age their sizes and growth
rates are higher than those of fish with bigger average initial length.

2. The growth rate of fish with bigger average initial length should be con-
sidered higher only untill their absolute increments (t) are bigger than those
of fish with smaller initial length regardless of the trend of change (towards
decrease or increase) of the t-values until that momeni. The trend of change
should not be confused with the growth rate (absolute t-values); otherwise
incorrect conclusions may be made and unreal results from the practical in-
plementation of the growth compensation effect may be expected.

3. Until certain age and size fish with bigger average initial length keep
growing faster with the L and t-values even diverging in some cases (growth
depensation) At a certain age and size fish with different average initial
lengths equalize their growth rates and only after that they exhibit the real
growth compensation which m some generations causes equalizing of the L-
~-values as well,

4. When studying growth compensation it is necessary to take into consi-
deration that: it does not differ from “normal® growth; the strength and
direction of the internal and external growth factors should be studied simul-
taneously and in their unity; the causes of growth compensation should not
be confused with its consequences and’or with other processes or phenomena

5. The changes in the growth curves of fish with different average initial
lengths exhibit a process of convergence of the deviations from “normal™
(genetically determined) size and growth rate typical of the particular onto-
genic period, i.e. a process of growth regulation. Growth compensation and
growth depensation are opposites in a unity. They are two parts of the process
of regulation.

6. The rate of the process of regulation depends on the strength and direction
of the internal and external growth factors influencing fish growth during
the particular ontogenic periods. The equalizing of L and t-values of faster
growing generations, living under better conditions takes place much earlier
and at smaller fish size than slowlier growing generations. These facts are a
good ground to suggest that the growth regulating mechanism based on the
feedback principle is triggered not only hy the reaching of a certain size, but
also (anhd probably above all) by the reaching of a certain metabolic {growth)
rate typical of the particular ontogenic period.
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Hanel L., Novdk J.: Purther note on the hutterflyfish (Pantodon buchholzi)

Fig. 1 — above the detail of the anal fin, male 60 mm of the body length from
Nigeria, Below the detail of the anal fin, female 71 mm of the body length from
aquaria



Moravee F., De N. C.: Some new data on ihe bionormcs of Cystidicoloides tenuissima

1 : -

Fig. 1. Infective larva of Cystidicoloides tenuissimae released from body cavity of
intermediate mayfly nymph — total view (X 300}.
Fig. 2. Anterior end of the iniective larva of Cystidicoloides tenutssima (X 730).



—pp— e veprem————y =

Moravec F., De N, C.: Some new data on the bionomiecs of Cystidieoloides tenuissima

Fig. 3. Infective larva of Cystidicoloides tenuissima in compressed body (abdomen)
of adult Ephemera danica (3¢ 280).

Fig. 4. Infective larva of Cystidicoloides tenuissima located in leg (femur) of the
mayfly nymph Habroleptoides modesta {730}
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Novdk J, . Description of hybrids belween Cichlasoma meeki and Cichlasoma nigro-
fasciatum .

Fig. 1. F, hybrid between Cichlasoma nigrojasciatum and Cichlzsoma meeki, body
length 69 mm, sex unknown.
Fig. 2. Male of Cichlasoma meeki, body leneth 77 mim.



Zavéta J.! Note on the varability of Mesogonistius chaetodan,

Fig. 1 1—2 body length; 1—3 length of head; 4—5 depth of body, 6—2 length of caudal
peduncle; 7—8 length of pectoral fin; 2—9 length of caudal fin; 30—10 depth of caudal
peduncle; 11—12 lowest dorsal spine; 13—14 highest dorsal spine; 15—18 highest dor-
sal soft ray, 18—19 lowest anal spine; 20—21 highest anal spine; 22—23 highest anal
soft ray; 24—25 length of orbit; 26—24 length of snout; 26—27 length of upper jaw;
1—28 length of lower jaw; 18—30 length of anal fin; 29—18 distance V-A; 4—17 length
of dorsal fin; 26—4 distance from tip of snout to origin of dorsal fin; 4—12 number
of dorsal spines; 31—17 number of dorsal soft rays; 32—30 number of anal soft rays;
33—34 number of pecioral rays: 35—36 number of lateral line scales; 37—38 number
of scales above lateral line; 39—40 number of scales below lateral line; 41—42 num-
ber of rows of scales on cheel; 43 number of scales around caudal peduncle.



Zavéia J.o Note on the variabilily of Mesogonistius chaetodon.

Plate 1. Two aquarium specimens of Mesogonistius chaetodon. Photo Rudolf Zukal.



POKYNY PRO AUTORY

Véstnik Ceskoslovenské spoletnosti zoologické uveiejnuje pluvodni védecké price
¢lentt spolecnosti v rozsahu nejvyie 30 stran rukopisu, napsané v nékteré z kon-
gresovych Fedi. a ddle flanky, hodnotici 2ivotni dilo nadich zoologh, vyZidané redakei.
Prace autorli, kiefi nejsou ¢leny spoleénosti, budou pfijimany jen vyjimeénd,

Formalni dprava praci:.

Rukopis {(original a 1 kopie) musi byt psan na stroji s veétsimi typy obfadek,
na strance 30 fadek, fadky po 60 uhozech, bez vétsich oprav. Rukopisy, které by
neodpovidaly emte formalnim poZadavkam, budou vriceny k prepsani.

Hlavicka prdce: 1. Ndzev pracovidté. 2. Ndzev price f{u pracl taxonomickyech
v zAvorce za nazvem systematické zafazeni druhu nebo skupiny — napi. (Ostracoda:
Cyprimdae), oboji v Feli, v niz je prace psana. 3 Jméno a priymeni autora.

Vlastni prace: 1. Velmi struény abstiakt, v rezsahu nejvyse 15 fadek, v angliéti-
né. 2, Uvod do problematiky {stru¢neé). 3. Materidl a metodika (u znamych metod
pouze odkaz), 4. Vlastni ¢ast experimentalni pnebo popisnha. 5. Diskuse. 6 Zavér
7. Seznam citované literatury (nikoliv bibliografie!). 8. Adresa autora. 9. Tabulky,
texty k obrazkim a grafim. Cely rukopis je prabéineé strankovan.

Citace praci provedte podle jednotného vzoru: autor, rok, nazev, éasopis (mezi-
narodninu bliografickymi zkratkami), roénik, sesit pouze v pfipadé, Ze rodénik neni
prubéiné strinkovdn, stranky. U kniinich tituld nakladatel a misto vydani MNapf.:
Hrabeé S, 1975: Second contribution to the knowledge of marine Tubificidae
(Oligochaeta) from the Adriatic Sea Vést, &s. Spoleé. zool., 38: 111—118.

Prepis cyrilice provedte podle mezindradnich pravidel védecké transliterace
(nikoliv fonetické transkripce) — viz 1SO Recommendation R 9. International System
for the ftransliteration of cyrillic characters 1. Ed. October 1955 nebo Zekalle R,
1965: Pedobiologia, 4: 88—91, Jena.

Obrazky a grafy kreslete ¢ernou tusi na Kladivkovy nebo pausovaci papir v po-
méru 1:1 az maximalné 1:2, u taxonomickych praci musi mit obrazky meéritkao,
Obrazky kreslete pokud mozZno tak, aby mohly byt vSechny stejnym zplsobem
zmendeny. Fotografie musi byi ostre, kontrasini, na lesklém papife. Obrazky sestavie
do tabuli, ktere by bylo moino reprodukovat na $ifi strany (126 mmm), nebo s textem
na celé zreadlo (126 > 188 mm). Obrazky nebo obrazové tabule priib&Zné& océislujte
a v rukopise vyznadéte misto, kam maji byt zalomeny.

Tabulky jsou tigtény jako oteviené, t}. bez svislvch linek. V tabulkdch oddélte
vodorovnymi lhinkami jen zahlavi tabulky a dolni okraj. Tabulky protokolarniho
charakteru nebo opakujici udaje z textu. pripadné tak velké, Ze by je nebylo moiné
vytisknout na dvé protilehle strany, nebudou pifiimany.

V taxonomickych pracich dodrzuje zasady, ustanoveni a doporuceni mezindrod-
nich pravidel zoologické nomenklatury.

V rukopisu nepiedpisujte zasadné zAdné Ltypy pisma, oznadte pouze tuZkou
po strané éastl, kieré maji byt vysazeny petitem,

Price zasilejle na adresu: Doc. Dr. K. Harka, CSc., vykoany redaktor Véstniku
Cs. spol. zool. Vini¢na 7, 128 44 Praha 2.
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vydiava Cs. spoleénost zoologicksa, Viniéna 7, 128 44 Praha 2, v Academii, naklada-
telstvi CSAV, Vodiékova 40, 112 29 Praha 1. Tisknou Tiskatské zavody, n.p., zavod 5,
Siamova 12, 101 46 Praha 10. — Roziifuje PNS. Informace o predplatném poda a ob-
jednavky pFijima kazdd administrace PNS, poita, dorutovatel a PNS-UED Praha,
Objednavky do zahrani¢i vylizuje PNS-Ustfedni expedice a dovoz lisku Praha, zavod
01, administrace vyvozu tisku, Kalkova 19, 160 00 Praha 6. Cena jednoho vytisku
Kés 10,—, ro¢ni predplatné (4 éisla roéné) Kés 40,—, (Tyto ceny jsou platné pouze
pro Ceskoslovensko).

Distribution rights in the western countries: Kubon & Sagner, P. O, Box 34 0108
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