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2 S. SUZUKI1

INTRODUCTION

The aim of the study of this series and the géneral aspects of
the chromosome investigation were fully given in the previous paper
(Suzukr 1951). In the present description the chromosomes of twenty two
Japanesé species of spiders belonging to the four families, Clubionidae,
Sparassidae, Thomisidae and Oxyopidae, which constitute Clubionoidea,
will be dealt with.

As is well known the X,X,0O type of sex determination is character-
istic for a large majority of the modern spiders belonging to many differ-
ent families, but some different types such as X0 and X,X.X;0 type
have been found recently in several limited families (REVELL 1947, HACK-
MAN 1948, Suzuki 1950a, Suzukl and OxADpA 1950, Gowpa 1950). Such
sex determining mechanisms, particularly XO mechanism, have never
been so completely investigated as to make clear how widely both types
occur in spiders. Studying such aberrations seems to be very useful for
interpreting the evolution of sex chromosomes. In respect to this point,
the above described Sparassidae, Thomisidae and Oxyopidae deserve
careful study, for in these families a large number of aberrations are ex-
pected to occur. Thus in the following pages special attention will be
paid for the analysis of the morphological feature and behaviour of sex
chromosomes.

MATERIAL AND METHODS

The material used in the present study is twenty two Japanese species
of spiders belonging to the four families, Clubionidae, Sparassidae, Thomi-
sidae and Oxyopidae, which constitute the Clubionoidea Group of the
suborder Arachnomorphae (= Araneomorphae) in the BRISTOWE’S arrange-
ment of spiders’ families. All the material is shown in the Table I. The

TABLE 1. MATERIAL

! Number
Species Sex| of ‘Stage Month Lecality
individ.
Fam. Clubionidae
Subfam. Clubicninae S
Chiracanthium japonicum Bds. & STR.| & 3 juv. Apr. | Mitaki
z 2 3 5 sukad. > 2
2 2 [ 8 z May | Mitaki, Fukuoji
2 2 [ 2 ad. » Mitaki
2 2 3 4 ad. June »
> kompiricola DoN. & STR. | & 8 subad. May | Mitaki, Fukuoji
> oz 3 2 ad. » | Mitaki
2 2 3 3 2 June 2
2 unicum DBCS. & STR. 3 4 subad. May | Iwakuni
Clubiona japonicola Bos. & STR. 3 3 subad. Apr. | Mitaki
(2)



C. tological -Studies in Spiders. 11 3
Clubiona japon cola POS. & STR. 3 5 subad. May | Mitaki
S 2 3 3 subad. & ad.| June »

» 2 3 1 subad. Sept. s

» » 3 3 subad. & ad.] Cct. »

». lera EUS. & STR. 8 1 sukad. Mar.| .» ,

s 2 F3 2 | subad. & ad.| May | Iwakuni,Fukuoji

Subfam. Micariinae . i
Micaria unifascigera E5S. & STR. 3 3 subad. & ad.|Mar. | Mitaki
s - 2 8 1 subad. Apr. »
2 2 5 1 ad. June »
Subfam. Corinninae : e
"T'rachelas japonicus BUS. & STR. s 3 ad. Apr. | Iwakuni
Fam, Sparassidae
Subfam. Heteropodinae
Heleropoda forcipala (KARSCH) ] 1 subad. May »
Subfam. Sparianthidinae
Theliicopis severa (1. T OCH) 5 3 | subad. 2 | Mitaki, Iwakuni
> s 3 1 » June | Iwakuni

> 2 ] 2 2 July SN

Fam. Thomisidae
Subfam. Misumeninae B
Misu nena tricuspidata (T ARRICIUS) 3 1 juv. Feb. | Hirosima Univ.

> 2 - . F 1 4 ‘Mar. 2

» » 3 29 juv.& subad.| Apr. s

2 2 8 10 suktad. & ad.] May s
Xysticus insulicola B.S. & STR. )} 4 subad. Apr. | Mitaki, Showa-

Village, Hiro-
[ shima Univ.

2 ephippiatus SIMON. 3 1 subad. Mar. | Hiroshima Univ.

? ? 8 4 s Apr. | Mitaki '

i 2 & 6 | subad. & ad.f May | 2 .
Coriarachne fuiripes (KARSCH) 3 2 subad.: } Mar. | Showa Village
Oxypi.la decorata KARSCH 8 1 subad. May | Iwakuni

2 2 3 2 ad. June | Iwakuni, Mitcki
Oxylale selo:a KARSCH 3 2 subad. Mar. | Iwakuni

2 4 8 7 » Apr. | Iwakuni,Mitaki,

) i Showa Village

2 2 ? 4 juv. &sutad.| » |Iwakuni, Showa

Village

» 2 ) 2 > May »

4 4 3 1 juv. Aug. | Iwakuni. - -

4 4 ? 2 i Ed 2
Diaca subadulia BUs. & STR. ] 1 subad. May | Showa Village

Subfam. Philodrominae :
Philodro ::us roseus KISHIDA F 3 juv. Mar. | Hiroshima Univ.

2 2 5 19 | juv.& subad.| Apr. >

2 z 8 11 subad. & ad.| May s

> mnigrosirial pes BoS. & STR. F 1 subad. Apr. | Iwakuni

2 & ] 1 > May | 2

2 aurcolus japonicola.BiS.& STR.| 3 1 » Apr. | Iwekuni -

i 2 3 2 s May | Iwakuni, Mitaki
Tibellus tencllus (L. KOCH) 8 1 » » | Iwakuni
Fdqm. Oxyopidae
Ox_opes scriatus L. KOCH 3 10 juv. Mar. | HirogshimaUniv,

ks s e 13 2 s »

2 2 3 6 juv. & subad.| Apr. 2

2 4 ? 2 juv. May >

2 4 8 12 subad, & ad.| 2 s

Fukvoji, Mitaki

2 2 3 4 subad. & ad.| June | Hircshima Univ.

Nishina generosa KISHIDA F3 1 subad. Apr. | Miiri Village

~
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species name, sex, date of fixation, number of individuals and locality
of the material are given in the table.

The chromosome study of all the material was carried out based on
the permanent preparations of the male and the female gonads. In fixa-
tion the testes and ovaries alone were dissected out in 0.7 % sodium chlo-
ride solution and immediately put into the fixatives; in some cases when
the specimens were too small, however, the gonads were preserved with
small piece of visceral mass. As fixatives NAvVAsHIN’S solution, meodified
NAvAsHIN's solutio, ALLEN-BouIN’s solution, CAROTHER’s solution, FLE-
MMING's weak solution, FLEMMING’s strong solution, modified FLEMM-
ING’s weak solution and CHAMPY'S $dlution were employed. In respect to
the dehydration, szction and staining, the same methods descnbed m the
previous papsr (Suzuki 1951) were used.

The drawings were made at table level with the aid of an objective
120, ocular 20 and Assk’s camera lucida.

- OBSERVATION
1. Family Clubionidae .

In this family the chromosomes of Clubiona and Micaria have s
far been investigated by HACKMAN (1948). In the present study three

species of Chiracanthium, two species of Clubiona (subfamily Clubioninae),

one species of Micaria (subfam. Micariinae) and one species of Trachelas
(subfam. Corinninae) have been observed, of which Chiracanthium and
Trachelas are quite new material for cytological survey.

The chromosome number of the four species studied by HACKMAN
was uniformly 12 in haploid, but that of the present seven material va-
ries between 12 and 14. Despite the variation of the chromosome number,

the sex determining mechanism in all the studied species is alike and
X, X,0 type.

1. Chiracanthium japonicum BOSENBERG et STRAND
(Figure 1 A-I)

This spider is comparatively large in body size and is- usually met
with in the field. The male gonads from a large number of individuals
collected betwzen April and June provided the present material. The fixa-
tives employed were NAVASHIN’s solution, modified NAVAsHIN'S solution,
CAROTHER'S solution and modified FLEMMING's weak soluuon, all of which
gave pretty good results.

The testes of juvenile individuals fixed in April contain numerpus
spermatogonial metaphase plates and those of subadults fixed in May are
favourable for observing the meiotic divisions. The spider matures in

(4)
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the last part of May and June. :

The spermatogonial chromosomes in this family are generally large
and favourable for observation. On the other hand, it is difficult to ob-
tain the good preparations of the meiotic divisions in which exact count
of .chromosome number can be made, for in these divisions, especially in
the first division, the chromosomes are packed closely together and- they
are thickly condensed. For this reason HACKMAN (1948) has been unable
to obtain excellent metaphase plate of the first division except a single
species. '
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Figure 1. Chiracanthium japon:curi. All drawings at a magnificu~
tion of 3000 x (reduced from 4000x ). A-D, spermatogonial metaphaces,
showing 26 chremosomes. E,F, primary spermatocyte metaphases, show-
ing 12 bivalents and 2 univalent X's. G, lateral aspect of the first
division metaphasé. H, secondary spermatocyte metaphase, showing 14
chromcsomes. I, the same, with 12 chromosomes. '

In the present material a large number of spermatogonial metaphase
plates were obtained. Every plate shows the diploid chromosome number
26 (Fig. 1 AD). All the chromosomes are acrocentrics, which are of
terminal or subterminal spindle attachment. The general appearance of the
metapase plates varies in the different plates. In some cases the chromo-
somes are highly condensed and deeply stained with hematoxylin, most
of them are stout rods and with irregularly curved, bizarre contours - and
some assume scale-like form (Fig. 1 A). In others, particularly, when
the sections were differentiated excessively, the chromosomes show a quite¢
different feature from that mentioned just above and exhibiting a typicai
rod shape, in which precise morophological analysis is possible (Fig. 1
B:D). The two chromospmes situated in the twelve o’clock directing of

¢5)



6 - 8. SUzURI

the dial in Fig. 1 B, are distinguished from others due to the largest
size and the presence of a transverse constriction in a certain locus of the
proximal half, and each element appears as if consisting of two chromo-
some segments. The similar feature is seen in 1-2 o’clock in Fig. 1 C teo.
Careful observation shows that almost all the spermatogonial spindles
contain two such special chromosome elements. The even number of the
diploid set suggests the existence of two sex chromosomes and the above
described two are regarded as two complex sex chromosomes.

Such a characteristic structure of some spermatogonial chromesomes
makes us recall the Xg-chromasome in Heteropoda venatoria (Suzuki and
OxkADA 1950), and the X,X,-elements in some argiopid spiders (Suzuki
1951). As it will be mentioned later, the similar feature of the X-elements
has been observed in many species belonging to Sparassidae, Thomisidae
and Oxyopidae studiéd in the present paper.

As already mentioned, it is considerably difficult to obtain good prepa-
rations of the first meiotic division, but in numerous preparations only
a few excellent metaphase plates were found. At first metaphase exist
fourteen chromosomes without exceptions, twelve of which are bijvalent
autosomes and the remaining two are univalent X-elements (Fig.1 E, F).
As in the spermatogonial metaphase two types were found regarding the
configuration of chromosome elements. In some plates the chromosomes
are stout (Fig. 1 F) and in others comparatively fine elements (Fig. 1 E).
The autosome bivalents are mostly V- or dumb-bell shaped in which the
chiasma is interstitial. The two X’s are always clearly distinguishable at
the first metaphase. When viewed from lateral they assume two elongat-
ed rods of nearly equal length, which are the largegt in the set and
arranged closely together on the peripheral region of the spindle and di-
recting their proximal end towards the same pole (F1g 1G), but no
chiasmata are formed between them. As is shown in Fig. 1 E, F, the X,
and X, situate sometimes completely apart with some considerable distance
between them. Each X possesses a single spindle attachment in the proxi-
mal end and at first anaphase goss undividedly to the same pole, thus
in respect to the sex chromosomes, two sorts of the secondary spermato-
Cytes are expected to produce. Fig.1 H, I, show the metaphase spindles of
the secondary spermatocytes, the former contains fourteen monads (12A+
2 X) and the latter twelve ones (12 A). The chromosomes of the meta-
phasz II are globular or short rods with slightly pointed proximal end.
Two elements situated in the eight and nine o’clock in the Fig. 1 H, are
larger than others and likely to represent 2 X’s.

. . 2. Chiracanthium kompiricola D6NITZ et STRAND
(Figure 2 A-F)

The present-material very much resembles the previous species in the

(6

s
1%
B
&
¢
%
£,
i
&
&
H
4
I;




C.tological Studies in Spiders.II 7

morphological characters and habitat. Numerous pairs of testes from
subadult and adult individuals captured between May and June were pre-
served in the modified NAvAsHIN's solution and FLEMMING'S weak so-
lution.

The general features of chromosomes, namely, the number, morpho-
logy, behaviour and sex determining mechanism in the present material
resemble those of the preceding species.

In the spermatogonial metaphase twenty six chromosomes of acro-
centric type are clearly counted, and as in the former case the chromo-
somes are very stout, curved irregularly and some of them assume scale-like
form (Fig. 2 A,B). On the other hand, in some spindles (Fig. 2 C, D) the
chromosome elements are not so stout, but slender and short rods with
gradual size difference. In this species, also, the largest pair is considered
to be the sex chromosomes, but they could not be distinguished so clear.
ly.

im
SN
W=
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Figure 2. Chiracanthium komp.ricola. All drawings at a moagnifica-
tion of 3000x (redvced from 40(0x). A-D, spermatogonial metsphaces,
showing 26 chromosomes. E, primary spermatocyte metaphase, showing
12 bivalents and 2 univalent X's. F, side view of the first division
metaphase.

The chromosomes of the first metaphase are pictured in Fig. 2 E. At
metaphase 1 exist fourteen chromosomes, two of which are typical uni-
valent rods and representing the X-elements, the remaining t;y(;félve are auto-
some bivalents which are of typical V- or dumb-bell shape. ..In the profile
the chromosomes are highly condensed and the 2 X'’s: assume stout
rods of more or less pointed end (Fig. 2 F). At metaphase I the 2X’s lie
only rarely on the equatorial plate, usually standing on the intermediate
region between the equatorial plate and one of the poles and at anaphase

C7)



8 ' S. SUZUKI

they finish the movement towards the pole, when autosomes begin to sepa-
rate.

‘As in the previous species, there are two kinds of metaphase plates
in the second division: in some 12 autosomes alone and in others 12 auto-
somes plus 2 X'’s are present. '

3. Chirvacanthium unieum BOSENBERG et STRAND
(Figure 3 A-G)

The present material is considerably small in size and the body is
greenish yellow. Numerous specimens are met with in the field in early
summer. The testes from subadult individuals secured in May were em-
ployed for the present material. The fixative used was modified NAVASHINS
solution. A large number of dividing figures and all phases of spermato-
genesis were observed in the preparations.

In respect to the general feature of chromosomes marked similarities
can be found between the present material and the above mentioned two
forms. :

The sparmatogonial metaphase shows the diploid chromosome number
26 invarjably (Fig. 3 A.C). In some figures the chromosomes are of slight-
ly curved rod shape, with smooth outline (Fig. 3 B, C), in others they are
irregularly curved and showing more or less bizarre contours (Fig. 3 A).

X X ) ¢
%Q x%o ;:}.%
3%’ & Jj s,

‘ X : a?"o
%} NN S

Figure. 3. Chiracanthium unicum. All drawings at a magnifica-
tion of 3000x (reduced from 4000x ). A-C, spermatogonial metaphas-
es, shcwing 26 chromosomes. D, E, Primary spermatocyte meta-
phases, chowing 12 Livalents and 2 univalent X’s. F, secondary
spermatocyte metaphace, showing 14 chromosomes. G, the same,
with 12 chromosomes.

¢ 8)
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The two chromosomes situating in twelve o’clock in Fig. 3 A, are dis-
tinguished from others because of the particular form. They are clearly
constricted in the interstitial region and in that locus they are .bent, so
that each of them looks as if it is consisted of two chromosome segments.
These two elements seem to be homelogous with those of Chiracanthium
japonicum and regarded as sex chromosomes.

The primary spermatocyte spindles are very large and in which twelve
autosome bivalents and two univalent X-elements are present (Fig.3 D, E).
At this stage the 2 X’s are standing usually as two isolated rods on the
peripheral circle of the spindle, sometimes a clear longitudinal split is
visible in them and each X assumes a typical V-shape. The individual X
seems to be of nearly equal size. But sometimes a minute difference alone
was noticed. As in many others, at first anaphase, the 2 X-elements pass
one pole and divide equationally in the second division. The chromosomes
of the second metaphase are pictured in Fig. 1 F, G. The former contains
14 chromosomes (12 A+2 X) and the latter 12 ones (12 A).

4. Clubiona japonicola BESENBERG et STRAND
(Figure 4 A-F)

This is one of the most common Clubiona-speices in Japan and through-
out the whole year except winter, the material of different stages is
met with. In the present study the testes of numerous individuals captured
between Arril and Ociober were fixed in the NavasHIN's solution, modi--
fied NavasHIN’s solution, CAROTHER's solution and ALLEN-BOUIN's solution
etc., all of which were found to be not so favourable for the fixation of
dividing chromosomes, for at metaphase, especially in the first division,
the chromosomes are packed closely and some are fused, so that it is diffi-
cult to count chromosomes exactly. Thus the preseat material is not favour-
able for chromosomal study. But fortunately I have bzen able to obtain
some good prerarations in which important phases of spermatogenesis
have bezn observed.

The chromosome number of three Finnish species of Clubiona has
been reported as 12 in haploid by HACKMAN -(1948), but it was detcrmin-
ed at diakinesis or second division and not in the first metaphase.

In the testes of the subadult individuals many spermatogonial spindles
were found, but since the chromosomes are small and some are often over-
lapped, the accurate chromosome number is difficult to count. The number
of chromosomes was reported briefly by me (1950a) as 21 in diploid and
9 in haploid, but the later reinvestigation reveals 22 in diploid and 12
in haploid. As shown in Fig. 4 A, favourable metaphase shows the diploid
chromosome number 22, in which the elements are small rods and with-
out any characteristic structure. . So it is difficult to distinguish sex

C9)
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chromosomes, at diakinesis, however, two compact globular X-elements
are clearly observed, which are highly condensed and deeply stained -and
lying side by side near the nuclear membrane (Fig. 4 B). ’

Figure 4. Clubiona japonicolu. All drawings at a magnification of 3000 x
(reduced from 4000x ). ‘A, spermatogonial metaphace, showing 22 chromc-
somes. B, diakinesis. C, lateral view of the first division metaphase. D,
primary spermatocyte metaphase, showing 10 bivalents and 2 univalent X's.
E, the same, with 10 bivalents. F, side view of the first division telophase.

- As already mentioned, to obtain good sections of the first division is
very hard. Among a large number of preparations, only a few favourable
metaphase plates have been found, in which the chromosomes and plates
are considerably large and the chromosome number has been counted accu-
rately (Fig. 4 D, E). In the plate ten autosomal bivalents and two X'’s
are existed. In the profile of the first metaphase two X's are elongated
rods of approximate length and they stand on the peripheral region of
the equatorial plate, each of which is of a single spindle attachment and -
directing its proximal end towards the same pole (Fig. 4 C). Judging -
from the size in the first division, the two X-elements are regarded as the
largest pair in the complement. Sometimes they show a longitudinal
split at metaphasz I. Here alsy, at anaphase they remove towards one -
pole undividedly and in the ensuing division they separate themselves
equationally. a -

5. Clubiona lena BOSENBERG et STRAND
(Figure 5 A-G) -

The ;fnaterial for this study consists of the testes from two subadult
and one .adult individuals which were collected in March and May and
were fixed in modified NAvAsHIN’s fluid.

(10)
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In the testes from one subadult fixed in March existed a large number
of division figures and other phases of spermatogenesis. In the systematic
viewpoint, the present specimen is closely related to the just above men-
tioned species, C. japonicola. The chromosome number of this species is
24 in diploid and 13 in haploid, and differs clearly from that of C. japoni-
cola and three Finnish Clubiona-species. Except the chromosome number,
however, the general feature of chromosomes are similar to that of C.

Japonicola. |
& gﬁ%
4
Ty U

Figure 5. Clubiona lena. All drawings at a magnification of 3000 x
(reduced from 4000x ). A-D, spermatogonial metaphases, showing 24
chromosomes. E, F, primary spermatocyte metaphzses, skowing 11 Liva- )
lent and 2 univalent X’s. G, side view of the first division metaphace,
showing 2 X's and 2 pairs of chromatic bedies.

The chromosomes of the spermatogonial spindles are comparatively
large and in excellent figures, they are lying well apart each other, so
that the material is favourable for chromosomal observation. A careful
ex?.mination of spermatogonial dividing figures reveals the diploid chromo-
some number 24 without exceptions (Fig. 5 A-D). All the chromosomes
are acrocentric type and rod shaped, as in Fig. 5 A, they are typical
rods of slight size difference and are of smooth outlines. In Fig. 5 B, the
elements are bent somewhat distinctly and shows irregular contours.
Judging from the meiotic division, two multiple X’s should be included
in the spermatogonial chromosomes, though it is difficult to identify
them in this plate.

The polar views of metaphase 1 are pictured in Fig. 5 E, F. In every
plate eleven bivalents and two univalent X’s can be found. The chromo-
somes are highly condensed and the bivalents are of dumb-bell shape,
some of which ara globalar or short rods. In respect to the morphological
character and bzhaviour of the sex chromosomes, similar: feature can be

(11)
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found between the present species and C. japonicola.

At first metaphas: minute chromatic bodies which are stained faintly
with hematoxyhn are often observed in the nuclear cavity. In one figure
they show a pau'ed arrangement on the equatonal plate and look as lf
two pairs of them are in the course of division as autosome b1va1ents
(Fig. 5 G). They show markel similarities to the planosomes descnbed
by PAINTER (1914) in many spiders, but their origin and fate could not
be clearly traced.

Subfamily Micariinae

6. Micaria unifasci gera BOSENBERG et STRAND
(Figure 6 A-E)

The testes from two subadult and three adult specimens were preserv-
el in CarOTHER's sdlutidn and modifial NavaspiN’s sdlution during
the time between March and June, which served as the material for the
present. study.

The chromoscmes of Micaria have already been observed by Hack-
MAN (1948). He reported that M. decorata shows that the haploid chromo-
some numbar is 12 and the nucleus and chromosomes are larger than
those of other Clubiona-species. In the presznt species the chromosomes
and nucleus are not so large, compared with those of the related forms
of Clubiona and Chiracanthium, but rather smaller, and in many cases
they are packedtogether and found to bz not favourable for cytological
study. Despite the bad fixation of chromosomes, the X-elements are al-
ways distinguishable at the first metaphase, as is shown in Fig. 6 B.D,

s;;' ('Arw /@

\\",."".:‘l \/ E

Figure 6. Micaria unifascigera, All drawings at a magnification of
3000 x - (reduced from 4000x ). A, primary spermatocyte metaphase, show-
ing 10 bivalents and 2 univalent X's. B-D, side views of the first divi-
sion metaphases, showing various arrangement of 2 X's. E, early teloph: se
of the first Cjvision, cide view. '

(12)
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the two X’s are of rod shapz of nearly equal size and standing on the ec-
centric position of the spindle, directing their proximal end towards
the same pole. Judging from the observation of the first division, the
X,X,-elements are regarded as the largest one pair in the set. The 2 X's
are prereductional in this case also. The determination of the autosome
number at metaphase I is rather difficult due to the lack of favourable
preparations, but in some relatively good division figures (Fig.6 A) ten
autosome bivalents were counted as in the M. decorata. The autosome
bivalents are V-shaped or of dumb-bell shaped.

Subfamily Corinninae
7. Trachelas japonicus BSSENBERG et STRAND
(Figure 7 A-C)

The members of this subfamily have never been studied cytologically.
The testes from three adult individuals collected in April and fixed in
modified NAVAsHIN's solution constitute the material for this study.
Owing to the lack of the material the meiotic chromosomes alone have
been observed. The testes of mature spiders were filled with sperms and
spermatids, and only a few dividing figures of the primary spermatocytes
have been found within several cysts. As in the foregoing species, Mica-
ria unifascigera the chromosomes and nucleus are considerably small and

¥ o4
La =8

Figure 7. Trachelas japonicus. All dnwmgs at a magnification
of 3000x (reduced from 4000 x ). A, pnmary spermatocvte metaphase,
showing 10 bivalents and 2 univalent X's. B, side view of the first divi-
sion. C, secondary spermatocyte metaphase’ wnth 12 chromosomes.

they defy careful observation. In some of the first metaphase plates ten
autosome bivalents and two separated univalent X’s were counted. The
chromosome feature shown in Fig. 7 A, resembles that of Micaria unifasci-
gera (Fig. 6 A). At metaphase 1 the 2 X'’s lie on the spindle completely
apart and both elements are of almost ejual length (Fig. 7 B). At first
anaphase, they remove precociously t0 one pole as in the related species.
An excellent, secorid metaphase plate was obtained, in which 12 glob-
ular- chromosomes were clearly observed (Fig.7 C).

(13)
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iI. Family Sparassidae

The cliromosomes of this family have been investigated -quite recently
by HACKMAN (1948) in Micorommata viridissima and by Suzukl and
OxaADA (1950) in Hzleropoda venatoria. Further observations have been
done in the two Japanese species, Heteropoda forcipata and Thelticopis se-
vera. According to the above mentioned authors high chromosome number
and X,X,X30 type of sex determination are characteristic for the two
species. The similar condition has been demonstrated in the present
material, too.

Subfamily Heteropodinae
8. Heteropoda forcipata (KarscH)
(Figure 8 A-H)

The present material is closely related to Hzteropoda venatoria studied

by Suzukr and Oxapa (1950), in the taxonomic standpoint.
"~ The testes from a single subadult individual captured in May was
employed for the material of the present study. As a fixative modified
NAavasHIN’s solution was usad, which gave the favourable results. The
testes of the present material is so large that many preparations were
made in which numerous number of clear division figures and all phases
of spermatogenesis have been investigated. The present. material is very
favourable for chromosome study because of their larger size of chromo-
somes.

In respect to the number, morphologmal characters and behaviour of
chromosomes striking similarities can be found between the present species
and the related form, H. vanatoria, in accordance with taxonomic relation.
As shown in Fig. 8 A, B, the diploid number of chromosomes is 41. All the
chromosomes are acrocentric type, which are of termmal or subterminal
spindle attachment. They assume typlcal rods of varying size, some are
slightly and others distinctly curved. The chromosomes are stained deeply
with hematoxylin and showing smooth outline, so that even if some are
overlapped, the chromosome number can be counted definitely. In the ex-
celleat spermatogonia one chromosome is distinguished from others due to
the larger size and particular shape. As is shown in Fig.8 A, B, the ele
ment labelled as X is slender, elongated rod and bent acutely in the inter-
stitial region, it is somewhat larger than any others. In some slides it
has a distinct constriction in the interstitial region and shows a clear bi-
partite structure (Fig.8 C). When the presumed homologous chromosome
pairs are picked out, the chromosome in the question is found to have no
mate, thus it is regarded as s2x chromosome. The characteristic feature

“of this element is quite similar to the Xy-element of Heterofoda venatoria

(14)
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studied by the author and OxATA (1950). Except this unpaired X no
such particular chromosomes are recognized.

Figure 8. Heicropoda forcipaia. All drawings al a megnification of 5000 x

(reduced frecm 4000x). A, B, spermatogonial metaphase, ckowing 41 chromosomes.

C, one X-elenent frcm spermatogonial metapkase, skowing Lipartite structure. D, E,

primary spermatccyte metaphases, showing 19 Livalents and 3 X’s..F, 3 X's from the

: first division ‘metaphzse, polar cspect, shcwing larger X ceragated frcm 2 emaller

X's. G, profile view of the first division metapk:ce, sl-cw.ng 3 X's. H, seccncary
spermatocyte metaph:se, showing 21 chrorrcsomes

The nuclear platé of the primary spermatccyte is remarkably large
and in this nuclear cavity many distinct chromosome elements are evenly
distributed. As is seen in Fig. 8 D, E, every metaphase plate contains nine-
teen autsome bivalents and three univalent X- elements, which are.situated
always on the peripheral region of the spindle, isolated from. the ‘autosome
group. The autosome tetrads are mostly V-shaped, which .look a%:if two
chromosome segments were attached at their proximal end, and sbme are
of transverse suture at apex. Some are dumb-bell forms or short rods. At
metaphase I the 3 X’s stand on the eccentric position of the spindle, lying
parallel with each other and directing their longitudinal axes vertical ‘to
the equatorial plate. They are elongated V forms. Of these three X's two
are always of approximately similar length, but the remaining one is distinct-
ly larger. The latter is longer by about one fourth of itself than the
former. ‘The largest X-element shown in Fig. 8 G seems to be slightly
constricted in the prommal region and in this constricted locus the chromo-
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some is slightly curved. The structure of this X-element resembles strikingly
that in the spermatogonium. In respect to the arrangement of the 3 X’s at
metaphase I, some variations are observed. Usually they stand parallel
quite apart' with an equal distance, but .sometimes one larger X is sepa-
rated with a considerable distance from the two smaller elements (Fig. 8 F).
At any rate, these 3 X-elements possess a single spindle attachment on
the proximal end and at ‘the first anaphase they go undividedly towards
one pole. In the ensuing division they separate into equal halves. Thus in
respect to the chromosome number, two sorts of secondary spermatocytes
are produced, one with ninteen autosome dyads plus three X-elements and
another with ninteen autosome dyads alone. Fig. 8 H shows the X-class
of the secondary spermatocyte, in which the chromosomes are short rods
of somewhat pointed inner end, one elongated rod seems to represent the
largest X-element.

Subfamily Sparianthidinae

9. Thelticopis severa (L. KocH)
(Figure 9 A-D)

The present subfamily has never been studied cytologically. This
species distributes in the south-western parts of Japan, but it occurs com-
paratively rarely, so that the material is not s> easily obtainable. Its
body and testes are considerably large and favourable for dissection. As
the material for the present study the testes from six subadult spiders
which were captured between May and July were employed. The fixatives
used were modified NAVASHIN'S solution, CAKOTHER’S solulion and FLr- °
MMING's weak sdlution.

The testes fixed: i in May and June are filled with resting nucleus and
dividing figures of swet\matogoma And those preserved in early July con-
tain largely the cell plates of early meiotic prophase and partly spermato-
gonial cells. Very probably the meiotic divisions may take place in mid
summer. Unfortunately owing to the lack of material, I have not been
able to obtain favourable preparations of the meiotic divisions, accordingly
the following description is limited to the spermatogonial division alone.

A large number of spermatogonial metaphase plates were obtained.
The chromosomes and cell plates are strikingly large, probably those of
the present species are one of the largest among over eighty species studied
by me. A careful examination reveals that the diploid chromosome number
is' forty three (Fig. 9 A-D). All the chromosomes are of rod shape which are
of acrocentric type and most of them are remarkably large in sizc. Many
larger chromosomes consist the outer ciicle, in the central region of this
circle exist about 6-7 pairs of more or less small ones, many of which are of
globular distal segment. In somewhat deeply stained sections the chromc-
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some elements are stout and large, some of which straight and others

Figure 9. Thelticopis severa. All Hrawings at a magnification of 3000x (reduced
from 4000x ). A-D, spermatogonial metaphases, showing 43 chromcsomes.

more or less curved rods (Fig. 9 D). When the section is differentiated
favourably, they show clear morphological characters, namely, many of
them are much elongated rods which have long tapering proximal end
and are bent irregularly. Among the chromosomes constituting the outer
circle of the plate, there is only a slight size difference except some ele-
ments. In every plate some chromosomes are exceedingly large in size. In
Fig. 9 A, one element which situates in four o’clock is distinguished by the
notably larger size, which is the largest in the complement and has no
mate. When compared it with the largest X-element of Heteropoda, marked
similarity can be found between them. In Fig. 9 C, too, one distinctly
larger chromosome is observed in seven o’clock, in which a proximal con-
striction is present. Even in Fig. 9 D, one element lying in 3 o’clock is
obviously the largest in the set. Such largest one element is always unpair
ed and is considered to be homogeneous with the one X-element in Hetero-
poda. In Fig. 9 B, four particular shaped elements, two of which are
existed in two o’clock and another two in three o’clock, are distinguisha-

(17)
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ble in the sst. These four elememts, particularly three of which, are ‘ex-
tremely elongated and near the middle or in the interstitial region with a
distinct constriction, by which each element is divided into both proximal
and distal segments, of which proximal segment is markedly thin and is
bent distinctly or somewhat spirally, and as a result, the chromosome itself
assuming a very characteristic form. Some of them may probably repre-
s=nt sex chromosomes, but in this respect no definite conclusions can be
reached owing to the lack of the observation of the meiotic division.
Quite recently I have heard from McINTOsH that two forms males
of Delena and Oljos bzlonging to the same family as the present species
show the diploid chromosome number 43 and 3 X’s mechanism, so that
very probably the present species males also contain three X-elements.

III. Family Thomisidae

This family is divided into two subfamilies, Misumeninae and Philo-
dromjnae. Some authors regard these two subfamilies as separate families,
In the Misumeninae the chromosomes have so far been studied in one
species of Misumena and two species of Xysticus (PAINTER 1914, HAck-
MAN 1948). In the Philodromine four species of Philodromus, one species
of Thanatus and one species of Tibellus have been investigated cytologi-
cally by HAckmAN (1948).

In the presant report the following twelve species of eight genera
bzlonging to the both subfamilies have been dealt with. Subfamily Misu-
meninae: Misumena tricuspidata; Xysticus insulicola; X. ephippiatus:
Coriarachne fulvipes; Oxyptila decorata; Oxytate setosa; Diaea subadulta.
Subfamily Philodrominae: Philodromus roseus, P. nigrostriatipes; P. aure-
olus' japonicola; Tibellus tenellus. :

Subfamily Misumeninae

10. Misumena tricuspidata (FABRICLUS)
(Figre 10 A-O)

.

The pressnt species is one of the most common spiders in gardens
and fields in Japan. Numerous specimens from the juvenile to the adult
individuals captured during the time between February and May were
used for the present material. The male gonads were fixed in CAROTHER’S
solution, NAVAsHIN's solution, modified NAVAsHINS’S solution and CuAM-
PY’s solution, all of which gave favourable results. The testes of the: ju-
venile individuals fixed in March and early. April contained many spermato-
gonial division figures, and those obtained in the middle of April and
May were favourable for the observation of meiotic divsions.

‘The closely related species, Misumena vaiia has been studied cyto-
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logically by HACKMAN (1.c.). By him the species possesses 12 chromo-
somes in haploid and the single XO type of sex determination. Regarding’
the chromosome number and sex chromosome the present material gave
the same result as M. vatia in the present study, however, more accurate
observations have been done through all phases of spermatogenesis than
in M. vatia. HACKMAN failed to observe spermatogonial spindles, but a
large numbzr of excellent division figures were obtained in this species.
As is shown in Fig. 10 A-D, every plate contains twenty three chromo-
somes of short rods which are of a slight size difference. Usually all the
chromosomes seem to be packed closely in the nucleus. When the homolo-
gous pairs are picked out according to shape and size, one is found to
have no mate, which is seemingly the largest one and is regarded as
X-element. A careful examination reveals more characteristic structure of
X-clement. It seems to be the largest in the complement and in. some

X
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Figure 10. Misumena iricuspidaia. All drawings at a magnification of 2400 x
(reduced from 3000x). A-D, spermatogonial metaphases, shcwing 23 chromosomes.
E-H, primary spermatocyte metaphases, shcwing 11 bivalents and a single univalent X.
I-K, side views of the first divisicn metz-anaphases, showing a single X. L, M,.

" secondary spermatocyte metaphases, showing 12 chromosomes, N, the same, -with
11 chromosomes. O, side view of telophzse of the second division, showing X-ele=
" ment.

(' 19 )
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sections it curves distinctly in one side and often with a slight but clear
proximal constriction (Fig. 10 B). And in some plates it is slender <and
more or less faintly stained than any others (Fig. 10 A). These morpho-
logical characters of the X-element are observed often in some of the pre-
sent subfamily as will bz described later.
. At first metaphasz eleven autosome bivalents and a single X-element
are clearly recognized (Fig. 10 E-H). HacxkmaN (1. c.) reported that the
meiotic chromosomes of M. vatia are larger than those of Xysticus-species,
but in this respect no different conditions could bz found between the
Misumena and Xysticus 1 studied. The autosome tetrads are V shaped,
dumb-bzll shape or short rod with a slight madian constriction. As in the
usual X,X,-elem=nts, at mztaphas:z I the single X-element situates on the
peripheral position of the equatorial plate, directing its longitudinal axis
parallel with the spindle fibre. In the lateral aspect the X assumes rod
shape and it often reveals V-shape in a longitudinally;split X (Fig. 10 I-K).

As in many others, at anaphasz of the first division the single X
goes undividedly to one pole. Thus here alsy, regarding the sex chromo-
some, two kinds of secondary spermatocytes are produced, one half contains
eleven autosomes and a single X-elememt and another half with eleven
autosomes alone (Fig. 10 L-N). The chromosomes in the second metaphase
are small rods or of globular form. In one plate which includes 12 ele-
ments one elongated dyad which is stained faintly and of irregular
outline, ‘was observed. It forms a striking contrast with others and is
regarded as X-element (Fig. 10 M). At second anaphase all the chromo-
some elements including the single X separate equationally. At second
telophase when daughter chromosomes reached each pole, one large chromo-
some was found lagging behind others in both poles, which is the largest
and seems to bz X-element (Fig. 10 O).

In the present species thus single X-element is falrly distinguished
through all the stages of spermatogenesis.

11. Xysticus insulicola BOSENBERG et STRAND
(Figure 11 A-K)

The material used in the present study is the male gonads from
four subadult individuals which were collected in early April and preserved
in modified NAVASHIN’s solution. In the testes a large numbar of spermato-
gonial division figures and all the phases of spermatogenesis were con-
tained.

Three species of this genus, X. i7iguttatus, X. viaticus and X. wulmi
have b:zen studied cytologically by PAaiNTER (1914) and HAackMmaN (1.c.).
PAINTER reported the existence of X,X,O-system in X. {riguttatus males,
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on the contrary, HACKMAN observed XO-system in X. viaticus and X. ulmi.
Despite the difference of X-element, the autosome number is alike in three
studied species. The chromosome number and X-chromosme mechanism of
the present species accord with the result reprted by HACKMAN.

I have been able to obtain favourable preparations of spermatgonial
meatphase plates. As is shown in Fig. 11 A.C, twenty three distinct chromo-
somes are existed in every plate. The chromosomes are stout rods
which are of slight size difference except a single element. Some-of the
autosomes show a longitudinal split. As is well distinguished in Fig. 11
A.C, a single element is extremely longer than others and regarged as a
single X. When the section is stained deeply, no marked -structure is
noticed, but if differentiated favourably, notable feature appeared in the
X. Namely, in the exczllent szctions, the X stains more or less faintly
than. others without distinct outline and in many cases it is bent’sharply
and near the proximal end it has a transverse constriction.  Thus in the
preseat material males have a single X-element, and which is plainly

Sy " adly
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Figure 11. Xysticus insulicola. (A-C 3200, D-K 24060x). A-C, spermatogonial
metaphases, showing 23 chromosomes. D, prometaphase of the primary spermatocyte,
showing a single X. E-G, first division metaphace, showing 11 bivalents and a single

- X H, side view of the first division metaphase. I, side view of late anaphdse of the
- first division, showing X-element. ],K, the same of the first telophase.
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distinguished from. others by its magnitude, abnormal structure and stain.
ing capacity.. ‘ v

As in the preceding species, Misumena, at metaphase I eleven auto-
some tetrads are mostly of typical V shape, only a few are of dumb-bell
or ‘short rod shape. In this case also, X-element takes its position on the
outer circle of the autosomes and in the polar aspect it assumes short
rod shape, but it reveals real structure of slightly curved rod by chang-
ing the focus. When viewed from lateral the X-elememnt is an elongated
rod, sometimes it shows a longitudinal split (Fig. 11 H). The split appears
in comparatively early stage of the metaphase and as is shown in Fig. 11
D, it is visible even at prometaphase. The X-element migrates to the one
pole in the first division as in many other forms studied. In the present
material it was found that the X-element lags behind autosomes at early
and late telophgse (Fig. 11 I.K). The behaviour is nearly equal to that
observed in Trochosa ruricola, Philodromus emarginatus and P. aureolus
by HAackmaN (1. c.). Furthermore as shown in Fig. 11 J, K, at late telo-
phase interzonal fibres are fairly observed between the two daughter cells,
the similar feature has already bzen reported in Agelena naevia by Wa-
LLACE (1919) and in Trochosa ruricola by Hackman (1. c.).

12. Xysticus ephippiatus SIMON
(Figure 12 A-L)

The present species is allied to the just above described form, from
the taxonomic point of view, and the two species show similar habitats.
Eleven male specimens, six of which are subadults and the rest five are
adults, were captured between March and May and their testes were
fixed in ALLEN-BOUIN's solution, NAVASHIN's solution, modified NAVASHIN'S
solution and FLEMMING's strong solution. In this species too, all phases
of spermatogenesis, namely, spermatogonial division and two meiotic divi-
sions were plainly observed.

General feature of the chromosomes of the present species bears simi-
larity with that of the preceding species, X. insulicola in accordance with
the taxonomic relation. Namely, here too, the chromosome number is
twenty three in diploid and twelve in haploid and a single XO-mechanism
existed. The shape and arrangement of the spermatogonial chromosomes
are nearly alike those of X, insulicola (Fig.12 A-C). The unpaired X-ele-
ment is distinguished from others on account of its magnitude, which is
the largest in the complement and in good preparatlons it is constncted in
thé-interstitial region. o .

At ‘metaphiage I the ‘chromosomes are condensad more thickly than
in the’ previous spec1es X. insulicola and assume mostly short rods of a
slight median. constrictlon, V-shaped ones are rarely found. (Fig.12 E-G).
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Figure 12, Xysiicus ephippiatus. (A-C 3200%, E-L 2400x), A-C, spermatogonial
metaphases, showing 23 chromosomes. D, prometaphase of the primary spermatocyte,
showing a single X. E,F, metaphzse 1, showing 11 bivalents and a single X. G, early
anaphase of the first division, H, profile view cf the first division, I, J, secondary
spermatocyte metaphases with 12 chromosomes. K, L, the same, with 11 chromoszomes.

When differentiated excessively clear gap is visible in the median region
of the autosome bivalents. At this stage the single X assumes a typical
rod (Fig. 12 H), however, it shows often a longitudinal split, and as a
result, bipartite or V formed structure is observed.

A large number of the good secondary spermatocyte division figures
were found. All the chromosomes are distributed distinctly apart with
nearly equal distance and the chromosome count was made easily (Fig.
12 I-L). One half of the secondary spermatocyte includes twelve chromo-
somes and another half contains eleven ones. The chromosomes are of
small rod or globular shape, with somewhat pointed inner end. The
X-element in this case is not clearly distinguishable. :

13. Coriarachne fulvipes (KARSCH)
(Figure 13 A-B)

This species is very small and the body is remarkably flat and the
dissection of testes is difficult.
The material employed in the present study consists of the testes

(23)




24 S. SUZUKI

from two subadult individuals collected in March and fixed in CaAro-
THER’S solution. In the testes many spermatogonial spindles were found,
but the meiotic division figures were found only in some limited cysts.

The spermatogonial dividing figure is shown in Fig.13 A. The chromo-
some elements are arranged on the equatorial plate distincly apart
each other and twenty three chromosomes are counted. The chromosomes
are short rods of only a slight size difference and which are of somewhat
pointed proximal end. The largest chromosome is distinguished in the
complement, which has no mate and regarded as X-element. Thus the
single X-element is fairly larger than the next largest pair, and is curv-
ed in one side. This character is considered to accord with that of Misu-
meua and Xysticus mentioned above.

I

ralhtody 7 4

- W Figure 13. A-B, Coriarachne
v 4 el i Sulvipes. C-F, Ozyptila decorata.

' l ‘ \‘ A A,spermatogonial metaphase,show-

ing 23 chromosomes (3000x). B,
side view of the primary spermato-
cylc metaphase, showing a single

X (2200x). C,D, polar views of

the primary spermatocyte meta-
X X 33 phase, showing 11 bivalents and a
> S 88  single x 3000x). E, side view

@ of the first division metaphase »
| (3000x ). F, secondary spermato-

. D cyte metaphase, showing 12 chromc—~
\ somes (3000 x )
9
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At first metaphase one rod shaped X is identified because of its peri-
pheral situation on the spindle (F ig.13 B). Owing to the Jack of favour-
able material the haploid chromosome number could not be determined.
Judging from the diploid number, however, twelve may be the real
haploid number. Of course, the X-element passes to one pole at first ana-
phase. Thus in the present species also an XO-mechanism is demonstrated
instead of the usual X, X, O-mechanism.

14. Onyptila decorata Karsch
(Figurel3 C-F)

The following observations were based on the male gonads of one

(24)

e el S

e




Cyiological Studics in Spiders.1I 25

subadult and two adult specimens secured in May and June. The testes
were preserved in modified NAVAsHIN’S solution. In the present material
the meiotic chromosomes alone were observed.

The chromosomes of the primary and the secondary spermatocytes
are considerably large. In respect to this point, this species is probably
the largest of all the studied species belonging to the subfamily 1 am
investigating, therefore the species is very favourable for cytological in-.
vestigation. The first metaphase shows eleven distinct autosome bivalents
and a single univalent X without exceptions (Fig.13 C, D). The autsome
bivalents are gross and mostly are dumb-bell shaped, some of which are

"'V shaped. The X-element takes its position on the eccentric region in the
spindle at first metaphase as in many others examined. In every plate it
appears as single body, which assumes a stout rod, however, it shows
often a longitudinal split and exhibiting a V shape. It seems to be the
largest one in the primary spermatocyte chromosomes. Here too, at first
anaphase the single X goes undividedly to one pole, so regarding the X,
two sorts of the secondary spermatocytes are produced. The secondary
spermatocyte chromosomes are of distinct globular or oval shape (Fig. 13
F). In one plate which contains 12 chromosomes, one extremely larger
monad was distinguished, probably it would be the representative of the
X-element.  Although the spermatogonial chromosomes could not be
observed, it is clear that the present species males possess eleven pairs of
autosomes and a single X-element.

15. Oxytate setosa KARSCH
(Figure 14 A-Q)

This species is a beautiful greenish thomisid spider, living on young
leaves. The material for the present study consist of the male and female
gonads from a large number of individuals (juvenile, subadult and adult)
captured between March and August. The material was preserved largely
in modified NAVASHIN's solution and partly in FLEMMING’s weak solution.
The two fixatives gave excellent results. .

?’I‘he testes from the juveniles and subadults which were secured be-
tween March and May contain a large number of meiotic division figures
but no spermatogonial metaphase. It seems that the spermatogonial divi-
sion in the present material may take place during the relatively short
period in the juvenile spider. On the contrary, many cogonial metaphase
spindles have been found in the ovaries from the subadult specimen
fixed in early April.

The present material is, in fact, a member of subfamily Misumeninae,
but in respect to the sex chromosomes, it shows entirely different result
from other forms of the same subfamily studied by HAckmAN (l. c.)
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and by ma, As fully described in the foregoing pages, all the studied
species males of the subfamily have been found to possess a single XO
mechanism instead of usual X,X,O-mechanism, but in the present species
males an usual X, X, O-mechamsm has been proved to occur agam

x‘\"k 1)

. Figure 14. Oxyiaie seiosa. All drawings at a magnification of 3000 x (reduced
from 40C0x ). A-C, oogonial metaphaces, showing 26 chromosomes. D-L, prometaphase
and metaphases of the primary spermatocyte, showing 11 bivalents and 2 X's. M,
side view of the primary spermatocyte metaphase, showing 2 X's. N, anaphase of the
first division, profile view. O. profile view of the sccond division, showing abnormal
ceparation of one €yad. P, secondary spermatocyte metaphase with 13 chromosomes.
Q, the szme with 11 ones.

(26)
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As mentioned above, in spite of the lack of spermatogonial division
figures, many oogonial metaphase spindles were observed, some of which
are shown in Fig.14 A-C. There are twenty six chromosomes in every.
plate. All the chromosomes are acrocentric type, but as regards the shape
and size of chromosomes szveral variations can be found in the differ-
ent oogonia. In Fig.14 A, all the elemants are relatively short rods of
slight size difference, and all the chromosomes shown in Fig.14 C are
highly condensed and each assumes globular rod with a slightly pointed
proximal end. This kind of variation of cogonial chromosomes has al-
ready been observed in Aranca Reaumuri (PATAU 1948) and Cyclosa octo-
tuberculata (Suzuki 1951). In spite of the careful examination partlcular
chromosomes suggesting the sex chromosomes were md1st1ngu1shable
Nevertheless, as will be stated below, an X, X, O-mechanism is demonstrated
in the meiotic division of males, so that double set of X, X,-elements ought
to be contained in the female diploid set, namely, 4 out of 26 oogonial
chromosomes are regarded as double set of X, X, -elements. ,

Contrary to the spermatogonia, the dividing figures of the primary
spermatocytes were observed distinctly. The chromosome and plate of the
first metaphase are large and very favourable for precise study. The auto-
some bivalents of the primary spermatocyte is eleven, which is alike
to that of the already studied species of the same subfamily. On the
other hand, the sex chromosomes appear as two compound X’s without
exception (Fig.14 D-L). They are fairly distinguished in the all stages of
meiotic division. At metaphase they always appear as two completely
separated elements. In respect to arrangement and behaviour of the 2 X's,
striking similarities are found between the present species and many oth-
ers which are of usual X, X,O-mechanism. The individual X-element is of
rod shape and nearly equal in length. They often show a longitudinal
split and assuming V shapes. As regards the arrangement, they show re-
markable variation. In some plates both elements situate on the periphet-
al;posmon of the spindle closely together (Fig.14 E, F), in others the X,
and X. lie distinctly apart on the spindle with a certain distance each
oth%r (Fig.14 I.K). The distance between the two X’s is variable in the
difféerent spindles. In the extreme cases as shown in Fig.14 L, one X
stands on one side of the spindle and another X lies on the opposite
side to the both poles and between these two X's present the autosome
bivalents. Thus it is fairly true that an X,X,O-mechanism exists in the
present species males.

The shape of the autosome bivalents is variable in the different meta-
phasz plates. Some are V or horse-shoe shape and others are of dumb-bell
shape or rod form. V or horse-shoe shaped bivalents look as if two rod
chromosome segments are connected at their tapering proximal end. As
is shown in Fig.14 D, at prometapase the bivalents are particularly gross
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and assume somewhat deformed appearance, at full mztaphase the chromo-
somes are thickly condensed and they bzcome to show clear configura-
tion.

Here also, at anaphase the two X’s go undividedly towards one pole
(Fig.14 M, N) and in the ensuing division they separate equally, so that
in the secondary spermatocytes two kinds of cells are formed (Fig. 14 P, Q).
One contains thirteen chromosomss (11 A+X,X,) and the other, eleven
ones (11 A). The chromosomes of the secondary spermatocyte are com-
paratively large, which are of globular or short rod shape with a pointed
end. At metaphasz II the X-elements are morphologically undistinguisha-
ble from others. At an early anaphase of the second division an abnor-
mal separation of chromosome was observed. As is shown in Fig.14 O, one
of the dyads separates precociously and each monad goes ahead independ-
ently towards opposite pole.

Based on the above observations it is very true that the present spe-
cies males have eleven pairs of autosomes and an X, X.O-system. It must
bz noted that the occurrence of such an abnormal condition may bz mean-
ingful in considering the evolution of sex chromosomes.

16. Diaea subadulta BOSENBERG et STRAND
(Figure 15 A-D)

The present genus too, belongs to the subfamily Misumeninae and
no members of this genus have so far been studied cytologlcally The
testes from one subadult individual sscured in May were fixed in modified
NAvAsHIN'S solution.

In the sections some spermatogonial metaphase spindles were obtain-
ed but which were not so favourable that the chromosome number could
not be counted accurately. In one plate the chromosomes were counted up
to twenty six. Here also, the chromosomes are of acrocentric and rod shape.

%3; | x%a

Figure 15. Diaca subadulia., All

A drawings at a magnification of 3000 x
(reduced from 4000x). A-C, primary
spermatocyte metaphases, showing 13
bivalents and a single X. D, side view
“ ‘of the first division, showing a cingle
(]
‘O X.
L)
Cc

valbg

i

BT

RO

AR Par PRty i

o=t

ey

PR D A

¥
E

LD A T e e S e e TSI vy | e s Sl RUT o

Jeatry




Cytological Studies-in Spider . I1 29.

In the primary spermatocyte the chromosomes are condensed- and
comparatively small in size. The bivalents are of dumb.bell shape or
short rods, and V formed ones are rarely found (Fig.15 A-C). Every meta-
phase plate contains thirteen autosome bivalents and a single X-univa-
lent invariably. It is thus worthwhile to notice that the autosome number
of the present species differs evidently from that of all the closely relat-
ed species of the same subfamily studied. Despite the different autosome
number, the X-element is alike to related species. Namely, in the first
division the X-element is always clearly recognized on the eccentric position
of the spindle (Fig.15 D). The X assumes usually a compact rod or some-
what globular form, in which often a longitudinal split is visible.

Snbfamily Philodrominae
17. Philodromus roseus KisHIDA
(Figure 16 A-N)

This species is common in gardens and fields in Japan, so that many
fresh specimens are obtainable without difficulties. The present study was
based on the observations of the testes from a number of juvenile, sub-
adult and adult individuals which were captured during the time between
March and May. The fixatives employed were NAVAsHIN's solution,
ALLEN-30UIN’s solution and modified FLEMMING’s solution. The testes from
juvenile spiders fixed in March and April contain many spermatogonial
division figures and thosz from the subadult individuals secured in the
middle of May are favourable for the observation of meiotic division.

The chromosomes of this genus have been studied by HAackmaN (1. ¢.)

in the four species, P. lazvipes, P. emarginatus, P. aureolus and P. histrio. . ..

These species males have known to have equal chromosome number 15
in haploid and two X-elements of different size. The result obtained in the
presant species is generally in accord with to the HACKMAN’s report.

In Philodromus no spermatogonial metaphases have been observed by
HACKMAN, in the present material, however, a large number of spermato-
gonial spindles have been obtained, which show the diploid chromosome
number 28 beyond doubt (Fig.16. A-D). All the chromosomes are acro-
centrics and are of subterminal or terminal spindle attachment. In-many
plates the chromosomes assume short, stout rods and mostly are curved
in one side, so that at a glance they look like scale form. Such-chromo-
somes show striking similarities with those of Chiracanthium-species
mentioned in the foregoing pages. In some sections, however, the -chromo-
somes are less stout and assume typical short rods. Regarding the size of
chromosomes; a gradual diminution is noticed in the chromosome set,
but a careful examination of the plate reveals that a single chromosome
situated on the outer circle of the spindle is almost always:distinguisha.
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ble because of its larger size. In many cases it curves sharply and form-
ing a striking contrast with others in the complement. It is regarded
as one of the two compound X’s which are possible to be identified in
the first meiotic division and that it might correspond to the larger one.
Another one, i. e, the smaller X is impossible to pick out in the sperma-
togonium because of the lack of distinct structure.

Figure 16. Philodron:us roscus. All drawings at a magnification of 3000 x
(reduced from 4000 x ). A-D, spermatogonial metaphases, showinz 28 chromosomes.
E-I, primary spermatocyte metaphases, showing 13 bivalents and 2 univalent X's. J,
2 X's from metaphase I, polar view. K,L, side views of metaphace I, showing 2 X's -

"."of different length. M, profile view of telophase of the first division. N, metaphase
II, showing 15 chromosomes. :

* As shown in Fig.16 E-I, there are thirteen autosome bivalents and
two univalent X'’s at first metaphase. The bivalents are V or dumb-bell
shaped, and situate on the equatorial plate distinctly apart with an equal
distance each other. The 2 X’s are always recognizable as two isolated
elements and as in many other spiders they stay on the peripheral region
of the plate. The distance between the two X’s is variable in the differ-
ent figures. ‘When viewed from lateral they assume rods (Fig.16 K, L),
sometimes an equational split is visible in them and in such cases they
show- typical V shapz (Fig.16 J). Individual X differs invariably in
length, namely, one X is always longer than another X. In lateral aspect
the ratio ‘of the length is 3:2, which is equal to the four Finnish Philo-

(30)
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dromus-species studied by HAckMAN (1. ¢.).

Here too, the X-elements are prereductional, so that two kinds of
the secondary spermatocytes are produced. One half possesses fifteen
chromosomes (13 A+X,X,) and the other half contains thirteen ones
(13A). The chromosomes of the second metaphase are small rods (Fig.
16 N)..It was often observed that at first telophase the 2 X’s lag behind
others (Fig.16 M).

18. Philodromus wigrostriatipes BOSENSERG et STRAND
(Figure 17 A-H)

Two subadult males were captured in April and May, and then'
testes were preserved in modified NAvAsHIN's solution.

The present species is closely related to the preceding species in the
systematic standpoint, and in respect to the general feature of chromo-
somes striking similarities were found between the two materials. The
chromosomes and nuclei of the former, however, are larger than those of
the latter.

Figure 17. Philodromus nigrosiriatipes. All drawings at a magnification of
3000x (redvced from 4000x ). A-D, primary spermatocyte metaphases, showing 13
bivalents and 2 X's. E, F, profile views of the first division metaphases. G, early
anaphase of the first divizion. H, early telophase of the first division. I, secondary
spermatocyte metaphase with 15 chromosomes. J, the same with 13 c'nromosomes

The spermatogonial chromosomes are rod shaped, the number has
(31)
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not been determined because of the lack of good dividing figures. On the
other hand, numerous meiotic division figures were obtained. As in the
previous species, the primary spermatocyte -contains thirteen autosome
bivalents and two univalent sex chromosomes (Fig.17 A-D). The X, and
X, are distinguished as separate elements on the eccentric region of the
spindle and here also, clear size difference is observed between them (Fig.
17 E-G). The ratio of the length is equal to the previous case. At first
telophase such figures were found that the 2 X’s lagging behind the auto-
somes (Fig.17 H). : »

Two sorts of the secondary spermatocytes were observed, one of which
reveals 15 chromosomes and the other, 13 ones (Fig.17 I, J). The seconda-
ry spermatocytic chromosomes are relatively slender. The X-element can
not be recognized morphologically in the second division. 1

19. Philodromus awreolus japonicola B6SENBERG et STRAND
v - ) (Figure 18 A-O)

The material employed in the present study is the testes from '‘three
subadult individuals collected in April and May. The fixative was modi-
fied NAvAsHIN's fluid.

The Finnish P. aureolus, the ground form of the present material
has already been studied cytologically by Hackman (1. c.). According
to HACKMAN the P. aureolus males show 15 haploid chromosome number
and X, X,O-~mechanism as in the allied forms of the same genus studied.
In the present subspecies males, however, single XO-mechanism has been
proved, though an equal autosome number is present.

In the spermatogonial division the odd chromosome number of 27 is
clearly counted (Fig.18 A). This suggests the occurrence of a single X-
element in the male. The chromosomes are relatively short rods, which
are of slight size difference. Most of them are curved in one side and
with tapering préximal end. The apperarance of this metaphase plate
resembles that of the above described P. roseus (compare Fig.18 A with
Fig.16 B). As is well known in Fig. 18 A, the presumed homologous
chromosomes arrange parallel on the metaphase plate and a single one
situated in six o’clock position is found to have no mate, which is some-
what but distinctly larger than any others and is considered to represent
an X-element. Except the size difference no particular morphological
characters were recognized. The existence of a single X-element is well
demonstrated again in the meiotic division.

. Fig. 18. B, C show the prometaphases of the first division, in which an
X-element is distinguishable from others because of its peripheral position,
characteristic rod form and more or less different staining capacity. In
the Finnish P. aureolus HackMAN found two closely situated X-elements
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of distinct size difference at prometaphase (HAackmAN's Figs. 220.221).
In the present case, however, no such figures were observed, though numer-
ous slides were examined. At full metaphase the single X takes its ec-
centric position on the spindle as in many others and is clearly identi-
fied. Namely, in the profile view of the first division it assumes always
a single rod, here also, a longitudinal split is often visible (Fig.18 G-D.

Figure 18, Philodromus aurcolus japonicola. Except A (3000x ) all drawings
at a magnification of 2200x (reduced from 2400x ). A, spermatogonial metaphase,
showing 27 chromosomes. B, C, primary spermatocyte prometaphzses, chowing a sin-
gle X-element. D-F, primary spermatocyte metaphases, showing 13 bivalents and a
single univalent X. G-I, profile views of the first division meta-anaphases, showing
asingle X and abnormal separation of autocome Livalents. J,K, late anaphases of the
first division, lateral aspects, showing the atnormality in the separation of one
autosome bivalent. L, M, lateral acpects of the first division telophases. N, seconda-
ry spermatocyte anaphase with 14 chromosomes. O, the same with 13 chromosomes.

At metaphase 1 thirteen autosome bivalents are present without ex-
ception. The bivalents are condensed and are of dumb-bell shape or V
shape (Fig.18 D-F). The general configuration of the bivalents is remark-
ably similar to that of the Finnish P. aureolus (Hackman’s Fig. 212).

At telophase of the first division it has been found that a single X-
element lags behind autosomes (Fig.18 K-M) as in P. roszus and P. nigro-
striati pes described above.

In the secondary spermatocyte the chromosomes were clearly counted,

(33)
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where some are of thirteen and others fifteen elements. The chromosomes
are short rods and at anaphase they ‘assume distinct globular or small
rod shape (Fig. 18 N, O). ' ‘ :
Based on the above observation, it is fairly true that the present ma-
terial males possess thirteen pairs of autosomes and a single X-element.
In the first division some abnormalities were found in the separation
of autosomes as is shown in Fig.18 H-K.

20. Tibellus tenellus (L. KocH)
(Figure 19 A-I)

The male gonad from a single subadult specimen collected in May
was fixed in modified NavAsnIN’s fluid. In the present genus, one Finn-
ish member, Tibellus oblongus has already been investigated cytologically
in the HACKMAN's paper (1948). By HACKMAN the species males have
eleven autosomes in haploid and X,X-;elements. Although the same X-
elements were demonstrated in the present species, the autosome number
was thirteen, which is different from the Finnish species. The spermato-
gonial chromosomes and all phases of the spermatogenesis were observed
in the same testis. :

The spermatogonial chromosomes were counted in a single metaphase
plate, in which the diploid chromosome number showed 28 (Fig.19 A).

Figure 19. Tibellus encllus. Except A (3000 ) all drawings at a magnification
of 2200 x (reduced from 2400x). A, spermatogonial metaphase, showing 28 chromo-
somes. B-D, primary spermatocyte metaphases, showing 13 bivalents and 2 univalent
X's. E, side view of the first division metaphase. F, G, late anaphase and early
telophase of the first division respectively. H, secondary spermatocyte metaphase.
showing 15 chromosomes. I, the same with 13 chromosomes. .

(34)
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The chromosomes are curved rod shape as in the related species of the
same subfamily. In this case, however, the chromosome length is slightly
but distinctly larger than that in others. In Fig.19 A, one situated in
seven o’clock position is distinguished due to the largest size and proximal
constriction. The similar feature has already been found in Philodromus
roseus etc. and such chromosome is regarded as an X-element of the two
multiple sex chromosomes.

In the first division a large number of beautiful metaphase spindles
were obtained. At this stage the chromosomes are large and distinct and
very favourable for observation. As is shown in Fig.19 B.D thirteen auto-
some bivalents and two X-elements are plainly counted. The bivalents are
mostly large typical V shape, in which a chiasma is considered to be lo-
cated in the proximal region. The general feature of the bivalents differs
strikingly from that of T. oblongus plctured by HackMAN (HACKMAN's
Fig. 216).

The two X-elements are found clearly on the outer circle of the spin-
dle, which are pointing their proximal end to one pole (Fig.19 E). Clear
size difference can be observed between the X, and X,. In the present
case the ratio iS approximately 4:3, which is equal to that of T oblongus
studied by HACkMAN (1. c¢.). Thus it is known that the relative length
of the smaller X to the larger one in this species is larger than that in
Philodromus roseus and P. nigrostriatipes. The variation of the relative
length of the 2 X’s seems to be worthwhile to notice in explaining the
evolution of the sex chromosomes in spiders.

At early and late telophase of the first division the X=elements usual-
ly lag behind autosomes (Fig.19 F, G). The secondary spermatocytic
metaphase resembles generally to that of Philodromus nigrostriatipes
mentioned above and here too, in- respect to the X-elements, two ‘sorts of
cells are observed (Fig.19 H, I).

IV. Family Oxyopidae

In .the present family the following four species belonging to two
different genera have already been studied cytologically: Oxyopes salticus
by PAINTER (1914), O. ramosus by HAckMAN (1. c.), O. hindustanicus,
and Peucetia viridana by Gowpa(1950), all these spiders except the last
one, are known to show similarities in the general feature of the chromo-
somes, i. e. they have equal chromosome number of eleven in haploid and
single XO type of sex determination.

In the present study two Japanese spscies, Oxyopes sertalus and Ni-
shina generosa were dealt with., The results obtained are similar to those
of so far reported Oxyopes-species. Furthermore, in Oxyopes the occurrrence

of single X-element has been demonstrated by the direct observation of
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the female chromosomes also.

21. Oxyopes sertatus L. Kocn
(Figure 20 A-O)

The present species is one of the most common spiders in Japan and
a large number of specimens captured during the time between March
and June, were employed for the study. The male and female gonads were
preserved in CAROTHER'’s solution, NAVASHIN’s solution and modified
NAVAsHIN’s solution.

The testes of the juvenile spiders fixed in early spring are very fa-
vourable for the observation of the spermatogonial division. The ocogonial
division figures too, have been obtained in the ovaries from the juvenile
females secured in the same season. On the other hand, the maturation
division has been observed based on the testes from the subadult indivi-
duals fixed in April and May.

In the present materal the nucleus and chromosomes are compara-
tively large and the chromosome number is small, so that it is favourable
for chromosome study. In the spermatogonia exist twenty one distinct
chromosomes as in O. ramosus and O. hindustanicus. All the chrome-
somes are acrocentric and usually stout rod shaped, some of which are
slightly curved in one side (Fig.20 A-C). When the section is stained
lightly the chromosomes show true outline, in which the chromosomes
are typical rods and with a tapering inner end, some are of distal globular
segment. In many plates a single element is distinguished from others
by the larger magnitude and particular shape. It has no mate in the com-
plement and is distinctly the largest of all, and sometimes it curves
sharply in the interstitial region. In some cases a clear constriction is
found in that locus. When constricted strongly as in Fig. 20 C, the chromo-
some shows a clear bipartite structure, nevertheless, it is never true
metacentric but acrocentric and regarded as a single X-element. It is very
interesting that in respect to the morphological character of the single
X, marked similarity is found between the present material and many
species belonging to the subfamily Misumeninae.

The X-element of Oxyopes ramosus reported by HACkMAN (1. c.) is
the largest one in the set and it is provided with a non-staining trans-
verse suture and in that region it is divided into two arms of diffcrent
length, and he regarded it as metacentric. The X-element pictured in his
plate (Hackman’s Figs. 91 and 269) is markedly similar with that pictured
in Fig. 20 A (labelled as X). The X-element of Indian Oxyopes hindusta-
nicus studied by Gowpa (1950) is also the largest one in the set and is
straight rod shaped.

In the oogonial metaphase twenty two chromosomes are clearly count-
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ed (Fig. 20 D). The configuration of the chromosomes is like that of the
spermatogonium. Here the chromosome number is even and no unpaired
chromosome is found. The largest one pair is clearly distinguished from
others in the set and is considered to ‘be the double X-elements. Thus the
single X-element existed in the male is found as a couple in the female.

\1/) oz "o H}
\l - X¢F\ ~ *® “?X xé, \ 2
%‘3\\! % .\\\Q 5(&\ ‘TJE‘?O -

Figure 20. Oxyopes seriatus. All drawings at a magnification of 2200 x (reduced
from 2400x ). A-C, spermatogonial metaphases, showing 21 chromosomes. D, oogonial
metaphase, showing 22 chromosomes. E, primary cpermatocyte prometaphase, showing
10 bivalents and a single X. F.I, first division metaphases, showing the migration
of a single X. J, K, side views of the first division metaphases, showing the migra-
tion of X. L, metaphase II with 10 chromosomes. M, the same with 11 ones. N, early
spermatid, showing heteropycnotic X. O. the same without X.

The metaphase plate of the primary spermatocyte shows ten auto-
somal bivalents and an univalent X (Fig. 20 E-H). The bivalents assume V
or dumb-bell shape, in which a chiasma is interstitial. When thickly con-
densed the bivalents show a dumb-bell form with a median non-staining
suture (Fig. 20 I). The X-element when viewed from one pole lies on the
peripheral region of the metaphase plate. As is shown in the profile of
metaphase I (Fig. 20 J, K), it stands usually on the intermediate position
between the equatorial plane and one of the poles, parallel to-the spindle
axis. At that stage it assumes rod shape, but often shows an equational
split. S

PAINTER (1914) reported the occurrence of an usual X, X,O-system
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in-Oxyopes salticus. The two X’s shown in his plate (PAINTER’s Figs.
116-117) are very much alike the single X which shows a longitudinal
split as shown in the present material (Fig. 20 H), moreover, as HAcCkMAN
(1. ¢.) has already pointed out, PAINTER described ‘nothing on the separa-
tion of each X in the course of division, therefore, 0. salticus alsd> might
have a single X-element.

Here also, two sorts of the secondary spermatocytes are produced, one
of which contains ten autosomes plus X-element and another, ten auto-
somes: alone (Fig. 20 L,M). In the metaphase plate containing 11 chromo-
somes, one is markedly distinguished due to its magnitude, and which is
considered to be X-element (Fig.20 M). The X-element is distinguishable
in young spermatids-also, some are of heteropycnotic X-element and others
without such element (Fig. 20 N, O).

22. Nishina gensrosa KisHIDA
(Figure 21 A-C)

The present genus was created by KisHIDA tased on the present
material, 1 regret to say, however, that a regular description of the species
and genus has never been made public. A single subadult male gathered
in April was employed for the present material. The testes was fixed in
modified NAvasHIN’s solution. :

Figure 21. Nishina generosa. All drawings at a magnification of
- :3000 % (reduced from 4000x ). A, spermatogonial metaphase, showing .
o 21 chromosomes. B, primury spermatocyte metaphase, showing 10 bi~
IR valg_nts and a single X. C, profile view of the first division meta-
phase, showing X. D, metaphase II, with 11 elements. E, the same,
with 10 elements.

(38)
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This species is closely allied to the preceding species in the taxonom.
ic point of view, consequently as regards the chromosomes marked resem-
blance is found between the two species. Namely, in the present speCies
male too, the chromosome number is twenty one in diploid and eleven in
haploid and XO type of sex determination is found.

The spermatogonial chromosomes are stout rods, with a little size
difference (Fig. 21 A). Although the section was stained in more or less
deep colour, the X-element has been clearly distinguished in the sperma-
togonial metaphase. ‘As shown in Fig. 21 A, the X assumes a straight rod
and it is one of the largest in the complement and provided with a dis-
tinct transverse constriction in the submedian region. The condition is sim-
ilar to Oxyopes hindustanicus studied by Gowpa (1950).

The number, morphology and behaviour of chromosomes in the mei-
otic divisions are likely to Oxyopes sertatus.

DISCUSSION

I. Chromosome number.and chromosome morphology of
the studied families

In the foregoing pages the chromosomes of twenty two  Japanese
species of spiders belonging to the four families, Clubionidae, Sparassidae,
Thomisidae and Oxyopidae have been dealt with. When already published
data are added to the present material, the cytologically studied spiders
belonging to these. families amount to forty two species. The details of
the species are as follows: Clubionidae 11 species, Sparassidae 4 species;
Thomisidae 21 species and Oxyopidae 6 species. The numerical relationship
among the chromosomes of these 42 species are given in the Table II

_Of these the chromosome number of Sparassidae is markedly larger
(n=22—23) than that of the remaining three families, in which the
number is relatively small (n=11-15) and varies within narrow range.
So far as the chromosome number is concerned, therefore, considerable
difference exists between Sparassidae and the remaining families. The gen-
eral description of the karyetype in individual families are given below.

1. Family Clubionidae

The chromosomes of this family have been studied in 8 species of
subfamily Clubioninae, 2 species of subfamily Micariinae and 1 species
of 'subfamily Corinninae. The chromosome numbers of the studied species
of Micariinae and Corinninae are the same, 12 in haploid. In Clubioninae
the haploid number is 12 in 4 cases, 13 in 1 case and 14 in 3 cases, of
these 14 is found in Chiracanthium alone, and 12 and 13 are, in
Clubiona.

(389)
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“Table II. Chromosome number in Clui)ionidae, Sﬁaraésidaé,
Thomisidae and Oxyopidae :

o o ' ' Haploid ’
Species Sex |Dipl. Reference .

. Icyte | I cyte
"Fam. Clubionidae
‘r Subfam. Clubioninae .
e Chiracanthium japonicum | & 26 124X, Xg 12 14 SUZUKI
g R kompiricola ] 26 | 12+X;Xa 12 14 | > -
2 unieum 3 26 12-+X; Xa 12 14 > v
Clubiona holosericea 8 — | 10+X;Xa _— - HACKMAN 1948
i » subsulians . ] — | 10+X;Xa — 12 2
* > phragmitidis 3 — | 10+X;Xa 10 12 »
» Japonicola 5 | 22 | 10+X.Xa 10 12 | svzukt
> lena 3 24 | 11+X1Xa — - >
Subfam. Micariinae -
i Micaria decorata 8 — | 10+X Xqa 10 12 HACKMAN 1248
2  unifascigera 8 — | 10+X X2 - SUZUKI
i Subfam. Corinninae
Trachelas japonicus 3 — | 10+X1Xg — 12 »

Fam. Sparassidae
& Subfam. Micrommatinae i
e Micrommala viridissima & |35 | 16+X XaXg? | — — HACKMAN 1948

Subfam. Heteropcdinae SUZUKI & CKA-

Heleropoda nenatoria ] 41 19+X;XaX3 19 22 DA 1950
> > |1 9 44 — to— >
s - forcipaita 3 41 19+X;X2Xa 19 22 SUZUKI
Subfam. Sparianthidinae
T hellicopis severa 3 43 — —_ = 4
O Fam. Thomisidae
b ‘Subfam. Misumeninae
Misumena ratia 3 — | 11+X 1n — HACKMAN 1948
s dricuspidala 3 23 | 11+X 1 12 SUZUKI
Xysticus triguitatus 3 — | 11+XXq ? 11 13? | PAINTER 1914
> niaticus 3 23 | 11+X — - HACKMAN 1948
P ulmi 3 —_ 11+X 11 — 2
> P ? —_ 12 — 2
»  insulicola ] 23 | N+X 1 12 SUZUKI
X ysticus ephippiatus 3 23 11+X 1 12 2
Coriarachne fulvipes 3 23 —_ —_— - 2
Oxyplila decorala 3 —_ 11+X 11 12 4
Oxylate selosa 3 —_ 114X, X 11 13 #
e s ? 26 —_ —_ 2
Diaea subadulia 3 —_ 13+X —_—— 2
Subfam. Philodrominae : .
- Philodromus laevipes 3 —_ 13+X Xa B — HACKMAN 1248
» emarginatus | & — | 13+X1Xa 13 15 4
2 aurcolus 3 — 13+X;Xa 13 15 ?
2 aureolus japonicola 3 27 | 13+X 13 14 SUZUKI1
>  histrio ] — | 13+X1 X2 —_ - HACKMAN 1948
2 roseus 3 28 13+X1Xs 13 15 SUzUKI
2 nigrosirialipes 8 — | 13+X;Xg 13 15 2
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Thanalus formicinus 3 —_ 13+X X2 13 ‘15 HACKMAN 1948
Tibellus oblongus 3 —_ 11+X1Xa 1 13 s
> lenellus 3 28 134+ X1Xg 13 15 SUZUKI
Fam. Oxyopidae .
Oxyopes sallicus 5 — 10--X; Xy —_—— PAINTER 1914
s raniosus 3 21 10+X 10 11 HACKMAN 1948
2 hindustanicus .y 21 10+X 10 11 Cowpa 1950
> serialus F 21 10+X 10 1 S€UZUKI
2 " Q 22 —_ —_— 2
Nishina generosa F 21 10+X 10 1n 2
Peucetia viridana 3 28 13+X;X, 13 15 Cowpa 1950

Although chromosome number varies, the sex chromosome mechanism
of X,X,0 type is uniform within the family, therefore, the difference of
chromosome number is caused by the variation of autosome number. The
chromosomes of the family are equally acrocentric type and are of termi-
nal or subterminal spindle attachment. And in respect. to the morpholo-
gical characters and behaviour of chromosomes, essentially different char-
acters are impossible to find out in the studied species, though the size
and form of chromosome vary. Accordingly, it seems rather difficult to
tell how such different autosome number has been derived, in other
words, now it is not determined which is the most primitive among 10, 11
and 12 autosome numbers.

2. Family Sparassidae

. In the present family four representatives belonging to three sub-
families have been studied cytologically. Every one of the studied species
shows a comparatively large chromosome number (n=:19?-23) and that
an unusual multiple sex chromosome mechanism of X, X,X,0 type exists
without exception (though it has not been proved in Thelticopis severa
by the direct observation). Although it is not published, McINTOSH'S
data support the above fact. According to his personal communication,
he has also observed forty three chromosome number in diploid and twen-
ty three one in haploid and 3 X’s mechanism in the two forms males of
Delena and Olios genera belonging to the Sparassidae. Thus such a
large chromosome number is commonly found in the studied species of
the family, accordingly, it is highly probable that the same condition
would be proved in the most species of the family, if further studies
will be made.

When compared the chromosome number of Sparassidae with that of
the closely related families, it will be found that such a large chromeo-
some number as 21 or 23 is known only in the Sparassidae.

The three families of Thomisidae, Aphanthochilidae_ and Sparassidae
were grouped in the same Grade Laterigradae by SAVORY(1928). PETRUNKE-
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viTcH (1933) also considered -that the Sparassidae is closely related to
the’ Thomisidae and Aphanthochilidae, and these thrée groups represent a
fairly homogeneous line. Of these Aphanthochilidae has nof yet been
studied cytologically, in the Thomisidae the studied species amount to
twenty one and all of them showing 12 to 15 haploid chromosome number
whichis usually happen in numerous modern spiders. In the BRISTOWE’S
classification (BrisTOWE 1938) the nine families of Prodidomidae, Homalo-
nychidae, Drassidae, Clubionidae, Anyphaenidae, Sparassidae, Platoridae,
Thomisidae and Salticidae were arranged in the same section of the
Clubionoidea. Except Prodidomidae, Homalonychidae and - Platoridae in
which no members have been investigated, the remaining six families are
known to have the haploid chromosome number 11-15 in all the species
studied. Although the grouping of spiders’ families is somewhat variable
in the different. arachnologists, it may be concluded that regarding the
chromosome number, marked difference. can be found between the Sparassi-
dae and its related families, contrary to the taxonomic relation. Further-
more, it must be worthwhile that the Sparassidae differs from the related
families in the size of chromosome and nucleus, namely, that of the for-
mer is remarkably larger than that of the latter.

Therefore now in respect to the chromosomes, we meet with a great
difficulty. in interpreting the relationship between the Sparassidae and its
related families. If we accept the present position of the Sparassidae in
the spiders’ classification of many arachnologists, we should be compelled
to presume some sudden changes in chromosomes between them. Whether
the Sparassidae-type of chromosomes is more primitive or not? This is very
interesting problem, but very difficult to answer. Here we remember
the chromosomal relationship between the Aranmeus veniricosus and its
allied forms reported in the previous paper (Suzuki 1951). In A. ventri-
cosus present twenty two pairs of autosomes instead of eleven pairs of
the allied forms, and the author considered that the A. vemtricosus-type
of chromosomes might be old and possibly from that the - modern
Araneus-type might have been arisen. The similar interpretation may be
applicablé to the present case also, namely, the Sparassidae-type of chromo-
somes may be in more primitive condition, from which that of the allied
families tnight have been originated.

3. Family Thomisidae '

This family consists of two morphologically distinct subfamilies
Misumeninae (=Xysticinae) and Philodrominae, though some authors
regard the two subfamilies as two separate families. At any rate, it is
true that both groups are closely related each other in the systematic view-
point. = The cytologically studied species of this family amount to twenty
one, in which different autosome numbers 11 and 13 (n) are found, of

(42)




AR A A T R

SR

b azires

ST RIS

Cytological Studies in Spiders.II 43

which 11 is characteristic for ten out of eleven species of the Misumeni-
nae and one species of Philodrominae. On the other hand, 13 is known
in nine out of ten studied species of Philodrominae and a single species of
Misumeninae. Thus the haploid autosome number 11 and-13 are charac-
teristic for the Misumeninae and Philodrominae respectively, with only a
few exceptions. In addition to the autosome number, the sex chromosome
mechanism is very characteristic for both subfamilies. Although PAINTER
(1914) reported the presence of an usual X, X,O-mechanism in Xpysticus
triguttatus, judging from his Figures (PAINTER’s Figs. 95-96), the
species is very probably has XO-mechanism. Therefore, except a single
species Oxytate setosa of the present study, all the ten species out of
eleven studied species of the Misumeninae possess a single X-element.
On the other hand, in Philodrominae 2 X’s mechanism is dominant and
found in nine species out of ten studied species with the exception of
Philodromus aureolus japonicola. In terms of the autosome number and
sex chromosome mechanism, the two subfamilies show somewhat marked
contrast. But the feature is broken in Oxytate setosa, Diaea subadulta,
Tibellus oblongus and Philodromus aureolus japonicola.

- Oxytate setosa, a member of subfamily Misumeninae shows eleven
pairs- of autosomes and X, X,O-mechanism. As stated just above its auto-
some number is characteristic for the Misumeninae, but the sex chromo-

some mechanism is unusual in the subfamily, thus in this respect it

seems to be closer to Philcdrominae. The X, and X, elements of Oxytate,
however, are of nearly equal length, so that both elements are clearly
distinguishable from that of the Philodrominae. Thus Oxytate setosa shows
a Misumeninae-type in autosomal feature, and in respect to the sex chromo-
somes, ‘it beafs 'some resemblance to Philodrominae. So far as the chromo-
some is concerned, the species is interesting material in the Thomisidae.
Diaeca subadulta shows an aberrant chromosome number in the Misu-
meninae. It possesses 13 autosomes in haploid and a single X-element.
Thus the sex chromosomes shows Misumeninae-type and the autosome
number Philodrominae-type. In the cytological point of view Diaea sub-
adulta may be regarded as intermediate between Misumeninae and Philo-
drominae. .
In the subfamily Philodrominae two abnormalities are found in Philo-
dromus aureolus japonicola and Tibellus oblongus. The former shows 13
autosomes (n)and a single X-element. Thus in autosomes it accords with
and differs in sex chromosomes mechanism from tsual Philodromus-species

and resembles rather Misumeninae. Here also, in respect to the chromo-

somes, it is likely to show an intermediate position between the both
subfamilies. It woud be worthwhile to notice that regarding the sex

chromosomes, marked difference is found between the Japanese Philodro- -

mus aureolus japonicola and the Finnish. ground form, P. aureolus, though
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both forms show remarkably similar morphological characters as is-describ-
ed by BOsENBERG and STRAND (1906). As it will be discussed in the
following pages, the XO type of japonicola may have been derived from
the X; X, O-condition of aureolus-type by the elimination of either one
element.

Tibellus oblongus studied by HackmaN (1. c.) shows an X, X, O-mech-
anism of Philodromus-type, but possesses haploid autosome number 11
of Misumeninae-type. Thus in respect to the chromosomes, it may stands
intermediate between the both subfamilies.

4. Family Oxyopidae

The chromosomes of this family have been studied in six species
which consist of four species of Oxyopss (PAINTER 1914, HACKMAN 1948,
Suzukr 1950a, 1952, Gowda 1950), one species in Nishina (Suzuki 1952)
and one species in Peucelia (Gowpa 1950). Excppt Peucstia, all the
studied species have equal chromosome number of 11 in haploid and an
XO-mechanisin, though PAINTER reported X,X,O-mechanism in Oxyopes
salticus. As mentioned above, however, it is highly probable that PAIN-
TER erroneously observed the X-element and the _species is of true XO
type. The single X-element has been demonstrated by the direct observa-
tion of the female chromosomes of the Oxyopes sertatus too, in the pres-
ent study. The single XO-mechanism in the male is thus found in the
majority of the family and in this respect, the Oxyopidae bears marked
similarities with the subfamily Misumeninae of the family Thomisidae.

The characteristic feature of this sex chromosome has been broken
by the discovery of the usual X,X,O-mechanism in the Indian spider,
Peucsetia viridana (Gowpa 1950). Peucetia has 13 autosomes in haploid
and 2X’s, which are of different size. So the general feature of chromo-
somes in Peucztia seems to be very similar with that of many Philodromus-
species belonging to the family Thomisidae. The coexisting of XO and
X,X.0 type within the same family recalls us the similar condition of
the family Thomisidas. Such a parallelism seems to throw some lights
upon the solution of the problem of the evolution of chromosome number
and sex chromosomes.

I1. Feature of sex chromosomes

The sex chromosomes of spiders were studied by many authors such
as Carnoy (1885), WAGNER (1896a, b), WALLACE (1900, 1905, 1909),
BOSENSERG (1904), MONTGOMERY (1905), BERRY (1906), PAINTER (1914),
SoxoLskA (1925), HArD (1939), REVELL (1947), PATAU (1948), HackmaN
(1948), Suzuxa (1949, 1950a, b, 1951a, b, 1952), Suzuki and 0KADA(1950)
and Gowpa (1950) etc. According to the studies of these workers the
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two arms of unequal length. And he said that it is not completely clear
whether such X-element is metacentric or accidentally, temporarily fused
chromosome, but he insisted on the former opinion in his paper, and
described as follows: “Sehr wahrscheinlich ist das X als metazentrisch
zu betrachten” (HACKMAN 1948, p. 26) and “Das sehr wahrscheinlich
metazentrische X bei Oxyopes ramosus kénnte durch zentrisch Fusiori
zweier freien X-chromosomen entstanden sein” (HACKMAN 1948, p. 70).

The X-element of Oxyopes ramosus seems to be completely similar
to that of O. sertatus, Nishina generosa and some of Misumeninae stud-
ied by me. I think that he might have regarded erroneously a constricted
X-chromosome as metacentric one. He has recently confessed in his
personal communication that he was probably mistaken in interpreting
the X-chromosome of Oxyopes ramosus as metacentric. -

In respect to the morphology and behaviour of a single X in the
meiotic divisions, marked similarities have been found in all the studied
species. Namely, in the first metaphase it usually takes an eccentric
position on the spindle, at anaphase it passes one pole undividedly and
in the second division separates ejuationally. At first metaphase it assumes
rod shape, in which a longitudinal split is often visible, but the constric.
tion appeared in the spermatogonium can not be found probably due to
the thick condensation. In the second division the X-element is indisting-
uishable, in some cases, for example in Misumzna tricuspidata, Oxyptila
decorata and Oxyopes sertatus, however, it has been identified by its
larger size.

2. X, X,0 type

The X,X,0 type of sex determination is found  in twenty two
species out of forty two species studied, namely, in eleven species of
Clubionidae, one species of Misumeninae (Oxytate sztosa), nine species of
Philodrominae and one species of Oxvopidae (Peucetia viridana). Thus
the present type is characteristic for the majority- of Clubionidae and
Philodrominae, on the other hand, its occurrence is rather exceptional in
Misumeninae and Oxyopidae. '

In respect to the size of X, and X, elements, szveral conditions
have been observed. The individual X is almost equal in length in all
the studied species of Clubionidae, Oxytate setosa and Thanatus formicinus
of Thomisidae, but in Philodrominae except Thanatus, and in Peucetia of
Oxyopidae clear size difference is recognized between the both X’s. And
careful examination reveals that the degree of its difference varies in the
different species. In this point the family Thomisidae, especially the
subfamily Philodrominae, is worthwhile.

“In Thanatus formicinus (HACKMAN 1. c.) and Oxytate setosa studied
by me each X has approximately equal length, but in the two species
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sex determining mechanism of an X,X,0 type is characteristic for a
large majority of spiders. And X,X,X;0 and XO type have been found
only recently in some particular families. Further occurrence of these sex
chromosome mechanisms, particularly that of XO and X 1 X2 X0 type
has been demonstrated in the present study. The presence of single X-
element has been known only in three families, Thomisidae (HAcKMAN
1948, Suzuki 1950a, 1952), Oxyopidae (HACKMAN 1948, Suzuxkl 1950a,
1952, Gowpa 1950) and Salticidae (HACKMAN 1948). The occurrence of
3 X’s mechanism is restricted in a few cases and now is found in some
species of Agelenidae (SokoLskA 1925, REVELL 1947, HACKMAN 1948,
Suzuk! unpublished) and Sparassidae (Suzuxi and OxADA 1950, Suzuxi
1952).

In the following the sex chromosomes in the studied material in the
présép; paper and its allied forms will be discussed.

1. XO type

The single X-element is found in 16 species out of 42 studied species,
namely, in 2 species of Misumena, 5 species of Xysticus, 1 species of
Coriarachnz, 1 species of Oxyptila, 1 species of Diaea (Mlsumenmae),
1 species of Philodromus, 4 species of Oxyopes and 1 species of Nishina.
The occurrence of this type in Misumeninae has been first reported by
HackMAN (I. ¢.). In the present study the single X-element has been
clearly distinguished in the spermatogonial division of Misumena tricuspi-
data, Xysticus insulicola, X. ephippiatus and Coriarachne fulvipes. The
X-element of these species is generally alike in the morphological charac-
ters, namely, it is one of the largest in the complement and assumes
usually red shape, but sometimes it shows an interstitial constriction. In
some cases, particularly in Xysticus insulicola, it stains faintly, when
compared with autosomes. Thus it is almost always distinguishable from
others in the mitotic spindles. The similar morphologzcal character has
been proved to be found in the X-element of Oxyomdae too. Gowpa(1950)
found three particularly large chromosomes in the spermatogonial meta-
phase of Oxyopes hmdustamcus and he considered one of them may be the
sex chromosome, furthermore, he recognized. a single chromosome showing
a distinct non-staining gap in the interstitial region. Such a chromosome
seems to correspond with a single X-element demonstrated in Oxyopes
sertatus and Nishina genorosa in the present study. And that the existence
of the single X has been proved more definitely by the direct observation
of the female mitosis.

As for the single X-element in Oxyopes HacrmaNn (1. c¢.) published
a noticeable result. He distinguished -a particular chromosome in the
spermatogonium of Oxyopes ramosus, which is provided with a transverse
gap in the interstitial region, by which the chromosome is divided into
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of Tibellus (HACKMAN 1948, Suzuki 1952) a. slight but distinct size differ.
encd can be found between X, and X,. The ratio of X, to X, is approx-
imately 3:4. The size difference increases gradually and in the six species
ot Philodromus the ratio shows 2:3. Thus in Philodrominae the length of
one of the two X’s seems to diminish by and by. The phenomenon
would be of great importance in the evolution of the sex chromosomes
of spiders..

The identification of X,X,-elements is made usually in the meiotic
divisions, but in many cases they have been distinguished in the spermato-
gonial metaphase also.. The two X-elements observed in Chiracan(hium
and Clubiona (Clubionidae) are the largest pair in the complements.
And they show an interstitial constriction, so that sometimes they exhibit
a significant bipartite structure. This feature resembles very much that
of the single X in Misumeninae and Oxyopidae. In Philodromus roseus
and Tibellus tenzllus one larger X shows characteristic morphological
feature as stated above, but it is impossible to find out another smaller
one owing to the lack of distinct character. The larger X found in these
species seems to be homogeneous with each of the 2 X’s present in the
Clubijonidae. - ; '

The morphological character and behaviour of the 2 X's in the
meiotic divisions are allied generally to those of the single X.

3. X, X.X,0 type

The sex chromosome mechanism of this type occurs very rarely in
spiders. Except Sparassidae the type has been known only. in the three
species of Agelenidae, Tegenaria derhamii (SOKOLEKA 1525, REVELL 1947,
HAckMAN 1948), T. domestica (REVELL 1947) and Cryphozca silvicola
(Suzuki unpublished). The occurrence of this type in Sparassidae was
suggested first by HackmaN (1. ¢.) in  Micrommata viridissima and it
was fairly demonstrated by Suzuki and Oxapa (1950) in Heteropoda
venatoria. And the same condition has been found in the related species,
H. forcipata in the present study. And that Thelticopis severa very
probably contains the same mechanism. Moreover, as already mentioned
in the preceding pages, further occurrence of this mechanism has been
proved by McINTOsH in the two forms of Delena and Olios belonging
to Sparassidae (McINTOsH's unpublished data). Thus the multiple sex
chromosome mechanism of X,X.X,0 type seems to-be characteristic for
the majority of Sparassidae. But here we have to notice GOWDA’s unpub-
lished datum that the Indian undetermined spécies of Heteropoda
contains a single X-element. s

IIL. Evolution of sex chromosomes invspiders

As mentioned above three sorts of sex chromoéome mechanism, . XO,

(47)
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X,X:0 and X,X;X,0 type are known in spiders. What relation can
bs found among them? How these three types have been produced? These
problems are very intriguing for cytologists.- However, it may - be
impossible to solve the questions completely, unless full data be obtained,
and to accomplish this work many difficulties must be overcome. There-
fore, the general discussion on the evolution of the sex chromosomes in
spiders will be followed in the later paper, here the relationship between
the XO and X,X,0 type in modern spiders will be mentioned.

In modern spiders (suborder Arachnomorphae) about twenty three
families (inclusive the author’s unpublished data) have been studied
cytologically and the sex determining mechanism of X;X350 type is
characteristic for large majority of those families, on the other hand, the
occurrence of a single XO type is limited in some particular - families
such as Thomisidae, Oxyopidae and Salticidae. In Salticidae only a
single case is coexisted with many species of usual X,X;O type. In
Thomisidae and Oxyopidae alone, XO type is dominant. In this condition
it is highly probable that 2 X’s condition is more primitive and from this
condition the XO-mechanism has been produced. -

How has a single X-element originated from 2 X’s condition? HACKMAN
(1. c.) considered that the single X-chromosome of Oxyopes is metacentric
and it has been produced secondarily by the centric fusion of the 2 X-
elements. As stated above, however, the X-element of Oxyopes is not
metacentric but acrocentric, so that HACKMAN’s view is not correct.
Quite recently Gowpa (1950) prposed a new hypothesis that the single
X-element in modern spiders has evolved by mutual translocation between
the 2 X’s, namely, a proximal and a distal break in the 2 X’s respect-
ively gave rise to a large acrocentric X and a small centric fragment
which was lost in the process. This hypothesis seems to be very ingen-
ious, but it lacks many data which demonstrate the phenomena. It seems
that he has not noticed the chromosomal conditions of the family Thomi-
sidae.

The thomisid spiders are complicated in the feature of sex chromo-
somes and as already mentioned, two kinds of mechanisms, XO and
X,X,0 type are known within the same family. And that as regards the
2 X’s, different conditions are observed. In Oxytate setosa and Thanatus
Jormicinus one X is nearly equal to another one, in Tibellus tenellus
and T. oblongus a slight but clear -distinction is recognizable bstween
the both X’s, and the difference becomes more clearly in the six Philo-
dromus-species studied. Thus it is very probable that one of the 2° X's
might have diminished its length gradually in the course of pylogeny.
And it seems that individual X-element of the 2 X’s was originally of
equal length as in O_xytate and Thanatus, and after that one X began
to diminish as in Tibellus, the diminution of the length in one X in.
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creased gradually as is found in many of the Philodromus-species, and finally
it was eliminated entirely and thus the present XO condition in Misumena,
Xysticus, Coriarachne, Oxyptila, Diaea and Philodomus aureolus Japoni-
cla in the same family has been produced, and the evolution from
the X, X,0 to the XO condition is repeated within the same family.
- A similar condition is known in the family Oxyopidae, in which
Ozxyopes and Nishina possess a single X-element, on the other hand,
Peycetia shows 2 X's, in which two elements are of different length.
The diminution of the length of one of the 2 X’s is observed in
other species of the different families. Hackman (1. ¢.) in Lycosa
Sfluviatilis and Trochosa ruricola belonging to Lycosidae and Suzuki
(1951) in Araneus opima belonging to Argiopidae reported that 2 X’s
reveal clear size difference. ~Furthermore, the same is observed in the
lycosid spiders, Lycosa T-insignita and L. cinereofusca (Suzukl’s unpub-
lished data). In many of these cases there is a little difference, but in
L. cinsreofusca the distinction is fairly large. Therefore, the size difference
of the 2 X’s seems to be significant in the evolution of the sex chromo-
somies of spiders.

SUMMARY

1. The chromosomes of the following twenty two Japanese specxes of
spiders belonging to the four families were studied.
Fam. Clubionidae:-:-- Chiracanthium japonicum, Ch. kompiricola, Ch.
unieum, Clubiona japonicola, Cl. lena, Micaria wnifascigera, Trachelas
japonicus.
Fam. Sparassidae:----- Heteropoda forcipata, Thelticopis severa.
Fam. Thomisidae------Misumena tricuspidata, Xysticus insulicola, X. ephi-
phiatus, Cormrachne Julvipes, Oxyptila decorata, Oxytate setosa, Diaea
subadulta, Philodromus-roseus, P. nigrostriatipes, P. aureolus Japonicola,
Tibellus tencllus.
Fam. Oxyopidae--+--Oxyopes sertatus, Nishina gencrosa.

2.'The chromosome number of the species studied was given in the
Table II. The haploid chromosome number varies within the range from
11 to 23. In the Sparassidae the chromosome number is large and 2n=41,
43 have been found in the two species. Clubionidae, Thomisidae and
Oxyopidae show relatively small chromosome number of 11-15 in haploid.

3. All the chromosomes inclusive of sex chromosomes in the species
studied are acrocentrics.

4. In the 22 species examined the male is heterogametic.

" 5. All the seven species males belonging to the Clubionidae and the

four species males of the Thomisidae, i. e. Oxytate setosa (Misumeninae),
Philodromus roseus, P. nigrostriatipes and Tibellus tenellus (Philodromi-
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hae) have two X's and the sex determining mechanism is X,X,0 type. -

6. In the seven species of Thomisidae, Misumena tricuspidaia, Xystj-
cus insulicola, X. ephippiatus, Coriarachne fulvipes, . Oxyptila decorata,
Diaea subadulta (Misumeninae), Philodromus aureolus japonicola(Philodro-
minae) and two species of Oxyopidae, Oxyopes sertatus and Nishing gene-
rosa males, a single X-element has been found and the sex determmmg
mechanism is XO type.

7. In Oxytate setosa and Oxyopes sertatus the oogonial chromosomes
have been exactly counted and the presence of four and two X’s respect-
ively in the female has been confirmed.

8. Heteropoda forcipaia and possibly Thelticopis severa Dossess three
X-elements and the type of sex determination is X, X, X;0.

9. The X, and X, elements in all the studied species of Clubionidae
and one thomisid spider, Oxytate sefosa are of nearly equal length and
in all the cases the X-elements seem to be one pair of the largest in the
chromosome set. In Chiracanthium japonicum and Ch. unieum the two
X's are distinguished clearly in the spermatogonial metaphase owing to
the larger size and a distinct constriction in the interstitial region. The
constricted structure of the two X’s can not be seen in the meiotic
division probably due to the thick condensation. In the first division
the 2 X’s are distinguished only by the special behaviour.

. 10. In the three thomisid spiders, Philodromus roseus, P. mgrostrza-
|73 pes and Tibellus temellus, remarkable size difference can . be found be-
tween X, and X,. The ratio of the length is 3:4 in Tibellus and 2:3
in Philodromus. Thus in Thomlsldae one of the 2 X’s tends to d1m1msh :
gradually, in length.

11. The single X-element of XO-mechanism has been. identified in
the spermatogonial spindles of Misumena, two species of Xysticus, Cori-
arachne, Philodromus aureolus japonicola, Oxyopes and Nishina. In all the
cases it is one of the largest in the complement, and in favourable cases
a constricted structure in the interstitial locus as in the X, X, -elements
was revealed. Here too, the single X is easily (distinguishable by its
bzhaviour in the first .division. In the second division of Mzsumena and
Ozxyopes it is recognizable by the largest magnitude,

12. In the three X-elements of Heteropoda forcipata, X, and X, are
approximately of the same length, but X, is remarkably larger than X,
and X,. The X;-element is always distinguishable in the spermatogenesis,
¥ namely, in spermatogonium and two meiotic divisions owing to the larg-
est size. The X, and X, are identified only in the first division by their
behaviour. In Thelticopis severa one remarkably large chromosome which
exhibiting particular form and probably represents X;-element was found
in the spermatogonium.

' 13.. The size of chromosome and nucleus vanes markedly in the di-
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fierent species studied. Heteropoda forcipata and Thelticopis szvera belong-
ing to Sparassidae have the largest chromosomes and nuclei, the' smallest
are found in Micaria unifascigera and Trachelas Japonicus.

14. In all the species examined sex chromosomes are prereductional
and they pass one pole undividedly in the first division and separate
equationally in the second division.

15. In the three thlodromus-spemes, Tibellus and Xysticus insulicola
the sex chromosomes lag:behind the autosomes at- first telophase.. The
same is observed at second telophase of . Misumena. tricuspidata. ,

16. The autosomal bivalents form at first metaphase one chiasma in
the interstitial region and assume usually V or dumb-bell shape.

. 17. The irregular separation of some autosomes was found in the
meiotic division of Philodromus aureolus japonicola:and Oxytate setosa.

18. At first metaphase of Clubiona lena several pairs of minute
chromatic bodies were found, which are likely to d1v1de, but the origin
and fate .could not be traced.

19." The chromosome number and morphology of the studied families
were discussed. .

" 20. The large chromosome number of Sparassidae seems to be old-
type.. . .

. 21, The XO-mechamsm in ‘Thomisidae and Oxyopidae has orxgmated
very probably from the XLX 20 mechamsm by the ehmmatlon of one of
the two X's.

LITERATURE

TERRY, E. H. 1906. The ‘accessory chromosome’ in Epeira. Biol Bull. 1: 193-201.

ECSENBERG, H. 1904. Zur Spermatogenese bei den Arachnoiden. Zool. Anz. 28: 116-120.

BESENBERG, W. u. E. STRAND. 1906. Japanische Spinnen. Abh. Senekenb. Naturf. Ges.
30.

ERISTOWE, W. S. 1938. The classification of spiders. Proc. Zool. Soc. Lond. 108, Ser.
B, Part II: 285-321.

CARNOY, J. B. 1885. La cytodiérése chez les arthropodes. La Cellule 1: 189 440.

Cowpa, B. N. B. 1950. The chromosome study in the spermatogenesis of two lynx-
spiders (Oxyopidae). Proc. Zool. Soc. Bengal 3: 95-107.

H/CKMAN, W, 1948. Chromosomenstudien an Araneen mit tesoncerer Berucksmhtxgung
der Geschlechtschromosomen. Act. Zool. Fenn. §4: 1-101.

HARD, W. L. 1939. The spermatogenesis of the lycosid spider Schizocosa crassipes (WiL-
CKENAER). J. Morph. 65: 121-154.

MONTGOMERY, T. H. 1905. The spermatogenesis of Syrbula and Lycosa, with general
considerations upon chromosome reduction and the heterochromosomes. Proc.
Acad. Nat. Sci. Phil. 57: 162-205.

PAINTER, T. S. 1914. Spermatogenesis in spiders. Zool. Jahrb., Anat. u. Ont. 38: 509-
576.

PZTAU, K. 1048. X-segregation and heterochromasy in the spider Aranea Reaur.uri,
Heredity 2: 77-100.

PETRUNKEVITCH, A. 1928. Systema Aranearum. Trans. Conn. Acad. A. Sci. 28: 1-270.

¢ 51)




RS

52 - i1 8i SUZUKI

-FETRUNKEVITCH, A. 1933.. An inquiry into the natural classification of spiders, based
on a study of their internal anatomy. Ibid. 31: 299-389.

— 1939. CataIOgue of American spiders. Ibid. 33: 133-338.

REVELL, S. H. 1947. Controlled X-segregation at meiosis in Tegenarsa. Herednty 1: 337+

© 347,

SAVORY, T. H. 1926. The classification of spiders. Ann. Mag. Nat. Hist. 18 377-381.

1928. The biology of spiders. London.

SHINANO KYOIKUKAI MINAMIAZUMI EUKAI. 1941. Spiders from the Japanese Alps (in’
Japanese). Matsumoto, Japan.

£OKOLSKA, J. 1925. Les Hétérochromosomes pendant Ja Spermatogéndse de 1'Araignée’
domestique (Tegenaria domestica CL.). Bull. Int. Acad. Cracovie (Cl. €c. Math.
Nat.) 3B: 477-491.

SUZUKI, S. 1949. Cytological studies of some spiders (in Japanese). Zool. Mag. 58: 89-80.

————1950a. Sex-determmatmn and karyotypes in spiders (in Japanese). Ibid. 58: 31-32.
1950b. Spiders with extremely lIcw or high chromcsome numbers (in ]apanese)

Jap. Jour. Gen. 25: 221-222.

1951a. Karyotypes in two families of spiders, Argiopidae and Attidae (in Japa-

" nese). Zool. Mag. 80: 3-4.

1951b. Cytological studies in spiders. I. A comparative study of the chromosomes
in the family Argiopidae. Jour. Sci. Hiroshima Univ., Ser. B, Div. 1, . 12:67-98..

SUZUKI, S. and A, OKADA. 1950. A study on the chromosomes of a spider, Heleropoda
venaloria; with special reference to Xy-, Xg- and Xg-chromosomes. Ibid. 112 29-44.

WAGNER, J. 1896a. Einige Beobachtungen liber die Spermatogenese bei den Spinnen.

Zool. Anz. 18: 188-190.

1896b. Beobachtungen liber Spermatogenese bei Spinnen. Travaux. Soc. Imp.

" Nat. St. Petersb., Sci. Zool. & Physiol. 26, II: 82-98. ) _

WALLACE, L. B. 1900. The accessory chromosome in the spider. Anat. Anz. 18: 327-329.

————1905. The spermatogenesis of the spider. Biol. Bull. 8: 169-188.

1909. The spermatogenesis of Agalena naevia. Ibid. 17: 120-160.

(52)




