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ABSTRACT. A statistíca1 study of the metaphase chromosomesof the North

American catfish, Noturus gyrinus (Mitchi11) (tadpole madtom), has shown

that nine homolog groups can be identified among the 42 somatic

chromosomes of this species. Relative length measurements of chromo-

somal arms on a cellular base (RfC) and on a group base (RtG) formed

the basic data from which coordinate karyograms hTere constructed.

Three median (M-1, M-2 and M-3), four submedian (SM-l, SM-2, SM-3 and

SM-4), and two subterminal (ST-1 and ST-2) homolog groups were identified

beËween arm ratio isopleths 1.0-1.7, L.7-3.0, and 3.0-7.0, respectively.

No terminal chromosomes \,Iere identified between arm ratio isopleth

7.0 and co , nor \.{as sexual heterogamety evident. The N. gyrínus

karyotype r,üas compared with three other known catfish karyotypes:

Clarius batrachus (Clariidae), Hypostomus plecostomus (Loricaridae),

and Ictalurus punctatus (Ictaluridae). Only M-1 and M-2 homolog

groups appeared common to all four karyotypes. Comparison of homolog

groups suggests that the loricarid and ictalurid karyotypes have

undergone extensive chromosomal reorganization by means of pericentric

inversion while the clariid karyotype appears to have remained relatively

unmodified from an ancestral form possessing 52-56 telocentríc

chromosomes.

INTRODUCTION

Of the 413 families of teleosts listed by Greenwood et al. (L966),

I92 species representing only 35 families and 11 orders of teleostean

vertebrates have chromosome data for one or more species. Indeed, so

few species have been examined karyologically that litt1e can be
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concluded regarding the probable derivation of their chromosome

complements" Most cytogenetic knowledge applicable to systematÍc

problems ís derived from the studies of remarkably few \.^Torkers r¡/ho

have concentrated on the following five fish families: Salmonidae,

íncluding Coregoninae and Thymallinae, (Svardson 1942, L945, 1958;

Kupka, L948; Boothroyd, 1959; Nogusa, L960; Simon, L963; Simon and

Dollar, L963; Rees, 1964, 1967; Karbe, L964; Ohno et a1., 1965,

L967b; Booke, 1968; Roberts, L97O); Cyprinidae (Nogusa, L960; Post,

L965; Ohno and Atkin, 1966; Ohno et al., 1967a; Muramoto et a1., 7968;

InIolf et a1. , 1969); Cyprinodontidae (Scheel , 7966a, 1966b, 1968;

Setzer, 1968, I97O; Chen L970, L97l; Chen and Ruddle, L970);

Poeciliidae (Friedman and Gordon, L934: Inlickbom, L94L, 1943; Ohno and

Atkin, L966; Schultz , 1967; Schultz and Ka11man, 1968); Centrachídae

(Roberts , 1964; Becak et al. , 1966; Ohno and Atkin, L966) "

In these families and very recently in Gasterosteidae (Chen and

Reisman, L970), adequate cytogenetic data is now avaílable to begin to

infer phylogenetic relationships among species on the basis of compara-

tive chromosome morphology" (Chen, L97I; Ohno 1970a, L970b.) Correlated

cytogeneËic studies of relative DNA content and electrophoretic

analysis of tissue protein components have furËher elucidated systematic

relatíonships among lower chordates. (Ohno and Atkin, L966; Taylor,

T966; Atkin and Ohno, L967; Ohno et al., I967a, I967b; Bender and Ohno,

L968; Booke, 1968; Klose et a1., 1968; Muramoto et al., L968; I^iolf

et al., L969; Behnke, L970). Ohno (1970b) provides a detailed

discussion of this subject.

The catfishes (Siluriformes) are among those orders of fishes

which have received little attenËion cytogenetically. Nogusa (1960)
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reports dipl-oíd counts of 58 rod-shaped (acrocentric) chromosomes foï

Parasilurus asotus (siluridae) (n = 29) and 56 rod-shaped chromosomes

for Pelteobagrus nudíceps (Bagridae) (n = 28) but adequate material

\^ras not provided f or karyol-ogical analysis of these two species.

somatic chromosome data are avaílable, however, for a single species ín

three other catfish families: clarius batrachus (clariidae), the

walking catfish, having 2n = 52 (srivastava & Das , L96B); Hypostomus

plecostomus (Loricaridae), the armoured catfish, having zn = 54 and

rctalurus punctatus (rctaluridae), the channel catfish, havíng 2n = 56

(Muramoto et al., 196s). The chromosomes of these three species have

been karyotyped according to conventional methods which sorts the

chromosomes into metacentric-submetacentric, subtelocentric and

acrocentric (telocentric) categories by inspection. Accordingly,

C. batrachus is reported to have 6 metacentrics and 46 acrocentrics,

while [. plecostomus and r. punctatus have karyotypic formulas of

24msm * L2st + 1Bt and 16msm * 22st + l8t, respecrively.

The purpose of this particular study is, first, to determine the

diploid number and morphological characteristics of the chromosomes

of a second species of rctalurid, Noturus gyrinus (Mitchi11) (radpole

madtom) and, secondly, to examíne patterns of chromosomal morphology

among known catfish karyotypes that would suggest possible derivation

of their chromosome complements.

METHODS

Chromosome preparations were made from gi11 filament epithelial

ce11s of actively-growing juvenile specímens following the method used

by Stewart and Levín (1968) Ëo obtain permanent dry mounted. smears of
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mitotic chromosomes. Fish, approximately 4.5 cm in body length

(Fig. 1C), were given a dorsal intermuscular injection of 0"05-

0"10 ml- of 0.01% colchicine solutíon using a 27-gauge needle and

tuberculin syringe. In sma11 specimens, approximately 3"0 cm in body

length (Fig. 1D), a portion of the injection \,/as administered

intraperitoneally. Injected specimens were placed in a r¡e11-aerated

tank 2-6hrs. at I6-20oC. The fish were killed by pithing and the

fourth branchial arch removed and placed in fish Ringerrs. Mucous,

blood and debris r,^lere caref ul1y removed from the gi11 1amellae.

Cleaned arches \^rere transfered to 0.1 M potassium cyanide (KCN) for

30-90 sec, depending on the sLze of the arch, then transfered to

tríp1e glass-distill-ed water for a 3-5 min dialysis period. i{hen the

filaments were visibly swo11en, the arch was transfered to 45% acetic

acid fixative for at least 15 min. Following fixation, a monolayer

of ce11s r,{as prepared by t'painting" the tips of the gi11 filaments

across a pre-cleaned glass microscope slide (Esco: 1mm thickness)"

The smear \^ras allowed to air-dry and Ëhen stained in Gíemsaf s staín.

The stained slides were rinsed in dÍstilled \^rater and allowed to air dry

after which they were mounted with Permount mounting medium and a /É0

Corning cover-glass.

All slides \¡rere examined for intact, flattened and well-spread

metaphase chromosome complements. Suitable chromosome spreads were

photographed under 100X oi1-immersion planapochromat lens at a

photomagnification of 630X. Parametric measurements r¿ere made from

ca2800X photographic enlargements.

Tndividual nuclei were karyoËyped by attaching double-stick tape

to the back of photographic enlargements, cutting out the individual
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chromosomes and temporarily af.fixing them to a piece of wire or

synthetic screening. The screen facilitated manipulation of chromo-

somes during inspection analysis. Chromosomes \.vere tentatively

assigned to a homolog or homolog grorlp on the basis of over-all length

and position of centromere. Each chromosome vras then quantitatively

described by measuring the length of every chromatid arm with a divider

and expressing the measure in arbitrary units wÍth the use of a finely

divided rule as described by Ruddle (L964). Further classification of

chromosome groups was based on the arm ratio (1ong arm/short arm)

nomenclature of Levan et al.(1964) r¿hich can be sunnnarized as follows:

Term

M

m

SM

ST

t

T

Centromeric position

median sensu stricto

median region

submedian region

subterminal region

termína1 region

terminal sensu stricto

Chromosome designation

me tacentric

me tacentric

subme tacentric

subtelocentric

te locentric

Ëe locentric

Arm ratio

1.0

r.0 - r"7

1.7 - 3.0

3.0 - 7"0

7.0 - co

æ

Length measurements of chromosomal arms form the basíc data for

karyotypic analysis. Ruddle (1964) has provided the rationale for

the notation and formulae employed here. The length of the long arm

(1) together with that of the short arm (s) describes the over-all

length of the chromosome (c) such that: c = 1 * s. The centromeric

position or arm ratio (AR) is described by the length of the long arm

relative to that of the short arm such that: AR = 1 / s. A single value

for the long or short arm can be obtained by averaging the length of

the sister chromatid arms. This value may be expressed in two forms:



7

(a) absolute measurement (AL) in arbitrary units and (b) relative or

percentage measurements. The measurements represented by RLC (relative

length on a ce11u1ar base) describes the arm length as a decimal or

percentage of the combíned lengths of all the chromosomes in the cel1.

The sum of the RLC measurements is here termed the genome length. The

measurement represent.ed by RLG (relative length on a group base) compares

a particular arm on a decimal or percentage basis with the total

chromosomal length of the particular restricted group of chromosomes

to r,+hich the chromosome in question belongs. The sum of the RLG

measurements is here termed the group lengËh"

The notations and relationships to these systems of length

representations have been adapted from Ruddle (I964) for N. gvrinus

chromosomes as follows:

1ar.d(i)
lnr,cd(i) = Ã 42rr

L lar,d(i) + ¿sArd(i)i=l i=l

sAL9 (i)
sRtcS(i) =

sni,cd(i) =
sALd(i)

42 42rr
Àrai,9(i) + lsar,9çi¡i=l i=l

(for SM-3
chromosomes)

44
f.r r-
à te"a(t) + à'o"a(t)
i=1 i=l

where:
l¿i.d(i) = the absolute length of the long arm of the ith

chromosome in a particular male ce11.
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Ll¿l,'¿(i) + /.sdXe{Ð = rhe roral absolure lengrh of the chromo-

i=l i=1
somes in a particular male ce11 having

42 chromosomes.

lnf,Cd(i) = the relative length of the long arm of rhe

ith chromosome of a male cell on the basis

of genome length.

snl,e9(i) = the relatíve length of the short arm of

the ith chromosome of a female ce11 on

the basis of group length.

Because variation in measurements from cel1 to ce11 is a consequence

of the coiling cycle of chromosomes, magnification, and photographic

enlargement, it is necessary to convert absolute measurements to relative

. measurements so that inter-nuclear comparisons can be made with a

standardized base. It is also advantageous to determine mean values

for the arm lengths of specifíc subgroups on an RLG base, Such means

can be calculated as follows:

r
à lmca(:)

. 
-1J-r

where:

Toaa 
=

N

Tni,Cd = the mean long arm lengrh (RtG) for N

number of male ce11s in a particular

chromosomal group. (The group in questíon

n may be stated in subscript.)
\-
L lni,Cdç¡)= the toral lengrhs (RT,c) of long arms of

j=1
a particular chromosomal group in N

number of cell_s.
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The tabulation of arm length data on both RLC and RLG bases can

be presented in graphical form. RLC data are presented as a tl¡ro-

dimensional coordinate karyogram. In specific instances, both RLC and

RLG data are presented similarly as a partial coordÍnate karyogram.

Coordinate karyograms are constructed by plotting the long and short

arm length of individual chromosomes against each other on the X and Y

axes, respectively. Chromosomes wíth similar lengËh characteristics will

distribuËe as clusters of points. Because a probability statement

regarding the separabÍlity of these clusters cannot be made, it will be

stated arbitrarily that t'if the clusters are tr¡ro or more standard

deviations apart then the clust.ers may be considered as representing

distinct chromosomal groups"t' (Ruddle, 1964.) The average values

beËween male and female arm length daËa have been plotted and a line

representing one standard devíation has been drawn to each side of the

mean for x and Y values. Both Patau (ro0o1 and Ruddle (1964) poinred

out that the coordinate karyogram offers a convenient means of recording

and relating karyotypie information. specifically, the number and

relationships of the various chromosomal groups can be readily established.

Secondly, standard deviations of coordinate values provide an immediate

concept of arm length variation and permit a judgment regarding the

degree of separability of the chromosomal groups. Finally, the arm

ratio of a chromosomal group can be determined directly from the

coordinate karyogram by dividing the long arm RT,c by that of the short.

Moreover, estimates of arm ratios are facilitated by including arm

ratio isopleths which are lines drawn through the coordinate system

describing coordinates of equal ratio values. Arm ratio isopleths

1.0, 1"7, 3.0, 7.0 andco have been included in Fig. 4. These particular
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isopleths separate median, submedian, subterminal and terminal chromo-

somal groups as previously defined. Having classified the chromosomes

into groups on the basis of arm ratio, subgroups can then be designated

on the basis of over-a11 length" The longest chromosomal group in each

arm ratio category is termed 1, the next longest 2, and so on. Thus

the longest metacentric chromosome is labeled metacentric-1, or simply,

M-1, and so on.

RESULTS

Diploid Counts

One hundred and forty-five mitotic metaphase nuclei were photo-

graphed from slides of eleven tadpole madtoms (five females and six

males). The range and frequency of chromosome counts are ïecorded in

Table I. The number of nuclei photographed per specimen depended

Table I. Variation ín diploid counts of mitotic metaphase
chromosomes in Noturus gyrinus.

Diploid C

primarily on the quality of the smear and the frequency of metaphase

ce1ls produced by the specimen during the incubation period. The

number of nuclei counted averaged 13 per specimen and ranged from 7 to

25.

o ounts
Sex N 40.1 0 37 3B 39 4I 42 Tota 1

I
ê

5

6

2302244

1033t2 1

40

50

75

70

Total 11 36aJ J J 5 5 90 145

Pe rcent 2.L 2.1 2.L 3.4 24.8 3"4 62.7 100
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Diploid chromosome numbers ranged frorn 36 to 42. The modal count,

representing about two-thirds (62.r%) of the nuclei examined, T¡ras

2n = 42. I^Iith the exception of some cells which had 2n = 40, all other

counts occurred with such 1ow frequency (2.1 and 3"47.) that they were

judged to represent ruptured ce1ls. Such hypoloid ce1ls revealed no

consistent chromosomal variation.

Although one female had an individual modal count of. 2n = 40, non-

modal counts of this type were suff iciently numberous (24.g%) to r^rarrant

special consideration. Approximately 32% of. female counts and !7./" of

male counts were of this particular non-modal type but no particular
pattern of chromosome irregularity existed" Modification in arm number

such as might be attributed to centric fusions or telomeric associations

r,rere not observed. Therefore, it is assumed that the relatively high

frequency of 2n = 40 complements in male and female samples was due to
random chromosome loss similar to that noted. in other non-moda1 counts.

General Features of the Karvotvpe

TL'¡e 42 chromosomes of the tadpole madtom have been divided into
níne subgroups on the basis of two karyotypic parameters: over-all
chromosome length and arm ratío. These groups are shown in phoËo-

idiograms of f emale and male cells (rigs . 2 and. 3) and as a t\,ro

dímensional coordinate karyogram (Fig. a). Three metacentric groups,

M'-r, yl-z, and M-3, can be readily separated by their over-a11 length.
Submetacentric groups, SM-1, STI-2, SM-3, and SM_4, T,{ere initially
placed Logether but subsequent analysis (discussed later) indicated
that they are distinctive. There are tr^/o groups of subtelocentrics,
sr-1 and sr-2. subgroup sr-l consists of only one pair of large homo-

logs while subgroup sr-2 contains nine pair of smaller homologs.
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Because their inherent lengths grade imperceptably into one another,

pairing among ST-2 homologs is not meanÍngful. No telocentric chromo-

somes are present in the tadpole madtom karyotype.

Mean RLC and arm ratio data f.or chromosomes from male and female

madtoms are tabulated in Table II. Mean values for chromosome arms are

specified by subgroup for both male and female samples and the number

of chromosomes involved in each average is given. The number of chromo-

somes in a particular subgroup times the number of cells employed in

the study is represented by the number N. The standard deviatíons from

the sample mean as well as the coefficients of variation have been

calculated. The v values have been included because they permit

variance comparisons between groups that are independent of differences

in the magnitude of the group means.

The tadpole madtom karyotype can be characterized ín a number of

T¡/ays using RT,C data. First, the mean arm lengths within groups are

consistent even for the sma1l number of cells involved. This is

supported by the fact that ËT¡Io-l,ray tests of the differences between

mean scores for arm length in independently collected samples from

males and females are not significantly different at the 5 percent

1eve1. The standard deviation for the long arm is on the order of 10

percent of the mean lengËh and 15 percent for the shorter aïmo Ruddle

(1964) pointed out that increased variance of the short aïm measurements

as compared to long arm measurements is probably due to experimental

error that can be expected to increase as arm length decreases"

rmprecision as well as chance distortion of the chromosome will be

magnified in the short arm relative to that in the long arm. The data

also indicate that the size of the coefficient of variaEion is a
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Figure 2" Photoídiogram of Noturus gyrinus, female.
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Figure 3. Photoidiogram of Noturug EJÉgs, mal-e.
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Figure 4. Coordinate karyogram of Noturu.s gyrinus chromosomes, based
on arm 1-ength averages (RtC)
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function of (a) mean arm ratio (AR) and (b) the number of homologs (N)

ín the group. For example, the single pair of M-l homologs has about

the same mean total length (7 percent) as a single pair of ST-1

homologs. However, the coefficíent of variation for the ST-1 short

arrn which has a mean arm ratio equal to 3.StO.A (Table II) is consider-

abLy greater t.han that of the longer M-l short arm i¿hich has a mean

aïm ratio equal to 1.gtO.f Similarly, the si-ze of the V score reflects

the number of homologs in the group. Chromosomes in groups M-1, SM-l,

SM-4, and ST-1 have only one homolog and give the lowest V scores

(about 10 percent) . Chromosomes in groups M-2, M-3 , Sl'4'-2, and SM-3

have three homologs and, with the exception of group M-3, give higher

V scores (about 20 percent). Low variability among M-3 chromosomes

is probabl-y due to their very smalJ. size and near-median centromere.

A bias Loward perceiving both arms as equal measures combined with

Ímperceptible length varíations tends Ëo obscure real differences

that undoubtedly exist. Therefore, the arm lengËhs and arm ratios for

M-3 chromosomes are likely more variable than the data suggest.

Correspondíng differences within groups composed of larger chromosomes,

such as group ST-2, are more accurately reflected in their V scores"

As previously noted, V scores for long arms in extremely subcentric

groups such as ST-2 tend to be lower (Vg = L7.03; Vd = 15"62) than for

short arms (V9 = 31.03; Vd= 25.00). No consistent differences between

male and female V scores r,uere noted among the 9 subgroups.

Values for mean aïm ratios for each group have been calculated

directly from absolute arm length data. These values together with

standard deviations and coefficients of variation are given in Table IÏt.

Because no significant differences in arm length means beËween male and



Table III" Combined

ratios for

18

male and female arm length

chromosomal groups 
"

Group AR vb

M-1

I,1,-2

M-3

SM- 1

SM-2

SM-3

SM-4

ST-I

ST-2

20

40

40

20

40

40

20

20

180

7.27

1,.22

1.00

1" 90

2.L7

2.05

2.46

3 "46

3"84

0.06

o.L4

0.0

0. 13

0.44

0.24

0.04

0.35

0. 78

4.78

11.51

0.0

6.86

20.26

tI.45

5.30

9 "99

20 "42

s = standard deviation,

V : coefficient of variation

female samples were found, absolute values for both sexes have been

combíned. The standard deviations again are comparatively low, ranging

between 5 and 20 percent of the mean. As in t.he case of arm length

measures, groups with very sma11, equal-armed chromosomes (M-3) and

groups with only one homolog have typicall_y loi¿ variability (M-1,

SM-1, SM-4, and ST-1). Multiple homolog grorlps with similar centromeric

position in each homolog have somewhat higher scores (M-2 and sM-3).

The highest v values are obtained in homogeneous groups in which the

arm ratio varies substantially between homologs (sM-2), and in groups

with sma11 arms having high experimenral error (ST-2) 
"

b
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Median Chromosomal Groups

A partial coordinate karyogram of groups M-l, M-2, and M-3 is

shown in Fig. 5. It can be seen that three distinct clusters of points

are grouped within the metacentric arm ratio range (1.0-1.7). The

clusters are separable not only in terms of over-alI length but also on

the basis of arm ratio. Arm ratio ísopleths have been constructed for

each subgroup based on data from Table TII. The fit is sufficiently

cl-ose to a straight line in each group so that ít is unnecessary to

carry ouL a regression anal-ysis. These data suggest that the arm

ratio for each group is isomorphic over a change of chromosomal length

by a factor of L.2, L.4, and 2"0 for M-L, M-2, and M-3, respectively.

Group M-1 consists of two homologs whose mean aïm ratio is 1"27!0.06

(cf. Table III). They are the largest and most asymmetrical meta-

centrics in the genome" Because M-l chromosomes have the same over-a11

length as SM-2 chromosomes (about 7 percent), good preparations are

required to achieve arm ratio separation. Group M-2 contains four

homologs sufficíently similar in total length (about 5 percent) and

arm ratio (7.22t0.74) to make pairing meaningless. In some cells,

however, t!üo M-2 homologs \^7ere def ínitely targer than the other two

and this variation in over-all length is reflected in V scores on the

order of 15 percent (cf" Table II).

So few cells exhibÍted size differences that consistent pairing

within this subgroup would be unreliable without the aid of additional

chromosomal markers. Group M-3 consists of the four smallest homologs

in the genome and are, therefore, easily classified by inspection. As

has been noted, their very sma1l size prevents precise arm ratio

descrimination. Hence, distribution of all M-3 chromosomes along the
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Figure 5. Partial coordinaLe karyogram of median chromosomal
groups: M-l, M'2, and M-3"





27

1.0 RIC arm ïatio ísopleth probably represents a mole perfect fit to

this isopleth than is truly the case.

Submedian ChromosomaL Groups

The submetacentric chromosomes rlere most difficult to classify'

High variability in absol-ute length and arm ratio from ce11 Ëo cell made

consistent pairing questionable. Fígures 6 and 7 show the same data

plotted as RIC and RLG val-ues, resPectively'

RLC values (Fig. 7) distributed along the 2.2 mean arm ratio

isopleth make descrimínation of subgroups inconclusive. Some suggestion

of separability of distaL homologs from adjacent groups can be seen in

the clusLerÍng of points at each end of the isopl-eth. Further evidence

of the distinctiveness of the distal cl-usters is shown in their mean

arm raËios which, when calculated separately (cf. Table II), are

1.90t0.13 and 2.46t0.04 for SM-l and SM-4 chromosomes, respectively.

On the other hand, SM-2 and SM-3 homol-ogs have similar arm ratios

(2.I7!0.44 and 2.05+0.24, respectively) with relatÍvely large standard

deviations so that the real-ity of tvro distinct seLs of homologs can

only be demonstrated in terms of total length differences. The partial

RLG karyogram (Fíg. 7), has an over-all length difference of about 1

peïcent, sepaïâting each of the four sets of homologs. According to

convention, t'once chromosomal groups have been shown to have little

overlap, as in this instance, it is permissible to classify the chromo-

somes of individual- cells inËo homologs for the purpose of determíning

mean arm lengths. It should be pointed out that the degree of differ-

entiation that must exist in order to decide whether homologs may be

classified with confidence is really undefined." (nuadle , L964)
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Figure 6. Partial coordinate karyogram of submedian chromosomes.
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Figure 7. Partial coordinate karyogram
groups: SM-l, SM-2, SM-3,

of submedian chromosomal
and SM-4.
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Subterminal Chromosomal Groups

The tadpole madtom karyotype contains 20 subterminal- chromosomes

only two of vihich are sufficiently different in total length to be paired

separately. The remaining 18 subterminal homologs form a continuum for

total chromosome 1-ength. Figure 8 illustrates the dispersal of sub-

telocentric chromosomes along mean Rl,c arm ratio isopl-eths 3"5 and

3"8 for ST-1 and ST-2 homologs, respectively. ST-l- homologs are readily

separated from ST-2 homologs by a genome length facËor of about 1 percent

and easily distinguished from other large elements, such as M-l, SM-l,

and sM-2 chromosomes, by theír relatively large mean arm ratio. sr-2

homologs can not be paired on any normalized basis. Partial pairing in

some cell-s can be achieved with satisfaction but there rnrere so few of

this type that pairing patterns in ST-2 chromosomes must be regarded as

unreproducible. The partíal coordinate karyogram (Fig. 8) emphasizes

the difficulty of resolving distinct homologous pairs within this group.

Because there is no suggestion of discontinuities which míght refer to

homolog differences, Ëhe data r¡rere not normaLized on an RLG base.

NevertheLess, distinctl-y different chromosomes exist in this population

if one considers total chromosome length. The shorËest chromosomes have

an RT,c val-ue of 2.7 whíle the longest have values of 5.8. I^ihen one

considers that the standard deviations of mean length (RT,C) are on the

order of.2o percent of the average length values, length differences

between the 1-ongest and shortest chromosomes represenËs a true length

difference. Therefore, if only the longest and shortest chromosomes

r¡rere present, they would be easily separable. similarly, the arm ratios

for ST-2 chromosomes grade from 3"0 to 6.5. Real differences among ST-2

chromosomes do indeed exist but the differences are very slíght from one
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Figure 8. Partial coordinate
groups:

karyogram of subterminal chromosomal
ST-1 and ST-2.
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set of homologs to another and normal variation tends to obscure them

even further. The data suggest that the ability to paír ST-2 hornologs

on the basis of either arm length or centromeric position is illusory

and that these homologs must be considered indeterminate.

DÏSCUSSION

Muramoto et a1.(1968) provided evidence that loricarid and

ictalurid specíes are diploid and have acquired varying degrees of

genetíc redundancy by means of 1) unequal exchange during mitosis, 2)

unequal crossing-over during meíosís and 3) regional duplication of

chromosomal segments. Consequently, it is supposed that pericentric

inversions, divergence of duplicated gene loci and deletion of non-vita1

chromosomal material has been the primary mechanisms by which modified

diploid counts and chromosome structure have evolved from an ancestral

siluriform prototype consisting of 50-54 acrocentric chromosomes"

(Ohno et al., 1967a.)

While more parametric studies of siluriform karyotypes are needed

Ëo elucidate phylogenetic relationships within and between catfish

families, comparíson of known catfish karyotypes on the basís of

apparent chromosome homology can be considered. Chromosome complements

of three previously karyotyped catfish together with that of \" gyrínus

are presented in Fig. 9. Chromosomes of C. batrachus are classífied

according to its investigators, Photoidiograms of H, plecostomus and

L, punctatus are tentatively re-grouped according to over-411 length

measurements and arm ratio. Initial karyotyping was presumably done by

ínspection of many nuclei and it is recognized that confident subgroup-

ing would require parametric analysis of more chromosome sets than are

immediately avail-able .
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Figure 9. Photoidiograms of four catfish species.

A. Clarius batrachus (after Srivastava & Das,
1968), 2n = 521' kf. = 6m * 46t.

B. HvposËomus plecostomus (modified from
Muramoto et al., l-968) . 2n = 54¡' tentative
kf = 10m * 12sm * 14st + l8t.

C. Ictalurus puncËatus (modified from Muramoto
et a1. , 1968). 2n = 56; tentatíve
kf = 10rn t 12sm * 16st + l8t.

D. Noturus gyrinus. 2n = 42, kf = 10m 4 12sm * 2ost.

:k kf = karyotypic f ormula.
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0f the four species available for karyologíca1 comparison, C.

bqtrachus appears to have undergone the least chromosomal reorganLza-

tion. The larger pair of metacentrics and two medium-sized metacentrics

are thought to be homologous to M-1 and M-2 groups in N. gyrinus.

These six metacentrics probably arose very early in catfish evolution

because they appear in representatives of widely divergent siluriform

families.

The derivation of two paírs of minute metacentrics (M-3) ís obscure.

Their presence in both taxonomically primitive and advanced groups, such

as lctaluridae and Loricaridae, and their absence in C, batrachqg suggest

one of two possibilities. Either an O1d Inlorld clariid ancestor diverged

very early from the main line of catfish evolution, prior to the

f ormation of the M-3 subgroup, or silurif orm families of New trnlorld

origin (tentatively including Tctaluridae) have retained the four M-3

homologs while all or some 01d I,riorld form have either lost these

chromosomes or incorporated them into existing linkage groups. A dÍp1oid

number of. 52 and the presence ot 46 telocentrics in the C. batrachus

karyotype tends to support the hypothesis that clariid chromosome

complements more closely resemble that of the ostariophysian protoEype

than do other taxonomically primitive and advanced New I^Iorld catfish

groups, Perciform fishes are another exampl-e where taxonomicall-y

advanced species have retained relatively unmodified chromosome numbers

and structure. Thus, it is 1ikely that the ancestral karyotype from

r¿hich C. batrachus evolved with littl-e structural modif ication consÍsted

of 52-56 telocentric chromosomes. Nogusa (f000¡ reports a diploid count

of 56 rod-shaped chromosomes for Pelteobagrus nudiceps. This species

belongs to Bagridae which is generall-y regarded as a taxonomically
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primitive 01d l^iorld catf ish f amily'

The chromosomes of H. plecostomus, I. punctatus and N. gyrinus

show little morphological resemblance to those of C. batrachus. However,

the karyotype of I. punctatus can be equated to that of C. batrachus to

the extent thaË a steady progression of pericentric inversions among

46 telocentrics could provide the 46 submetacentric, subLelocentric and

telocentric chromosomes observed in I. punctatus. The inversion process

presumably continued further in the Noturus line where, ín the case of

N.. gyrinus, no truly telocentric chromosomes are evident. Seven pairs

of telocentrics appear to have either been lost in N. gyrinus or incor-

porated into existing linkage groups, I,rihatever the mechanism, consíder-

able genetic consolídation and chromosomal- reorganization seem to have

accompanied the divergence of Ictalurus and Noturus lines. A similar

pattern of chromosomal reotganízation and diversificatíon of diploid

numbers has been proposed for another group of ostaríophysians.

According to Ohno et a1. (1968) "it appears that an ancestor of the

family Cyprinidae I order Cypriniformes] had 48 acrocentrics and a DNA

content of about 20% that of mammals. Without substantial change in

the DNA content, modification of this karyotype mainly by perícentric

inversíon subsequently occurred to many members of this family. They

came to possess 50 to 54 chromosomes, nearly half of which are meta-

centric Iincluding submetacentric] ." In the case of siluriform groups,

however, Muramoto et a.1 . (1963) poínt out that "dipl-oid members of

Ostariophysi Lui". Siluriformes] undervrent extensive chromosomal

ïeaïrangement as well as a sËeady increase in DNA content by regional

duplication of chromosomal segments.'l
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It is not possíble to deduce the degree of genetic divergence

between L punctatus and H. plecostomus so1e1y on the basis of

chromosome morphology, The presence of an additional paír of sub-

telocentrics accounts for the difference in diploid number between

them, Their karyotypes appear to be quite similar in other respects.

Spectrodensitometric studies (Muramoto et a1., 1968) indicate that the

nuclear DNA content of H. plecostomus is 51% thaË of mammals while that

of L punctatus is only 30%, As a consequence of tandem duplication of

DNA segments, it is possible that parametric studies of chromosome

length would show the genome length of H. plecostomus to be sígnificantly

greater than that of I. punctatus,

SUMMARY

A study has been made of the somatíc chromosomes of Noturus gyrinus

(Mirchill). The diploid number is 42 and sexual heterogamety tnTas not

evident,

Parametric analysis of over-a1l- chromosome length and arm ratio

has permitted separation of chromosomes into nine homolog groups. Three

median groups consisting of one pair of M-1 homologs, tvlo paír of M-2

homologs and two paír of M-3 homologs have been identified on an RLC

base. Separation of four submedian homolog groups was possible only

on an RLG base. Submedian groups consisted of one pair of SM-l homologs,

two paír of SM-2 homologs, t\^Io pair of SM-3 homologs and one paír of

SM-4 homologs. Ten pair of subtermína1 chromosomes have been identifíed

onLy one of which (ST-1 homologs) was separable on an RLC base. The

remaining eighteen subterminal chromosomes (ST-2 homologs) could not be

separated by either base method. Homologous paíring within the ST-2
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subgroup r¡Ias theref ore regarded as indeterminate.

Possible derivation of four catfish karyotypes vras considered.

Clarius batrachus (Clariidae) appeared to have the least modífied

karyotype consisting of 6 metacentrícs (M-1 and M-2 groups) and 46

telocentríc chromosomes. The chromosomes of N. gyrinus resembled

those of Tctalurus punctatus (Ictaluridae) and Hypostomus plecostomus

(Loricaridae) in that all three had 10 metacentric chromosomes (M-1,

M-2, M-3 groups) and L2 submetacentric chromosomes (SM-1, SM-2, SM-3,

SM-4 groups). The N. gyrinus karyotype contained four more subterminal

chromosomes than both H. plecosLomus and I. punctaËus but was lacking

eighteen terminal chromosomes found in the other two species.

Hypostomus plecostomus and T. punctatus karyotypes appeared to differ

by one subterminal pair of chromosomes. Comparison of homolog groups

suggests that the loricarid and ictaluríd karyotypes have undergone

extensive chromosomal reorganization by means of pericentric inversion

whíle the cl-aríid karyotype appears to have remaíned relatively

unrnodified from an ancestral form possessÍ-ng 52-56 telocentric chromo-

somes.
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APPENDTX



A variety of karyological symbols and nomenclature are used to

describe diploid sets of chromosomes. The symbols, as reported by

workers cited in the Appendíx, are listed and defined below.

Svmbol Karyol-ogical description

a acrocentric chromosomes; subterminal or terminal centromere;
rod-shaped chromosomes .

m metacentric chromosomes; median or near-medían centromere;
V-shaped chromosomes.

msm metacentric and submetacentric chromosomes; median or
submedian centromere; bí-armed chromosomes.

sm submetacentric chromosomes; submedian centromere; J-shaped
chromosomes.

sn supernumerary chromosomes; centromere presumed diffuse or
lacking; dot-shaped chromosomes,

st submetacentric chromosomes; submedian centromere; J-shaped
chromosomes.

t telocentric chromosome; terminal or near-terminal centromere;
rod-shaped chromosomes .

F fundamental chromosome; including sma11 metacentric,
submetacentric and acrocenËric chromosome presumably
derived by pericentric inversion.

L large metacentric or near-metacentric chromosomes presumably
derived by centric fusion.

S satellited F chromosomes.

I^l morphologically ídentifiable female sex chromosomes; female
heterogametic.

X morphologically identifiable female sex chromosomes; female
homogametic.

Y morphologicall-y identifiable male sex chromosomes; male
heterogame tic .

Z morphologically identifiable male sex chromosome; male
homogame tic .

( ) specifíed sex chromosome noË morphologícally identifiable"
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