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î XCUO XJksi ÚLwUJU\r I^uL̂ Ljí C \*

*Eÿ JZ*¿nxXíj2Sz¿) ^flOS^zJL olaaj¿L ZF/^xruX

X M S U J ^ & a  Ol/̂ %~
*jt&-usuoojt -̂ -0O9~&JIAa^ A*<\ CJKy^v^ c3l K̂jA  CC

*^ylA . ^^OUX) /CUAMAMAÂ  ̂*
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Î̂ 2>UeirvP 0&h*deJZ_

°i ,A  , ■ U f
U rrusS. <<aA^€t1uvvvÆJJ





7

The Songhuajiang^Nenjiang Plain 
‘In the northeast of China is Ikirted 
by a green screen which forms a 
protective arc. To the east of this 
screen is the Greater Hinggan Range,

dred and ten days a 
year, the best time for trees to grow. 

One late spring and early summer, I, 
slinging my camera on my shoulder, 
paid a visit to the area.

The Greater Hinggan Range still 
keeps its natural, primitive look, un
spoilt by modem civilization. One 
feels as if it were a place untouched by 
any human beings. No wonder tourists 
seeking tranquility and joy come to 
this spot.

It is a unique experience and great 
fun to fish in the waters of the deep 
mountains of the Greater Hinggan 
Range. The waters of the Duobukur 
River meandering through the area are 
so limpid that one can easily see the 
bottom. Its banks are lined with 
luxuriant trees. In the distance are 
misty undulating mountains.

A fellow traveller told me that we 
might be lucky to find Magic Fish in 
this river. Seeing I was puzzled, he 
explained, ‘The so-called Magic Fish is

disturb the fish. I walked to him on 
tiptoe and sat beside him, watching 
the clear flowing water with schools 
of fish frolicking in it.

The fish of one variety were ex
ceedingly lively, but I had no idea 
what they was called. The man be
side me produced a pen, a piece of 
paper and wrote on it zheluo. He 
also told me by gesticulating that 
all the people there were fishing for 
this particular fish.

However it was not easy to catch 
zheluo. The Japanese friend beside 
me had sat there for half a day and 
all he had caught was a big coloured 
pike. This rather disappointed him.

I became interested in my Japanese 
friend, and found out through conver
sation that he had come here with a 
Japanese Anglers’ Delegation specially 
to find a kind of fish known in Japan 
as gui, which is almost extinct in his 
country now. Nowadays one could

only get to 
know what it 

looked like from 
books. Many Japanese 

anglers went to Hokkaido 
to look for gui but returned 

disappointed. Hearing that gui 
existed in China’s Greater Hinggan 
Range, these Japanese anglers flew 
across the Pacific to trace the fish.

I was puzzled by his words, ‘guV, 
‘flying across the Pacific* and so on. 
He then explained, ‘Gui is a Japanese 
name for the fish known in China as 
zheluo. They are the same thing.’ He 
then added, ‘The Japanese also call 
this rare fish ‘Magic Fish’. Only those 
with good luck will be able to catch 
one.’ My curiosity grew and I made 

up my mind to stay close 
to them to see if they 
could find any.

At three o’clock the fol
lowing morning, the Japan
ese anglers set off in 
three jeeps. I joined them 
hoping to see some fun. 
The jeeps threaded along 
the mountainside which 
was very green after the 
recent rain, and set off 
across the marshland cover
ed with grassy mounds. To 
avoid being bogged down, 
the drivers had to choose 
shrubbery no one seemed 
ever to have trodden on. 
Sometimes, they veered 
abruptly or throttled to 
dash forward, the wheels 
churning up mud and

1 Want to fish for a Magic Fish? Go to 
the Duobukur River!

2 ‘Oh, Magic Fish! Fll track you 
down, even if  I  have to wait for ever.f

3 ‘See if  you can escape this time!*
4 ‘Come and take a picture o f  me!*

known as the ‘Green Treasure 
Trove’.

A semi-frigid, semi-tem
perate zone with a mon
soon climate, it is hot 
in summer with 
long periods of 
sunshine and 
abundant

called by the locals zheluo. It is a valua
ble tiny-scaled fish, similar to chum 
salmon and indeed it belongs to the 
salmon family. It lives in waters below 
fifteen degrees centigrade in deep 
mountains in the northern temperate 
or subfrigid zone.’

Only then did I realize that amidst 
the thick, tall grass, a number of peo
ple, in twos and threes, were sitting 

like stone statues with fishing-rods 
in their hands. As I was ap
proaching, one angler turn
ed round and put his 
forefinger over his 
lips to indicate 
silence so that 
I might not

4
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1 sending bits of grass flying behind 
them, startling roe deer and pheasants. 
As soon as we reached our destination, 
we got off the jeeps and walked to 
Zheluo Bay in the Duobukur River 
Valley. It was still cold in the Greater
I T . * - M  D n v w r a  of tVlot t i m P  n f

of the Japanese Anglers’ Delegation 
suddenly indicated to us that he felt a 
pull on his fishing rod. Obviously a 
fish was hooked and struggling under 
the water’s surface. He lifted the rod 
and everybody watched, their eyes 
wide open. On the end of his line was 
a large zheluo, as much as nine catties 
in weight! All the Japanese anglers left 
their posts and rushed over shouting 
‘Bravo!’ With both hands holding the 
Magic Fish, he smiled from ear to ear, 
and let us take pictures of him. It 
was natural that he was so excited, for 
only a few days before, he had failed 
to catch a big zheluo which had been 
swimming around his bait for more 
than an hour until, finally, as if seeing 
through his plot, left. After that he 
had thought that never in his life 
would he catch a zheluol

When we returned to our hotel, the 
head of the delegation began to make 
a ‘fish rubbing’ of the zheluo he had 
caught, because, he thought, it was a 
great event in his life as a fisherman.

He washed the fish clean as people 
gathered to look and carefully painted 
the fish with ink brushes following the 
fish’s original shades of colour. Then 
he covered it with a piece of white 
cloth and pressed it gently from head 
to tail. The result was a fish the same 
size and shape printed on the cloth. 
Then matter-of-factly he signed and 
printed his seal on it. He also asked a 
few witnesses to sign their names. 
Thus, he had proof of his catch and 
no one could doubt it. How interest
ing that a man could be so fascinated 
by a Magic Fish! Would more anglers, 
I wondered on my way back home, 
who were keen on Magic Fish, flock 
to fish there? G
Translated by Wang Mlngjie

1 A fish rubbing: a proud trophy 
for a Japanese angler

2 A break fyom fishing: a chance 
to take a meal and warm up



ACTA HYDROBIOLOGaCA SINICA 1959 ( 2 ) ; 2 1 5 - 2 2 0 ;

Title: Braohymystax lenok(Pallas), taimen Pallas), and
their natural hybrids in the He-lung-chiang ("Black 
Dragon" River) system, (Manchuria) China

Authors:. Hsueh, Cheng-yu, Huang Shang-vu, and Yen Jung-yuan

Affiliation: Institute of Hydrobiology, Academia Sinica, China

BraohymyJ lenok and Huoho taimen are two species.in the family 

Salmonidae, suborder Salmonidei, and order Clupeiformes. In China, 

both species are found only in the He-lung-chiang basins.

Bvaahymystaxis monotypic with only B. lenok. In Huoho, however, 

there are four more holarctic species in addition to H. taimen, e.g.,

H. huoho in the Russian portion of the Danube River drainage basins;

H. ishikiTbkziin the upper Yalu River; H. perryi in the Japan Sea and

the coastal area of the mouth of the Yalu River; and in

Szechuan Province in central China.

B. lenok and H. taimen have been studies by He-lung-chiang Fisheries 

Survey in 1957-58. The preliminary report follows:

I. The Shih-ling (llminute-scaled,,), Brachymystax lenok

Body compressed and elongated; mouth moderately large; maxillaries 

not fused, extending backward but not to the middle of eye; upper jaw 

longer than lower jaw; mouth almost ventral; eyes very large; body covered 

with minute scales, adipose fin opposite to anal fin; back dark brown, 

becoming paler downward, and belly white; moderately wide black curves 

packed on body sides; redppigmentation on sides of live fish; black spots 

on dorsal and adipose fins.

Swig;bladder one-chambered, extending from heart to anus; stomach 

large and expanded, curving as a "U", stomach wall thick with marked 

folds,; pyloric caeca tubular and about 100; gut slightly shorter than 

standard length (see Table 1).
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Table 1. Gut length and the number of pyloric caeca of the Shih-ling

Body
Weight (g)

Standard 
Length (mm)

Gut
Length (mm)

Gut Length/ 
Standard Length

Number of 
pyloric caeca

13.2 98.5 92 0.93 108

17.5 109 99 0.90 111

65.4 178 165 0.9 108

230 -— . 91

# 435 440 1.01 92

1,875 515 510 0.99 101

The Shih-ling usually weights 500 - 1,500 g, though some may reach

8 kg. Among 46 specimens examined here, the standard length ranges

between 814 - 51.5 cm and body weight between 73 - 1,875 g. Eighteen

among 26 specimens collected in the upper "El-ku-na" River and "He-shan-

tow-gun" River area on June 4, 1958 show:

Standard length (cm) 28-30-32-34-36-38-40-42-44-46 
(Number of fish) 3 2  2 5 3 2 0  0 1

Body weight (g) 300-400-500-600-700-800-900-1000-1100-1200-1300-1400
(Number of fish) 5 1 5 4 2 0 0 0 0 0 1

Reproduction and growth: The spawning time of the Shih-ling in 

the He-lung-chiang system is between late April and May. A specimen 

caught in "Luan" River on May 2, 1958 had already reached stage V of 

gonad development -- spawning phase. In early June of the same year, 

specimens at postspawning stage and juvenile of the year were collected.

Gonads of the Shih-ling had developed between stage III and IV one 

year prior to spawning (Table 2). They remain at III or (IV) during 

much of the winter. A fish with gonad developed at stages III — IV was 

collected in "Hu-ma" River in October, 1958.
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Table 2. Gonadal development of the Shih-ling

Locality Date Body Length Sex Stage

"Luan" R. V-2-58 420 (mm?) F V Ovary 1./body 1. * 1/2; 
egg diameter 4 mm; spawning

"El-du-na"
R. VII-4-58 408.5 F II Ovary wt. 2 g; postspawning

"Luan" R. IX-19-57 500 F III Ovary I./body 1. * 1/4; 
ovary 1. 165 (mm?)

"Hu-ma" R. *X-6-58 580 F III-IV Egg diam. 3 mm; ovary 250 (mm) 
long 6 25 (mm) wide

"Hu-ma" R. X-6-58 475 F III-IV Egg diam. 3-4 mm; ovary
weight 35.5 g

A specimen, 47.5 cm long, has 4,260 eggs in its ovary. Sodatov 

reported an egg number ranging between 4,700 - 7,500.

"El-ku-na" River, near the upper He-lung-chiang, "Hu-ma" River 

and "Kuan" River (at the lower reach of "Hu-ma" River) may well be 

the Shin-ling's spawning grounds. For instance, more than 10 juveniles 

less than 10 nun in length were collected in the "El-ku-na" and "Kuan" 

Rivers on July 14, 1958. So the tributaries in the upper reach of 

He-lung-chiang provide favorable spawning conditions.

The body lenth of juveniles of the year collected in the "El-ku-na"

("Wuchilov" R), Russian name, on July 14 of the same year was:

21-22-23-24-25-26-27-28-29-30-31-32-33-34 mm 
1 0 i 0 0 0 2 5 3 6 2 0 1

It may be seen that the Shih-ling may grow up to 27 - 32 nun in a  

period of two months. From the "El-ku-na" at "Mo-chih-ghan", an even 

more rapid-grown juvenile (53 mm) was collected on July 16.

The Shih-ling may reach 100 - 120 mm long and 18 - 25 g in weight 

after the first year of growth, According to Berg (1949), the fish may 

be 235 mm in two years and 300 in three years. The Shih-ling's first 

spawning occurs at four-year old.
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Food habits: The Shih-ling is mainly omnivorous. Stomach contents

found are: plant seeds, leaves, aquatic weeds, small stones, sand,

molluscs, worms, four orders of insects, fishes and other

small fishes), amphibians (frogs), etc. (Table 3).

The digestive tract of smaller fish (100 - 120 mm) generally

contains smaller food items. Fishes and amphibians were found only in

fish of 500-600 mm (and up) long, and apparently were preyed upon 
* ■

heavily.

Table 3. Food of the Shih-ling

Locality Date Std. Length (mm) Body wt. (g) Food

"Hay" R. V-26 106 13.7 Water beetles; insect 
nymphs ; plant stems

"He-lung-chiang" VI-10 178 65.4 Aquatic insects, 
plant stems

"Luán" R. V-10 280 Small fishes; 
plant stems

"He-san-tow-gun" R. VII-4 367 622.5 Insect nymphs ; 
leaves of aquatic weeds

"Luán" R. V-2 370 880 Aquatic insects; 
fishes ( Phoocinua)

"He-san-tow-gun" R. VII-4 371 612.5 Insect nymphs ; 
aquatic plants

"Hu-ma" R. X-6 405 969 Insect nymphs ; leaves; 
small stones; sands § mud

"Luán" R. IX-19 435 Molluscs, aquatic 
insects, sands

"Hu-ma" R. X-6 515 1875 Frogs; molluscs; aquatic 
insects; leaves; slits

Migration: The Shih-ling is very likely migratory, moving up to the 

tributaries during Spring and down to the "He-lung-chiang" proper in fall. 

Local fishermen have a saying: "Chih-lo, Shih-ling, seven up and eight
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down", Meaning, during July when the water temperature raised in 

"He-lung-chiang", the Shih-ling move upstream to colder tributaries, 
and move downstream after August to the "He-lung-chiang" where they 

winter.

We saw, in the winter of 1958, many local fishmen used small fishes 

as bait while ice-fishing for the Shih-ling and Chih-lo prior to the 

"He-lung-chiang" thaw. After the "He-lung-chiang" thawed, the gonads 

of specimens from "Men-lu" River at the upper "Luan" River area 

found at stage V. They were also found actively feeding with the 

digestive tract fullness index above 0.8 (stomach containing aquatic 

insects, Phoxinua, and other small fishes). It is apparent that the

Shih-ling have adequate food supply even in the tributaries as the 

fullness index was high (0.7 - 0.8 and up) in fish collected from the 

"Hu-ma" during September - October. Juveniles of the year, collected 

in the upper "El-ku-na" River in early July and in the "Kuan" in June, 

show that the Shih-ling began their upstream migration very early, well 

before the thaw of the "He-lung-chiang". Apparently, the feeding does 

not cease furing the spawning phase.

The Shih-ling are widespread in the Northeast (i.e. Manchuria).

They are found in many other river systems there. In order to fully ue 

this fish as an aquatic resources, artificial propagation should be 

started in hatcheries which could be conveniently built in the vicinity 

of reservoirs.

2. The Chih-lo, Hgahotaimen (Pollas)

Body compressed but elongated; mouth large; maxillaries marked, not 

fused, extending backward to the rear of the eye; teeth sharp, numerous 

and backward grown; teeth on tongue, jaw bones; black dots on body sides, 

arranged randomly in only a few rows; scales very small with equally 

spaced circuli but without radii.



Internal structure similar to that of Shih-ling; swimbladder one 

chambered, large and long; stomach markedly large, with the middle 

potion "U" shaped, and of two parts - anterior and posterior; pyloric 
caeca about 200; gut usually as long as body, (Table 4)

Table 4. Comparison of gut with body lengths in the Chih-lo

Body wt. (g) Body length (mm) Gut length (mm) Gut length/body length

175 255 230 0.9

220 285 285 1 . 0

375 345 260 0.8

750 425 450 1.1

1,500 490 450 0.9

1,750 565 550 0.95

2,350 590 650 1.1

It is very common to catch a Chih-lo over 5 kg. The weight of 13

specimens collected from the "He-lung-chiangH, "El-ku-na" and "Luan"

indicates that this fish can grow to rather large sizes:

(These are Chinese Scales) 3-6-9-12-15-18-21-24-27-30-33
(kg) 1.5-3-4.5-6-7.5-9-10.5-12-13.5-15-16.5
(Number of fish) 3 1 0 1 2 3  2 0  00 1

Reproduction: The spawning time of the Chih-lo in -"He-lung-chiang"

is May. A specimen (590 mm long and weighing 2350 g), collected on May

2, 1958, had its gonad developed at stages XV-V and its eggs easily

stripped out. This specimen was caught from "Men-lu" River, a cool,

clear river with a pebbled bottom.

During spawning, the parent fish swim happily above spawning grounds. 

Using the caudal fin skillfully, the fish made redds by removing pebbles 

on the bottom. Then the eggs were deposited and subsequently covered
' 2with sand. The courting behavior can readily be seen. Often 200 - 300 m .
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They stay in the spawning grounds after spawning for a period of time.
Food habits: The Chih-lo is a vigorous carnivore. It has been 

found that the digestive tract will be filled with "Shih-ling" at a 

fullness index as high as 0.95. It can also prey on frogs, small 

mammals and water ducks. Nevertheless, the small fishes are common 

food items.

Such fishes as Phoxinue, GobiQ, Hemibarbue, and

Peroottue were found in the digestive tracts of specimens examined in 

1958.

Digestive tracts of eight large specimens of Chih-lo (4 females and 

4 males, 15.5-30.5 kg), collected from the "El-ku-na" in early July, 

were empty. These fishes were spent. Apparently the Chih-lo do not 

feed for a time after the spawning and begin to feed again in fall. 

(Table 5)

Table 5. Food of the Ch-lo

Locality Date Std. 1. (mm) Body wt. (g) Food

"Luán" R. IV-30 630 1750 Phoxinu8t Peroottue frog

"luán" R. V-2 590 2350 Phoxinue

"Hay" R. IV-4 315 220 Gobio

"Hay" R. IV 6 335 310 Saurogobio

"El-ku-na" R. VI1-4 530 1500 5 stones (diam. 10 mm)

"El-ku-na" R. VII-4 900 7750 (empty)

"El-ku-na" R. VI1-4 1050 9600 (empty)

"Hu-ma" R. X-3 475 750 Hemibarbue , other fishes 
(high fullness index)

"Hu-ma" R. X-3 390 375 Fish skeletons (high fullness 
index)

Migration: The migration of Chih-lo is similar to that of Shih-ling.
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That is why the fishermen's saying "Chih-lo and Shih-ling, seven up and 

eight down". Using "connection nets" under the ice, local fishermen catch 

a large quantity of Chih-lo during the winter. The Chih-lo is actively 

feeding in winter under the ice.

3.  ffraohym /gtaa; l e n o kX Huohota im e n

These two fishes (Shih-ling and Chih-lo) are of two genera, but 

similar to ̂ sach other in many aspects of morphology and biology. Never

theless, they can be readily distinguished. Externally, the Chih-lo's 

body surface has scattered dots while the Shih-lings's black curving marks 

are larger and packed. The mouth of Chih-lo is terminal and larger while 

that of Shih-ling is smaller and subventral. Differences are also seen in 

the number of gill rakers and pyloric caeca. (Table 6)

Table 6. Comparison: B. lenoH. taimen, and hybrids

Fish taimen hybrids lenok

Gill rakers 10-12 21-22 24-28

Pyloric caeca 205-219 123 91-111

Marks on scattered black about in marks large and
sides dots between packed

Mouth position terminal; upper upper and lower upper j aw longer
jaw can not be 
seen when viewed 
from below

jaws nearly equal 
in length; a small 
portion of upper 
jaw can be seen 
from below

than lower jaw; 
upper jaw readily 
seen when viewed 
from below

One of the three specimens, collected from the "Huma" in late September -

early October, has the following body dimensions which are similar to, or

intermediate between that of B. lenok and H. taimen:

Body length 485 mm 
Std. 1. 420 mm 
Head 1. 98 mm 
Snout 1. 22 mm 
Eye diam. 19

Caudal peduncle length/depth 57/38 
Body depth 83 mm 
Dorsal fin II, 10 
Anal fin III, 9
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All three specimens show such characters as mouth position, body 

marks, pyloric caeca, and gill rakers intermediate between that of 

lenok and taxmen. They may well be natural hybrids between these two 

species.

Translated by Ting T. Kan, work not polished, b(lit readable (hopefully).
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ĵ ÿCt̂ JUAyvv» <r1 ^^^cJ2>tvH)yvc^ .^-G«o-Aä<5

^4>*s\ ¡̂ê-̂ Ovŷ  1̂ /vĈ VyL̂ ĉ  ̂
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last statement. Taimen have white 
meat and when broiled taste like 
exceptionally sweet yellow 
perch...only without all the bones.

More Tall Tales 
And the legend continues!

Some recent hunters returning 
from Asia recount a number of in
triguing fish tales. One recalled 
he was watching a duck swim
ming down a stream. As it 
drifted past him, a mammoth

FISH€RM€N'S
PARADISA

HOLDER OF THE RECORD FOR THE LARGEST 
BLACK MARLIN CAUGHT IN COSTA RICA!

Specializing in Sabater Fly Fishing and Light Tackle 
Sweet water fishing at Lake of Arenal for the Rainbow Bass.

If your partner doesn't fish, we can go on an exciting tour 
through the jungle, or go by horseback to one of the volcanos.
Miles of unspoiled beaches, clear water, and sun most of the

year.
Live your vacation in a familiar atmosphere that Hotel La Flor 

de Itabo is proposing to you because your are special! %

For information write to:
Box 52, Playa del Coco, Gte.

Costa Rica
Phone: 00506/670011 or 670292 

F*x: 00506/670003

f

m

the only ones. Roy Chapman 
Andrews, discoverer o f dincsaurs 
in the Gobi Desert and collector 
of most o f the American Museum 
of Natural History’s Asian mam
mals, tells in his classic 1920’s 
book, Acrosŝ  Mongolian Plainx of 
'** 7̂thfee foot trout which w*re 
herded into the shallows which 
also...tasted very good.”

Anglers on the 1990 Jyne ex
ploratory trip can attest to ?his

hole appeared in the river and 
the duck disappeared...fly fisher, 
men take notef^»

Another party stopped on a 
bridge to take pictures of a par. 
ticularly scenic view. One looked 
off the bridge and into the water 
There in a pool below lay huge 
logs from 4 to 6-feet long, just 
finning in the current “...and I 
left my rods at home,” he la
mented. (Note: the June 1990 ex. 
ploratory fishing trip might have 
found this location, for they did 
see large taimen in a pool below 
a bridge and managed to tempt 
one of them into hitting a mouse 
imitation lure).

A third hunter had the savvy 
to borrow a rod and reel locally 
before heading into the wilds. 
One evening he tossed a crude 
spoon into the water at a stream- 
side camp. The rod was vintage 
something, line about 50-pounds 
test of rope and the ancient reel 
belonged in someone’s collection.

The lure hit the water and in
stantly “...a fish of about 50- 
pounds nailed it, jumped a 
couple times and headed 
downstream. I held on, but the 
reel froze and exploded into bits 
and pieces! End of fishing!”

The largest recorded huchen 
(Hucho hucho fiucho), also 
known as the Danube salmon, 
was one of 132 pounds (73.2 in
ches) caught in the Danube 
River, January 9, 1873. The 
largest known taimen was a 231* 
pounder (84 inches) netted com
mercially 1943 in the Kotui 
River.

Data on record taimen sports 
catches are very sparse, particul* 
ly in the USSR and Inner Asia» 
In 1990, one spincasting fisher
man from the first Asian ex
ploratory trip did hook a taimefl 
estimated to be well in excess 
100 pounds, but it broke off* 
Soviet Union fly fishermen, ho*- 
ever, have landed ones in the 
pound range.

The fact that taimen attain 
larger size than huchen is due 
two factors: primarily ta*meI\!£  
habit larger rivers, often to the» 
estuary, and ^Cig{nann^.rule» 
which in simple terms states  ̂
members of a genus or sp ec^  
tain larger size the further no 
in latitude (or south in the 
Southern Hemisphere) they e
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Systematic Ichthyologists of P* R. China

CHEN, YIN-RUI Dept, of Vertebrate, Kunming Institute of Zoology, Academia Sinica, 
Kunming, Yunnan, P.R. CHINA
Current work: (1) Taxonomy and evolution of cavefishes of China; (2) the phylogeny 
and zoogeography of the cyprinid genus Spinibarbus (with Dr.Yan); (3) the biology 
and fishery problems of the fishes from Fuxian Lake of Yunnan.

CUI, GUI-HUA Department of Vertebrate Taxonomy, Kunming Institute of Zoology, 
Academia Sinica, Kunming, Yunnan, P.R.CHINA
Current work: (1) Taxonomic research of the genus Sinocyclocheilus; (2) collecting 
the basic information for creating the database of Yunnan fishes; (3) continuing 
study on phylogeny of the genus Discogobio; (4) in collaboration with Dr. W. Zhou, 
revision of the genus Tor of Lancangjiang River Basin (upper Mekong), China; (5) in 
collaboration with Dr. W. Zhou, research on the sucking disc differentiation of the 
genus Discogobio.

FANG, FANG Researcher, Institute of Zoology,Academia Sinica, 19 Zhongguancun Road, 
Haidian, Beijing 100080, P.R.CHINA
During the last three months of 1992, Fang Fang was a guest researcher at the 
Swedish Museum of Natural History in Stockholm studying freshwater fishes of China 
and Sri Lanka.
Current work: (1) Taxonomic revision in subspecies of the cyprinid fisher 
(Leuciscinae and Culterinae) from China, based on morphological and molecular 
methods; (2) ultrastructure of spermatogenesis and testis in the prickly sculpin, 
Trachidermus fasciatus Heckel; (3) a project on the fish biodiversity in Yunnan is 
planned.

LI, MIN-DE Department of Biology, Nankai University, 94 Weijin Road, Tianjin, 
P.R.CHINA
Current work is not known.

LI, SI-ZHONG Research Professor, Fish Museum, Dept, of Vertebrates, Inst, of 
Zoology, Academia Sinica, Zhongguancun St.Haidian, Beijing, P.R.CHINA 100080
Current work: (1) Chinese codfisher (Gadiformes); (2) soldierfishes (Beryciformes); 
(3) Ophidiiformes; (4) the ichthyofauna of the Huanghe River (Yellow R.); (5) the 
geographical distribution of the Chinese freshwater fishes.

MENG, QINGWEN Professor of Ichthyology, Dept, of Aquaculture, Shanghai Fisheries 
University, 334 Jun Gong Road, Shanghai 200090, P.R.CHINA
Current work: (1) Study on the development and function of filter organ of silver 
carp; (2) systematical anatomy of shark and skate; (3) study continues on the 
systematics of the Chondrichthyes of China.

QIAO, X.G. Division of Ichthyology, Department of vertebrate, Institute of Zoology 
Academia, Haidian Beijing 100080, P.R.CHINA
Current work: Study on the fishes Salangidae of China.

TIAN, MING-CHENG Associate Professor, Dept, of Vertebrate Zoology, Institute of 
Oceanology, Academia Sinica, 7 Nan-Hai Road,Qingdao 266071, P.R.CHINA
Current work: (1) China-Germany biological expedition to Hainan Is. (Marine fishes, 
with Dr. F. Krupp); (2) systematic study on Pempheridae, Ephippidae, Drepanidae, 
Scatophagidae and Oplegnathidae of China.
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Systematic Ichthyologists of P. R. China

WU, HAN-LING Professor of Ichthyology, Laboratory of Fishes, Shanghai Fisheries 
University, 334 Jun Gong Rd., 200090, Shanghai, P.R.CHINA
Current work: (1) Eutaeniichthys sinensis, a new species of gobiid fish from 
southern China (with Seishi Kimura); (2) study on deep-water macrouids of the South 
China Sea (with Osamu Okamura); (3) study on the taxonomy and the distribution of 
Chaenogobius collected from China (with Zhong); (4) continuation and expansion of 
work on the ichthyofauna of Gobioider from China.

YANG, JUN-XING Dept, of Vertebrate, Kunming Institute of Zoology, Academia 
Sinica,Kunming, Yunnan, P.R.CHINA
Current work: Study on the cave fishes from Guangxi province; (2) the phylogeny and 
zoogeography of the cyprinid genus Spinibarbus (with Dr. Chen); (3) the phylogeny 
and zoogeography of the loaches Yunnanilus and Triplophysa; (4) the taxonomy of 
Cobitidae and Balitoridae of southern China.

ZHENG, WEN-LIAN Research Full Professor, The Laboratory of Marine Experimental 
Biology, South China Sea Institute of Oceanology, Academia Sinica, Guangzhou, 
P.R.CHINA
Current work: (1) A taxonomic study of the Chinese carangoid fishes; (2) taxonomic 
and biological studies of fishes of Daya Bay, Guangdong Province.

ZHOU, WEI Department of Vertebrate Taxonomy, Kunming Institute of Zoology, Academia 
Sinica, Kunming, Yunnan, P.R.CHINA
Current work:, (1) Revision of the genus Tor of Lancangjiang River Basin (upper 
Mekong), (2) research on the sucking disc differentiation of the genus Discogobio; 
(3) continuing study on phylogeny of the genus Cyprinus.
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Letter from Li, Sizhong (summary)

My papers related to salmonid fishes are :

1) The geographical distribution of fishes in Huang River

2) . A new species of Brachymystax lenok in Shanxi Taibai

3) . An investigation of fishes in the Northern Xinjiang

4) . The geographical distribution of fresh water fishes in China

/ _

5). Discussion on the geographical distribution of the salmonid fishes in China

^  gj Uvfly '

1$ r» Viŵ (2y»« f #

I was bom in Feb. 19, 1921. Although I was retired in 1987, I have been still working in the 

Zoological Research Institute of Academia Sinica. My research interest , is the study of 

geographical distribution of fresh water fishes in China. I would like do some research with 

foreign partners. It would be very nice If I had the chance to go to the US. I hope I would 

know more about Dr. Behnky and his research interest as well as his suggestions on our 

cooperative work.
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General Translator's notes concerning "Discussion on the Geographical Dis
tribution of the Salmonid Pishes in China" (Li Sizhong) and "A Study on the 
Tangtzekiang Salmon, Huoho hleekeri Kimura" (Liu Chenhan and Kazuhiko Sato)«

1. In both of the abovementioned articles, almost all place names and per
sonal names are in Chinese; these have been transliterated into Roman letters 
in the translation.

2. The first of the abovementioned articles was originally written in Chinese, 
and subsequently translated into Japanese. Some technical terms were not 
found in Japanese references, and may have been left in Chinese in the Japanese 
translation. In the case of doubtful terms, translator's notes were entered in 
the text of the translation.

3. The second of the abovementioned articles is incomplete; the text ends 
in mid-sentence.
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Discussion on the Geographical Distribution of the Salmonid Fishes in China** 

Li Sizhong (Translated by Kazuhiko Sato)

In Classical Chinese literature, a reference to gui (fish name— Trans

lator) is seen in the following passage in the Lun wei, written by Wang ch'ung 

(27 -to 107 A.D.) of the Later Han Dynasty* "The liver of gui is fatal to hu

mans";^ However, this gui refers to a puffer (a tetraodontiform fish— Trans

lator). Salmonidae began to be referred to as the gui family (Chinese name 

for the family— Translator) in the Tung wu hsueh ta tzu tien ("Comprehensive 

Dictionary of Zoology") (1923) of Tu yach'uan (illegible character——Transla

tor). The principal characteristics of fishes in the family Salmonidae are 

as follows* Such fishes have teeth in their main upper maxilla, dentine, 

vormer, palate bone and tongue; the fishes have no spiny rays or spines in 

their fins; the fishes have two dorsal fins, with the posterior fin being an 

adipose fin; the pelvic fin has seven or more soft rays and is located in an 

abdominal position, with a projection at the base; except for the head, the 

body is covered with cycloid scales; the fishes have lateral lines; the gill
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membranes are separated and are not oonneoted to the |Chann5Ij area (?) (doubt

ful term— Translator) ? the number of branchiostegal rays ranges from 7 to 20, 

and the fishes have premaxillae (?) (doubtful term, literally "middle crow 

bill bones"— Translator) and auxiliary maxillae (lit. trans.— Tr.); the 

parietal bones are located between the frontal (?) and upper occipital (?) 

bones (doubtful terms— Tr.) (e. g., in the genus Ooregonus) or on both sides 

(e. g., in the genus Oncorhynchus); some species have membrane-form wedge

ear bones (lit. trans.— Tr.) and upper frontal gill cover bones (lit. trans.—
\ caeca

Tr.;, and some species do not? the number of pyloric pflapl (lit. trans.— Tr.)

ranges from 11 to 210; and the swim bladder has a duct which connects with 

the gut.

The first fossils of such fishes are Mesozoic and Cenozoic fossils dis

covered in Europe (Berg, 1940). Originally, such fishes were freshwater or 

river-ascending migratory fishes living in cold-water regions of the northern 

hemisphere? however, they were transplanted to the southern hemisphere several 

decades ago. There are currently approximately 68 living species belonging to 

nine genera in three sub—families. These fishes have an extremely important 

economical significance for the fishing industry (Nelson, 1976). Professor 

Wang Ik’ang (1958) previously noted a total of 13 species and subspecies in 

China? according to available data, however, 8 genera and 14 species, or 17 

species and subspecies, are currently known. Next, we will set forth a brief 

analysis with an emphasis on the geographical distribution of fishes belonging 

to the family Salmonidae, and will then discuss this distribution in detail.
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Figure 1. Distribution map of Salmonidae in China.

Keys 1. Amur river system, 2. Touman/Suifen river system, 3. Irtysh river 

system, 4. Yalu river system, 5. Source stream of the Wei river (Yellow river 

system), 6. Upper reaches of the Lo river/upper reaches of the Ch'aopai river, 

7. Hun river system, 8. Upper reaches of the Yangtze river, 9. Upper reaches 

of the Tsinling Nanluan Han river (Translator’s notes "Han river of the south

ern foothills of the Tsinling mountains") (Yangtze river system), 10. Tachia 

river, 11. Yatung (Ganges river system).
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Table 1. Distribution table of Salmonidae in China. (Translators note* 
in this table and elsewhere, double parentheses enclose translator’s 
notes (mainly Japanese fish names, etc.) made by 'Sato, the translator 
who translated the present article from Chinese into Japanese.)

Key* a. Species name, b. River systems in which species is distributed, 

c. Amur river system, d. Suifen river/Touman river, e. Irtysh river system, 

f. Middle and upper reaches of the Yalu river, g. Upper reaches of the Wei 

river (foothills), h. Upper reaches of the Ch’aopai river and Lo river, i. 

Upper reaches of the Hun river, j. Upper reaches of the Yangtze river in 

(continued)
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Szechwan and Ch'inghai, k. Upper reaches of the Tsinling Nanluan Han river,

1. Upper reaches of the Tachia river in Taiwan, m. Tibetan Tatung (Ganges 

river system), n. ((Brown trout)), o. ((Amur Itou)), p. ((Korai Itou)) *Trans- 

lator's note (by Kimura— Tr.): correctly, "Mori”, q. ((Choko Itou)), r. ({|- 

wana)), s. ((Oshorokoma)). t. (Land-locked type), u. ((Karafutomasu)). 

v. ((.Sake)), w. ((Sakuramasu)). x. (Land-locked type) ( (Yamame)). y. ((Tai- 

wan Yamame)). z. ((Kokuchimasu)). a*. ((Tsinling Kokuchimasu)). b*. Total:

17 speoies and subspecies, o'. + » distributed, @  « artificially trans

planted, @  1 distributed in downstream river mouths (distributed in rivers

mixed downstream), * * migratory species which return to river mouths in or

der to ascend rivers and lay eggs. At the present time, most taxonomists do 

not believe that subspeoies are formed in identical environments. According 

to this view, Salvelinus malma ourilus Pallas and Onoorhynohus masou ishikawai 

Jordan et McGregor are not subspecies, but rather land-looked variants within 

species.

Analysis of Current Distribution of Salmonidae in China

1. It is seen from Table 1 that Salmonidae are distributed in 11 areas 

in China (Figure l). The genera, species and subspecies distributed in each 

area are as shown in the distribution table. According to past survey re

sults, the brown trout in the Tatung region of southern Tibet were transplant

ed to the Ganges river system from England a century ago, and subsequently 

diffused into the Tatung region!^ The distribution of ((Tsinling Kokuchimasu)) 

(Translator’s note: i. e., Brachymystax lenok tsiniingensis Li) in the 

T'aipai river and Hsü river (Han river system) of the southern foothills of 

the Tsinling mountain range is a result of transplantation from the Heh river
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(northern foothills of the Tsinling mountain range, Han river system) to the 

southern foothills around 1940 hy a certain Chu Minsung of the town of Shih— 

chentzu in the district of Chouchihi^* ^  Accordingly, the natural distri

bution of the family consists of a total of 10 areas.

2. Looking at the distribution table, it is seen that the naturally 

distributed genera and species are concentrated in the north. Por example,

10 species are found in the Amur river system. 8 of these species are found 

in China, and 8 are also found in the Touman and Suifen rivers.^* ^  Five 

of the species áre fi'iwer-liRyath migratoryl fish which ascend rivers in order 

to lay eggs, and two species are land-locked species which never descend to 

the sea. The large number of species in the north is due to the nearness to 

river mouths, and to the great influence of cold currents flowing along the 

northeast Asian coastline. Next, Stenodus leucichthys nelma. whioh is wide

ly distributed in rivers flowing into the Arctic ocean (from the Dvina river 

in northern Europe to the Anadyr river) and the northern part of the Bering 

sea, lives in the Irtysh river system!^*  ̂ Three species are distributed

in the Yalu riveri  ̂ Each of the remaining areas has one species eachi^,*̂ ,‘̂ ^

3. It is seen from the distribution map that Salmónidas have a strong 

affinity for cold water. Salmonid fishes are widely distributed in the arctic 

zone and northern parts of the temperate zone in the northern hemisphere; this 

is especially conspicuous in the case of Coregoninae. The few genera and spe

cies distributed in warmer zones are all restricted to mountains of high alti

tude. The reason for this is that air and water temperatures are relatively 

low in mountainous areas.
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4» Salmonid fishes originated in the arctic zone of the Eurasian con

tinent, and reached China hy progressing southward during the glacial epoch 

of the Quaternary periodi 9 9 Accordingly, the species distributed in

China are relic fishes from the glacial epoohi*^ Furthermore, Salmonid fishes 

reached the Irtysh river and the Sunghua and Nun rivers, etc., after the sep

aration of the Irtysh river and Ulungur river in Sinkiang^* from the 

Liao, Sunghua and Nun rivers to the northeast. If this were not the case, it 

would be difficult to understand the cause of the differences in current dis

tribution between the abovementioned river systems. The Choko Itou (H. 

bleekeri Kimura-—Translator) of the Min and Tatu rivers on the upper reaches

of the Yangtze, and of the Hsu river on the upper reaches of the Han, the
*2Tsinling Kokuchimasu (B. I, tsinlingensis Li— Translator) of the upstream 

mountainous regions of the Wei, Ch'aopai, Lo and Hun rivers and the Taiwan 

Yamame (0. m. formosanus Jordan et Oshima— Translator) reached the Yellow Sea 

and the southern part of the East China Sea via the Sea of Japan during the 

second-to-last cold glacial period (Lushan glacial period) or the last Tali 

glacial period. Subsequently, as a result of a warming trend in the climate, 

roost of these fishes either retreated to the north or became extinct. However, 

small numbers escaped and remained in current mountainous regions, forming sev

eral isolated distribution areas. Furthermore, the migratory Sakuramasu ((On- 

oorhynohus masou roasou)) and the land-locked Sakuramasu ((C). masou masou)) cur

rently live in the river systems on the eastern side of the Korean peninsula^12  ̂

and in the Touman r i v e r ^ ,  etc. The reason for this is that cold currents 

along the coast are strong in these areas even today. On the other hand, Tai

wan is surrounded by warm currents from the north Pacific; as a result, the
m_ ̂ , r« •ŝ'r ITaiwan Yamame has become a land-locked subspecies which is ptobed into the Tar- 

chia r i v e r F u r t h e r m o r e ,  the land-locked Sakuramasu of the Touman river has



a small body, and the sex glands of the male mature only in the reproductive

stage. Moreover, the ovaries of the female only reach stage II (sic Tr.).

However, the reason for these phenomena is unclear.

Figure 2. Conceptual map of the water systems of the Yellow Sea and 
the East China Sea during the period of recession of the seas at the 
end of the Pleistocene epoch. According to LindbfSf (transliteration- 
Tr.) (1955)« Cited from Nishimura (19 6 7). Slightly modified by the 
author.

5. The Tsinling Kokuchimasu distributed in the upstream regions of the

Wei river, C h ‘aopai river, Lo river, Hun river and Han river (of the Korean

peninsula), etc., shows clear differences from the subspecies distributed in

northern rivers such as the Irtysh river and Amur river, etc.} i. e., the

number of pyloric ffTspB (lit. trans.— Tr.) (51 to 7 5 ) and the number of gill 
r / _ |êT  "pf-elk

rakes (lit. trans.— Tr.) of the /primary grill (l8 to 23) are pmati, the spots 

on the body are large, the body length is short, maturation is rapid, and 4 to 

5 black spots are present at the base of the dorsal fin, etc. ((The ancestral
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species of the Tsinling Kokuohimasu)) probably reached the southern part of 

the Yellow Sea during the final glacial period and the preoeding glaoial per

iod, and subsequently reached the upstream portions of the Han river of the 

Korean peninsula via the Great Eastern River of the Yellow Sea (Translator’s 

note* the preoeding term is apparently a reference to a river which existed 

during the Pleistocene epoch, and which is now submerged in the Yellow Sea.), 

and also reaohed the upstream portions of the Wei river, Ch'aopai river, Lo 

river and Hun river via the old course of the Yellow river from the Great 

Eastern River of the Yellow Sea and the Yangtze river. At that time, it ap

pears that the Gulf of Chihli had already sunk to form lowlands, but had not 

yet become sea. It appears that sea water entered the Gulf of Chihli from 

the Yellow Sea via the straits of the Gulf of Chihli (area of the Miaotao 

island chain) after the glacial period at the end of the Pleistocene epoch 

beginning of the Holocene epoch (Translator's note« the term translated 

as "Holooene" is not listed in Japanese references, and may actually be a 

Chinese term; however, the context indicates that "Holocene" is almost cer

tainly the intended meaning.)»  ̂ Originally, the Liao river and Hun river, 

etc., flowed together and then flowed to the southwest via the lower reaches 

of the old course of the Liao river. This river then joined with the Lo river 

and Ch'aopai river, etc., and reached the area of Tungp'ing lake and Tushan 

lake on the west side of T'aishan (Mount T'ai— Translator) from the southern 

portion of the Gulf of Chihli. The river then joined with the Yellow river, 

flowed southward^*0 ) and emptied into the sea via the Great Western River of 

the Yellow Sea (Figure 2). As a result, the varieties of Tsinling Kokuohimasu 

which currently inhabit these regions resemble each other.

6. Some scientists believe that the formation of new species in nature
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is extremely slow, and that although new subspecies may have been formed in 

the short span of 20,000 years which has passed since the last glacial period, 

new species cannot have been formed^13) If this view is correct, then the 

Kocho Itou (Hucho bleekeri) and Korai Itou (H. ishikawai) are the same species 

as the Amur Itou (H. taimen), and the differences between these fishes are 

differences between geographical subspecies. No final conclusion regarding 

this question can be reached until geneticists have attempted cross-breeding 

and ascertained whether or not the offspring produced are fertile.

7. Many salmonid fishes are used as food, and such fishes are therefore 

important from an economical standpoint. The artificial transplantation of 

such fishes has been widely practiced in foreign countries in the past, and 

favorable results have been obtained. Domestically as well, favorable results 

have been obtained in transplantation to the Tatung region of Tibet and to the 

southern foothills of the Tsinling mountain range. Accordingly, I would sug

gest that fishery experts consider the great possibility of sucess in trans

planting fishes of the genera Thymallus. Brachvmystax. Hucho and Oncorhynchus 

to mountain streams on the upper reaches of the Yellow river, Chinsha river, 

Lants'ang river, Tar... (illegible characters— Tr.) river and Tarim river, etc. 

If success were once achieved, the benefits would last forever. It is worth 

assessing the situation and making an attempt.

♦Translator's note: context would indicate a possible reference to the 
Yarkand river, a tributary of the Tarim river; however, poor legibility 
makes identification of this river uncertain.
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Figure 3. Coregonus ussuriensis Berg (Miyaji, 1940).

Figure 4. Stenodus leuoichthyB nelma (Pallas) (Jordan and Thompson).

Figure 5. Thymallus arcticus aroticus (Pallas) (Jordan and Thompson).
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Figure 6. Thymallus aroticus grubei Dybowski (Miyaji, 1940).

Figure 7* Huoho taimen (Pallas) (Miyaji, 1940).

Figure 8. Brachymystax lenok lenok (Pallas) (Jordan and Thompson).
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Figure 9. Braohymystax lenok tsinlingensis Li (Li, (illegible date__Tr.)).

*1* The author is grateful to Mr. Wang Huimin for his cooperation in the 

preparation of the drawings in the present paper.

*2s The author is grateful to Mr. Wang Hsiangt’ing of the Department of Bio

logy of (illegible characters— Tr.), Mr. (illegible characters) of the Shen

si Animal Research Institute, Mr. Wang ...yuan (unidentifiable character__Tr.)

of the (illegible characters— Tr.) Museum and Mr. (illegible characters— Tr.) 

of the Liaoning Freshwater Fishery Research Institute for providing data con

cerning the distribution of the Tsinling Kokuchimasu in the Wei river, Ch'ao-

pai river, (illegible characters— Tr.) and Hun river of Kansu and Shensi Pro
vinces.
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A Study on the Yangtzekiang Salmon, Huoho bleekeri Kimura 

Liu Chenhan and Kazuhiko Sato

There are reportedly five living species of the genus Huoho in the 

world. Among these, Hucho bleekeri Kimura was announced as a new species 

in 1934 on the basis of a specimen collected by Mr. Shigeru Kimura during 

the Yangtze river fish-collecting expedition of Dr. Kenkichi Kishigami (1927 

to 1929). Of the five known species, this species is distributed farthest 

south. So far, this species is known to be distributed in restricted areas 

of the upstream tributaries of the Yangtze river, the Han river (Hsu river), 

the Min river and the Tatu river between 29 and 34 degrees north latitude. 

Furthermore, this species is a "land-looked" fish, which is rare in China, 

and is therefore important for gaining an understanding of the origin and 

historical changes of the family Salmonidae.
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However, since the discovery of this speoies, there have been few re

ports on the species even in China, and no detailed reports have appeared in 

Japan. This paper was written for the purpose of summarizing and introducing 

past reports on the species which have appeared in China.

Collection Records

Shigeru Kimura (Kimura, 1934) collected one specimen with a total length 

of 280 mm in the district of Kuan on the upper reaches of the Kin river in 

Szechwan Province. In 1944» Chang Hsiaowei collected two specimens with re

spective total lengths of 329 mm and 518 mm, and respective body lengths of 

282 mm and 458 mm» in the district of Kuan on the Min river and at Ngopien on 

the Tatu river. In 1957, Chang Ch'unlin and Liu Chenhan collected two speci

mens with total lengths of 468 mm and 538 mm in the district of Kuan. In 

1984» Liu Chenhan collected two specimens with body lengths of 374 mm and 

504 mm at Apa and Luting on the Tatu river. In 1978, Kao Hsichang collected 

10 specimens in the district of T ’aipai (on the upper reaches of the Tatu 

river) in Shensi Province. In 1979, Wu Yunfei et al. collected specimens 

with respective total lengths of 430 mm and 720 mm, and respective body lengths 

of 375 mm and 640 mm, in the district of Pan (Mak'o river on the upper reaches 

of the Tatu river) in Ch’inghai Province.

*
Thus, there are collection records for approximately 20 specimens of 

this speoies, and these specimens are preserved at the Marine Biology Re

search Institute of the Chinese Academy of Sciences, the Ch'inghai Plateau 

Research Institute, the Shensi Province Animal Research Institute and the 

Biology Department of Szechwan University. Furthermore, it appears that
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there are no specimens of this species outside of China

Morphological Characteristics

The body is long and slender, and has the form of an offset spindle.

The ratio of body length to body height is 5»5 to 6, the ratio of body
sn e c T

length to head length is 3.9 to 4*2, the ratio of head length tofproboscis

length is 3.5» the ratio of head length to eye diameter is 5.2, the ratio

of head length to distance between the eyes is 4» and the ratio of JpTO=-

'bosoisllength to eye diameter is 1.5 to 2. The dorsal fin has 7 to 12 soft

rays, the pectoral fins have 13 to 16 soft rays, the abdominal fin has 8 to

10 soft rays, and the anal fin has 8 soft rays. The number of scales along

the lateral lines is 120 to 146, the number of scales forward of the dorsal

fin is 72, the number of scales pidewaysi above the lateral line is 36, and
,, lsr

the number of gill rakes (sic— Tr.) of the(primary gills/is 5 + 9  (14). The

head is somewhat broad, and the vertex is more or less flat. The tip of the 
ytri ou lTproboscis is slightly pointed. The upper jaw protrudes slightly forward of

the lower jaw; the mouth is large and obliquely split. The gill openings
a ■sT'h iv ia i

are large, and the gill membranes do not connect with the channels (sio— Tr.).

The eye diameter is relatively large. The distance from the (Starting point

of the dorsal fin to the base of the(tail/fin is slightly shorter than the
<;h o oTi&rM'HH

distance to the tip of the proboscis. The fat apt lngpo nit; of the dorsal fin
d i n  p e l v  i c

is positioned farther forward than the (starting poinU of the ̂ abdominal/ fin. 

There is one adipose fin located to the rear of the dorsal fin; the distance 

from this adipose fin to the tail fin is slightly shorter than the distance to 

the dorsal fin. The tips of the peotoral fins are slightly pointed. The anus 

is located in a position close to the anal fin. The tail fin is forked, and
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the tips are indented into a orescent shape. The mouth contains maxillae and 

vormer bones, and fine teeth are densely distributed on the palate bone. 10 

or more fairly large teeth are present on the hyoid bone. (Translator's note* 

in regard to the abovementioned bones, note that there is no singular/plural 

distinction in the original Japanese, and the translator is unfamiliar with 

the specific anatomy involved.)

Distinguishing Characteristics

In his original description, Kimura points out that "this species is 

very similar to Salmo pomatops Bleeker; however, it can be distinguished 

from other species of the genera Salmo and Hucho by its slenderer body and

slightly larger number of scales, and especially by the shape of the vormer

and the arrangement of teeth".

Correction of Original Description

As a result of a detailed comparison of the 10 specimens collected in 

the T'aipai district of Shensi Province and the specimens stored at the Ma

rine Biology Research Institute of the Chinese Academy of Sciences, Kao Hsi- 

chang (l975) has noted the following: "In his original description, Kimura

notes that 'the voilner is fairly flat, and the columnar portion is not in-

dented. There are four small teeth at the front end. There are no teeth on 

the columnar portion; however, four teeth are arranged on the edge of the
Avormer*. However, this is an observational error. Furthermore, Kimura noted 

that the number of teeth on the tongue (sic) was 6 + 6 ,  and then later erron-
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eously viewed these as vo?mer teeth, and separately described them once again”. 

Thus, Kimura erronedfsly described the presence of four small teeth on the edge 

of the vo^ner. Actually, there are two coarse (?) (doubtful term— Tr.) teeth 

at the front end of the voimer, and conspicuous projections on the inside near 

the base. There are no teeth on the columnar^portion or edge of the columnar 

portion.

Distribution

The present species is currently known to be spottily distributed only 

in the upstream portions of three tributaries (Han river, Min river and Ta-
t

tu river) on the upper reaches of the Yangtze river in a region (.29 to 34 

degrees north latitude) including portions of three provinces, i. e., Sze

chwan, Shensi and Ch'inghai.

Living Habits

The color of the body is silvery white, and the back is dark brown.

There are small, irregular spots on the sides of the body and the gill covers. 

The spots of the male are black, while those of the female show a slightly 

reddish color. Clear grooves and irregularly spaced annual rings can be 

seen on the scales; accordingly, the age of the fish can be distinguished, 

and its growth estimated, by means of the scales. According to this measur

ing criterion, the body length of a year-old fish is 150 mm, that of a two- 

year-old fish is 280 mm, and that of a three-year-old fish is 463 ram. The 

maximum body length is in excess of 1 meter, and the body weight reaches 20 

kg. The fish likes clear, oxygen-rich mountain streams with gravel bottoms.
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The fish is a strong, active swimmer, and is usually solitary. The fish eats 

fishes of the genera Schizothorax (Translator's note: original actually reads 

"Schzothorax", tout this is apparently an error.) and Nemachilus, and insects 

of the orders iiphemeroptera and Coleoptera, etc. The egg-laying period is 

March to April, and egg-laying is performed on a sunny gravel "bottom. Fur

thermore, on the upper reaches of the Min river, there is a water rat that 

eats the eggs after they have been laid. In its habitat, the fish is easily 

caught in the winter; since the fish returns to upstream tributaries in the 

spring in order to lay its eggs, it is easily caught in upstream areas in the 

summer. In the area of its habitat, the fish is referred to as "maoryu" ("cat 

fish") or "huyU" ("tiger fish"). The reason for this is that the fish has a 

large head, a broad ^rotoscis and a large number of teeth, and thus has some 

resemblance to a cat in terms of its head. The body of the fish is large and 

the flesh is tender; accordingly, the fish is an important food fish in areas 

where it is found.

In China, the genus name Hucho has been translated as "hu.iia fish". Since 

the present species was first discovered in Szechwan Province, it was given 

the name "Szechwan hu.iia" (Chang Ch'unlin, 1957). After later being dis

covered in Shensi Province, the fish was also referred to as "Chwanshen chelo 

gui"(Li Sizhong, 1981). Furthermore, the fish is also known as "Szechwan chelo 

gui'V (Kao Hsichang, 1983) and "Changkiang chelo gui" (Li Sizhong, 198 4).

Investigation of Origin

The views of Liu (1957) and Kao (198 3) concerning the origin of H. bleeker- 

i are as follows:
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Of the five aforementioned speoies of fish belonging to the genus Hucho,

H. hucho is distributed in the Danube river system, H. taimen is distributed 

from the upper reaches of the Volga and Pechora rivers in the west to the 

Amur river in the east (including the basins of the Amur river, Sunghua river, 

Ussuri river and Irtysh river in China), H. ishikawai is distributed in the 

Yalu river system, and H. perryi is distributed in Hokkaido, Karafuto (Sakha

lin Island——Translator) and mainland coastal areas (poss. reference to Pacific 

maritime regions of Soviet Union?— Translator). H. hucho and H. taimen are 

riverine fishes, while H. ishikawai and H. bleekeri are land-locked fishes.

H. perryi lives along the middle and lower courses of rivers, and descends to 

the sea. In regard to the origin of H. perryi, which is the only species of 

the genus Hucho that descends to the sea, Nishimura (1977) has made the fol

lowing remarks: "This speoies is distributed in the region around the north

ern part of the Sea of Japan? however, it may be surmised that the ancestral 

type of this fish was a lake-dwelling fish. The lake in question was the 

'•Sea of Japan Lake”, which apparently existed as a large freshwater lake at 

the time. Then, when the "Sea of Japan Lake” was transformed into ocean, the 

fish transferred its life cycle (including reproduction) to the middle and 

lower courses of rivers flowing into the Sea of Japan. At the same time, the 

adult fish aoquired a resistance to salinity, and acquired the characteristic 

of desoending to the sea during non-reproductive periods". This argument 

suggests that the characteristic of descending to the sea shown by H. perryi 

is something that was aoquired a. posteriori by a species of freshwater origin 

in the course of its evolutionary development. Furthermore, this would seem 

to support the theory that fishes of the genus Hucho originated in fresh water.
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H. bleekeri is distributed only in a small region on the upper reaches of

the Yangtze river south of the Tsinling mountain range. The fish does not 

inhabit the basins of the Liao, Lo and Yellow rivers, etc., north of the 

Tsinling mountain range. The current center of distribution of the genus 

Huoho is in an area of Siberia located in the Arctic Ocean flow region (Trans

lator's notes i. e., region of rivers flowing into the Arctic Ocean), and it 

is surmised that the genus Hucho originated in this area. H. bleekeri ap

parently reached its current distribution area south of the Tsinling mountain 

range from the abovementioned area of origin. Furthermore, the fact that 

the species does not oocur north of the Tsinling mountain range indicates that 

there is little likelihood that the species expanded its distribution area from 

north to south via inland water systems.

There were four glacial advances and retreats in China during the Quater

nary epoch of the Cenozoic era. During this period, there were major changes 

in climate on a global scale. In the western part of China at this time, 

mountainous regions from the northeast to the area of Huape (?) (Chinese 

place name?——Translator) were covered by glaciers ...

(Translator's note: original text ends in mid-sentence at this point.)

8
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The China Reconstructs article then moves on to relating the events of 1985» and essentially confirms the previous report (above). In July» a group of biology and geography students arrived at Lake Hanas to draw up plans for a possible nature reserve In the area. On July 24» the students» led by Professor Xiang Llhao (not Xiang Llgai)» climbed to an observation tower built 2 years earlier on the lake's western side. A student pointed to a part of the lake» exclaiming» "Look» what's that?" Everybody saw several large reddish shapes on the lake's surface about 1»000 feet distant. The objects reportedly formed a triangle and then a straight line. One of the students had taken along a pair of binoculars» and used them to observe the red objects. "They look like fish!" he exclaimed.
Professor Xiang took the binoculars and observed the objects» concurring with the student's assessment. However» the article does not mention the

professor's previously reported opinion that the fish were salmon. All it states is that "fish of this description" are found in the Arctic Ocean "and the river systems connected with it."

The next morning Professor Xiang was back at the observation tower with binoculars and camera. At 9 a.m. he spotted the giant» slow-moving fish again» and observed them pushing their heads above the surface. Their heads were reportedly the siẑ jof automobile tires. As the sun rose» more fish became visible» until about 60 were observable. "He took as many photos as he could»" Wen wrote, "and from one of his color shots it was possible to estimate the length of one [fish] stretched out over the distance between two trees on the bank—more than 10 meters" (about 33 feet). The professor continued observing al 1 day, and as the sun began to set the fish gradually disappeared from sight.

On July 27, an attempt was made to actually catch one of the fish. The students had two extra large fishhooks made by a blacksmith at a village 40 miles away, bought 300 feet of nylon rope, and made a raft from a tree trunk. They then attached sheep legs to the hooks, which were fastened to the rope, and sank them in the lake where the giant fish had been seen. They tied the other end of the rope to a large tree on the bank. Nothing took the bait for 2 days, and on the third day they replaced the sheep legs with wild ducks. This attempt also failed to produce a specimen.
To end the article, Wen asks if the denizens of the lake are "merely large fish." In fact, 30-foot salmon would be truly phenomenal, and monsters in their own right. The largest strictly freshwater fish in the world are only 10 to 15 feet in length (see Wood's Animal Facts column, this issue). Hopefully, additional information will eventually reach the Society. □

BLUFF CREEK
Most persons interested in Sasquatch will have heard of— or even seen--the famed 1967 Pat terson-Giml in film footage» labeled a hoax by debunkers and the best evidence on record by many proponents» including a number of scientists. Roger Patterson died in 1972» but Bob Gimlln» the less wel 1-known of the two» is alive and well in Yakima» Washington. He was interviewed in December 1985 by Ed Pehhale of the Seattle Post- Intelligencer» who described him as "a slow-talking cowboy who raises quarter horses."
"I'd have been better off if I said a long time ago that I believe it was a man in a fur 8ult because I took so much ridicule about it»" said Gimlln» who has never profited financial ly from the film. "But

REMEMBERED
Roger's been dead a long time now, so I kind of feel I owe it to people to tell about what we saw. We made the bend [in Bluff Creek, northern Callfornla]... here this thing stood by the creek, just stood. We were on one side of the creek, and the creature on the other, and our horses went crazy. Roger's little horse just went bananas." Patterson then reportedly grabbed the movie camera from his saddle bags.
"As all this was going on," Gimlln continued, "this creature turned and started to walk away from us, ju81 81ow like a man would if he were just walking down the street, but as it did this, Roger ran across the creek behind it, but then he stumbled on a sandbar. It was al 1 happening boom, boom, boom. He was

shooting the camera while he was running. He hoi 1 ered...'Cover me!,9 and, naturally, I knew what he meant. So I rode across the creek on my horse and took my 30.06 rifle out of the saddle scabbard and just stood there- pointing but not aiming the rifle at the beast.
"When I did this," said Gimlln, "this creature was quite a little ways away from me—  about 90 feet— and it turned as it was walking. It never stopped walking. And then...I heard Roger say, Y0h, my God, I ran out of film.' What he'd been doing was taking scenery- type pictures al 1 the way up..."
Does Gimlln believe in Sasquatch today? "There's no question in my mind, none whatsoever," he stated. Members will find the famous "still" shot from the movie on the cover of the Summer, 1984, Newsletter.
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Studies on Making Fish Chromosomes Elongated with 
High Resolution G-banding

L iu Lingyun

Department o f Biology, Beijing Normal University, Beijing, China

Abstract Methods for elongating and providing high resolution G-banding in fish chromosomes^ 
were developed. Four methods were shown to be effective as applied to the mitotic figures in 
Misgurnus anguillicaudatus and Monopterus albus. Using these techiques, chromosome elongation 
and high resolution G-banding were observed in late prophasé, early-full- and even late-metaphase 
figures.

Since 1970, many chromosome banding techniques in humans have been developed, 
ushering in a new stage in cytogenetic studies. In 1976, a high resolution G-banding technique! 
was developed by Yunis (1976). Using this technique individual chromosomes of each genome 
could be identified accurately, offering application in clinical genetics, cancer genetics,' genetic 
toxicology, and to exploring cancer mechanisms and gene mapping (Yunis et al., 1978, 1981; 
Wingerson, 1981). But the studies of chromosome banding in fish are still in an early stage. 
Reports to date on studies in fish chromosome banding, including Q-, g B c -, N-, G-
banding (SCD), are not more than 40 papers, in which studies of G-banding were rarely 
found. The reason why studies of G-banding are going slowly is that fish chromosomes, in a 
general way, are rather small and thus there lie some difficulties in banding research. By 
elongating fish chromosomes one can make the intrinsic bands clearer. Thus we tried to 
develop some techniques for elongating and providing high resolution G-banding in fish 
chromosomes.

Materials and Methods

Experimental fishes were bought from the fishery in the suburbs of Beijing. Twenty-eight 
fish, 10 individuals of Misgurnus anguillicaudatus and 18 individuals of Monopterus albus, 
were used in this study. Methods used were as follows:

(1) MTX-TdR method. According to the conventional method the fish lymphocytes 
were cultured for 70-72 hours at 29°|i in 5 m /o f RPMI 1640 medium to  which 15% fetal calf 
serum and 0.2 m/ PHA were added. Methotrexate (MTX) was then added to the cultures to a 
final concentration of 0.5-2.5 pg/ml. After 17-19 hours, the culture medium was changed by 
RPMI 1640. 5 m/ of cultures were then supplemented with 12 thymidine, cultured for Rip 
hours and treated with colcemid 0.1-0.2 pg/ml for 1 1.5 hours before cells were harvested.

Indo-Pacific Fish Biology: Proceedings of the Second International Conference on Indo-Pacific Fishes,,edited by 
T. Uyeno, R. Arai. T. Taniuchi and K. Matsuura. 1986, pp. 910—917|’Tj^|rthyological Society of Japan, Tokyo.
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Air-dried chromosome preparations were stained in Giemsa.

(2) BUdR-MMC-AMD method. The lymphocytes were cultured for 24 hours by the 
above-mentioned method. 5-Bromodeoxyuridine (BUdR) was then added at a final con
centration of 10/ig/m/ to the cultures. After an additional 48 hours of culturing, the 
Mitomycin C (MMC) was added at a final concentration of 0.01-0.02 /xg/m/. After culturing 
for 24 hours, 1.5-2.5 hours before the cells were harvested, the Actinomycin D (AMD) at the 
final concentration of 0.5 /ig/m/, and colcemid (0.1-0.2 jug/m were added to the cultures. Air- 
dried preparations were treated as follows:

The slides were stained in Hoechst 33258 (1 for 20-30 minutes and were treated
with 2 x SSC under an ultraviolet lamp (30W) for 30 minutes, and then stained in Giemsa.

(3) BUdR-AMD method. The method of fish lymphocyte culturing was the same as 
above. The BUdR (10 ¿ig/m/ final concentration) was added to the cultures after the cells were 
cultured for 24 hours, then cultured for 48-72 hours. 1.5-2.5 hours before the cells harvest, 
the AMD at the final concentration of 0.5-1 /¿g/m/ and colcemid (0.1-0.2 /ig m/) were added 
to the cultures. Preparations were as above.r^The method of chromosome banding was the 
same as (2).

(4) BUdR method. The fish lymphocyte culturing method was mentioned above. After 
culturing 66-67 hours, the BUdR at the final concentration of 30-100 /ig/m/ was added to the 
cultures, then cultured for 16-20 hours. After culture medium was changed by normal 
medium, the culture continued for 6-9 hours before harvesting. Preparations and chromo
some banding method were as mentioned above.

Results

The results showed that all Of the four methods used could make the fish chromosomes 
elongated and that the high resolution G-banding chromosomes were observed (Tables 1-2 
and Figs. 1-3). A lot; of elongated chromosomes with high resolution G-bands, including 
prophase, late-prophase, elongated early-metaphase and full-metaphase, were found in M. 
anguitlicaudatus and M. albus. All of the elongated chromosome mitotic figures in the total 
mitotic figures were about 20-80 percent (Table 1). Method (2) gave the highest rate of 
elongated chromosome mitotic- figures in M. albus, averaging 60.50+15.30%. A few of 
individuals with maximum rate amounted to 80.94%. Using methods (!) and (3), the rates of 
elongated chromosome mitotic figures in M. anguillicaudatus were quite similar to that of M. 
albus. On the average they were 41.71 + 18.41 %, 42.85 ± 21.97%, respectively. Method (4) was 
the lowest rate o f elongation among the four methods.

The 2n total mean length of the elongated chromosomes is about 53-74% longer than 
that of the control (Table 2). Some mitotic figures are almost twice as long as the control. It 
was rioted that the lengths of the elongated chromosomes in full-metaphase and early- 
metaphase were almost the same, and that they were all longer than their controls (Fig. 1A-D, 
Fig. 2B-E, Fig. 3Â)Î!Some full-metaphase chromosomes were somewhat longer than those of 
early-metaphase chromosomes. Also, the treated early-metaphase chromosomes proved 
longer than those untreated (fig . 3A). Even late-metaphase chromosomes treated with MTX 
Ihowed no trace of contraction (Fig. 1E-F, Fig. 3A). In the experimental group (1), the length 
of late-metaphase chromosomes is compared favorably with that of the elongated full- 
metaphase and early-metaphase chromosomes.

More plentiful bands were revealed in the chromosomes of the late-prophase, elongated 
early-metaphase and full-metaphase than in those of the controls. As the chromosomes
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Table j j  Comparison of the mitotic figure data of the four methods to elongate fish1 lymphocyte
chromosomes. Number in parentheses exclude prophase mitotic figures.

No. of No. of Rate of

Method 0 . No. of Species ~ .fish mitotic
figs.

elongated
mitotic

elongated 
mitotic figs.

Range
/o

figs. ".!<% (*>

(1) MTX-TdR Misgurnus 10 787 315 41.71 ¿18.41 ¿1.00-77.00
anguillicaudatus (787) (315}

(2) BUdR-MMC-AMD Monopterus 6 12141 9009 60.50+15.30 39.91-80.94
albus (9224) (6102) 55.03+13.18) (39.91-73.53)

(3) BUdR-AMD M. albus 4 2725 770 42.85 ±  21.91 20.32-64.21
(2621) (656) (39.25 + 20.27) (17.40-57.45)

(4) BUdR M. albus 8 ; 3368 943 24.97+11.70 10.00-44.18
(3229) (804) ^22.85$ 11.76) (10.00-44.18)

Table 2. Comparison of the 2n total length between elongated (full-metaphase and early-metaphase) 1
chromosomes and control.

Treatment Species
Nov of 
mitotic 

figs.

Relative ~ 
length* of 
2n chr./cell

Ratio of 
length of ' 

elongated chr».L 
to control

Range

MTX-TdR Misgurnus 10 2980.40 ±338.31 ± 1 ,74 2516-3556
anguillicaudatus

Control Misgurnus 10 1708.63 + 232.86 1.00 1340-1981
anguillicaudatus

BUdR-MMC-AMD Monopterus albus 10 2278.88 ±246.99 1.53 1988-2757
Control Monopterus albus 10 1491.86 ±252.55 1.00 1088-1786

* Chromosome length was measured by self-made measuring instrument*

elongated, the number of banding increased (Fig. 3 A-C), for instance, in the No. 1 
chromosome of M. anguillicaudatus, 11—12 bands appeared in the early-metaphase of the 
control, but it was difficult to reveal the bands in full-metaphase, (sometimes, 6 bands could 
be seen). After treated by MTX, ,14—18 bands in full-metaphase and early-metaphase were 
revealed, even in late-metaphase, the number of the bands did not decrease (Fig. 3A). Andther 
example showed that in the No. 1 chromosome of M. albus, 7 bands in full-metaphase of the 
control were revealed, whereas, there were 13 bands in elongated full-metaphase chromo
some, 23 bands in late-prophase (Fig. 3B). The number of the bands was twice or three times 
as many as that^>f untreated chromosome. There were 4 bands in the full-metaphase of the 
control in the smallest pair of chromosomes (the 11th pair), but after the chromosomes were 
treated by BUdR, or BUdR-AMD etc., there were 7 bands in full-metaphase, 11 bands in late- 
metaphase (Fig. 3C). The number of bands of treated chromosome was 1.7 to 2.7 times as 
many as that of the control. It was obvious that after drug treatment the chromosomes were 
elongated, the number of chromosome bands increased, and even those in the smallest
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Fig. 1. The metaphase figures of cultured lymphocytes^ Misgurnus anguillicaudatus.
Figs. A, D and E by means of MTX treatment, chromosomes in full-metaphase (A, D), near 
early-metaphase (A) and late-metaphase (BJ. Figs. B, control tnitotic figures, early-
metaphase (B), full-metaphase ,(C), late-metaphase (F).
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Fig. 2. The mitotic figures of cultured lymphocytes in; Monopterus dibits.
A and C: early-metaphase and full-metaphase chromosomes by BUdR treatment. B: fui® 
metaphase mitotic figure by BUdR-MMC-AMD treatment. D: full-metaphase mit^ic figure 
by BUdR-AMD treatment. E: control full-metaphase figure.
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Fig. 3. Comparison of the chromosomes treated by MTX with the controls of nine No. 1 
chromosomes in cultured lymphocyte ¿mitotic figures of Misgurnus anguillicaudatus(A). B 
and C: comparison of full-metaphase, early-metaphase, and late-prophase chromosomes 
trea t#  by BUdR or BUdR-MMC-AMD with unelongated full-metaphase chromosomes of 
No. 1 chromosome and No. 11 chromosome of cultured lymphocytes in Monopterus albus.

chromsomes could be identified.
Discussion

The fact that the MTX, AMD, and BUdR were used to treat human chromosomes, 
including mammalsSled us to find the high resolution G-banding chromosome (Arrighi and 
Hsu, 1965; Hsu et al., 1973; Yunis,j|976; Dutrillaux and Viegas-Pequignot, 1981; Kubiak, 
1981; Yu el al, 1981). In this paper, the MTX, BUdR, MMC, AMD etc. were used for the 
first time to treat the fish chromosomes to get the high resolution G-banding. The drugs used 
to treat human chromosomes could make fish chromosomes elongated with high resolution 
G-banding as well. From the results it may be stated that the basic construction and 
elementary chemical components of fish chromosomes are identical with those of human
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chromosomes (including mammals’). So the mechanism of chromosome banding is the same 
in humans as in fish.

It is known that MTX can block the cell cycle in G l/S, and may be competitively 
combined with dihydrofolate reductase, thus inhibiting DNA replication. AMD will directly 
combine with DNA to form AM D-DNA complex and prevent RNA polymerase from 
functioning, so as to block mRNA transcription (Strickberger, 1976). Using AM D to treat the 
cultured Chinese hamster cells, Arrighi and Hsu (1965) first observed chromosomes being 
decondensed and chromatid breaking. They suggested that the chromosomes decondensed or 
“stretched” at high concentrations of AMD. MMC will make guanine of DNA molecules 
alkylated. It may also induce the part of DNA to depolymerize, and interfere with DNA 
synthesis (Giese, 1973). BUdR will be incorporated into DNA molecules during S-period and 
block the cell cycle (Dutrillaux and Viegas-Pequignot, 1981), and cause the chromosomes to 
become elongated (Palmer and Funderburk, 1965). The actual mechanism of blocking, how
ever, is not yet known. Comparing the results of this study (using BUdR) with the previous 
trypsin method of revealing G-bands (Liu, 1983), it might be concluded that chromosome 
bands revealed by BUdR were real G-banding.

AMD, MMC, and BUdR, all have a mutagenic effect on chromosomes, especially the 
AMD and MMC being the model mutagens, and at high concentrations, severe aberration 
will occur even decreasing the mitotic figures. Considering this, very small dosages of dif
ferent drugs were used in trying to elongate chromosomes by varied effects, seldom causing 
chromosomal morphological aberration. Chromosomes treated with MTX did not contract in 
full- and late-metaphase, and their length was almost the same as that in early-metaphase 
(Fig. 3A). This phenomenon has not been observed in human chromosomes (Yunis et al., 
1978), and might reflect the subtle distinction between fish and human chromosomes. This 
was probably because the dosage used for fish was larger than that used for humans. MTX 
would directly or indirectly affect the hyperfine structure of the chromosomes. Using BUdR- 
AMD or BUdR-MMC-AMD to treat chromosomes, no contraction was found in full- 
metaphase chromosomes, however most late-metaphase chromosomes showed contraction. 
This might relate to a lower dosage level. Moreover, it was observed by experiment that 
chromosomes in the full-metaphase revealed clear and obvious bands when two chromatids 
were about to separate. In general, the early-metaphase chromosomes are available for 
studying chromosome banding. Using the methods outlined in this paper full-metaphase 
chromosomes do no contraction, and so exhibit clear banding almost the same as that in 
early-metaphase, making them equally useful in studying fish chromosome banding patterns. 
Even treated late-metaphase chromosomes may be used for reference in banding identification 
so these techniques provide a high enough frequency of mitotic figures for analysis.

In conclusion, the methods of the high resolution G-banding in fish are useful tools for 
identifying individual chromosomes in fish, for research of the heredity and variation in fish 
chromosomes, as well as for exploring the fine structures of chromosome and gene mapping. 
All these can also be applied to the problems of fish systematics. evolution, and the finer inter» 
and intraspecific relationships.
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f\ Ĉ> fa 'O \ * £**vi \t& Ì&&?

71

CONCENTRATION OF HEAVY METALS IN THE TISSUES 
OF FISHES IN QINGHA1-X1ZANG (TIBET) PLATEAU *

Lin Mingxing, Id Guoji, Bao Wanyou, 
Zhang Shoulin and Gu Hongkan

(Institute of Oceanology,Academia Sinica, Qingdao)

A bstract

Th« naner deals with the concentrations of zinc, cadmium, lead and copper in seven
« * * * *  “ • g j r s r z z "Yarlnng Zangbo Hirer »  Xmng («tat) Antnnomous Repon. The m p m

—£ £ i:SSSfS!S-T««. a—  -«« -
lead and eopp.t «.tart, determined by mtU.ta.rpt,on phy.tal M tm , merew

I l f c S t e — - “:Xg skin bone fin gill and stomach of Qymnocypris przeimhkn and Bj uckymyst« , 
Unob’tta — »lii»  fneur et We, metals in «vend ttau«,« g g g “

M  » d  1-87 U  do- ta f c h . « « t l r e l y .  These in

Contribution No. 1238 from the Institute of Oceanology, Academia Sinica.



VoL 17, No. 1 
Jan., 1986

m %  j b  a
1 9 8 1  ^  OCEANOLOGIA ET LIMNOLOGIA SINICA

' I f  i t
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M. Lahaye, W. Yaphe 

* *  '>c- n m r

j |P M ® $ )  6 a * S K i l f  ffl 0.5mol/L I.Omol/L
j NaCl H.DEAE-Sephadex A 50 6.0mol/L ® f?g£

^ 80% ^ i a ± .  ug- nmr

6 -r tK -L -¥ ? L ® o  ,3c - nm r  4H fr2£Si§
- S t .

(agar), g  &  &  £
lo  1922 ^  Samec S ^ S i R

|  (agarose), (agaropectin)«, B $ i ,

k f f l f t ,  C l , 3 g g f f r  C l , 4 j £ g ^ j 3 ,6 - r t K - a - L -
i i  (agarobiose) l : n ) ;  (ffiS U K

i i # ®  3 ,6 - r t S I - L - i i i ? L « ® S S ^ S - L - ^ ? L « f t : ,  #  

I I # ®  4 ,6 - o - ( i - ^ M Z , t t ) - D - ^ a » ® f t o S # , 5 C i S 7 E ^ x

35515, Duckworth ^ t101 DEAE-Sephadex A50 S t f t t ± f f l 7 X S l S - f - ^ S i §m iaCi '

io L - ^ a n w  c e ± ( a j  i : i ) , f t ^ t t a i [i"siB $“”K i f i ^ - 1c ,
4 3 ,6 -F * 3 K -L -^ a H o  D -i)5?L «^fi:S |3 i)-i(fe*  6 - 0 - ? * - ¥ f l $ S S i f t , 

i i M i i f S i t # i $ l £ 4 - K i £ 4 > o  i i # ^ » » t l # A ^ ! s l % i t K l ^ K ^ i - ) ) g f f 5 l 5 ,  jii
J f c , Y e « »  Friedlander 4$u u g i5 t J l

* «S14¥KS#5fÿïSfiHaBÎ3fE«&* 1266̂,,
* X f ^ *  1983 lp # 4 = in $ :±  McGill *i£5SSMi<, Æ X fft>*■ » M « » M l i i S S f l £
(NSERC) » S f t ;  Montreal *d£t*IÙ fë “ C-NMR f t » # « ;

1983 ^ 1 2 ^  23 0 ,

#Httig«â:!50ï£«tl&l»S§MÿŒ 73i m

S  l 7 l # i a « ^ Î R S 4 f t I » Ë I I | i f t
I. 0-Cl,3-D-4£?lJg-Èf a-Cl,4-6-8&S&£-L-¥¥l«&&ftX«, BP

II. ^ -C l,3 -D -i|i? lii^ « -C l,4 -3 ,6 -r tM -L -it ia « â S W » X * ,
B P « R » il-i6 9 S * a* » fl:,

R, =  R, =  H; » R « # ? R |  -  CH„ R, =  H; 6-OMe- 
» R « # ? ;  R i= H , R.^CH,; 2-OMe-3ftR«5)-f-,

Itfc5)üié» rîn Izumi»« Müffi Dowex-l x  2 f t& m ff î3 m ïL M 0 - M Î È % fà  &  à .o  E i iE
m  i3c - n m r

4 # Œ * (  6 i & # a ) S K i B ^ S i M « r S a f T T 5 ) - l i , » 5 Ë 7 & g & & « ) i# ^  
i5c - n m r  pb£ t & ; i # £ i:

1. ïïmm 34
(1 )  Gracilaria asiatica (Zhang et X ia), ü t t i K - p f ô . T  1982 ^  4

ik i t i f f i lo
(2 )  M îL M 0 Gracilaria asiatica (Zhang et X ia), H 4 ) ïS -F f r> T  1982 ^  4 ^ 5 j ? g f *

J r f S a i o

(3 )  ^ Î X ^ °  (  Gracilaria asiatica Zhang et Xia), 1982 ^  6 i £ S  L i l S ^  W Sio
(4 )  (Gracilaria tenuistipitata C. F. Chang et B. M. X ia), =f 1982 ^  3

(5) (Gracilaria blodgettii H arv.), )= 1981 ip  3
(6 )  (Gracilaria eucheumoides H arv.), ^  1959
2.
$qfc îo.og !9 lfflâ ti= F «* ,iin  2 0 0 m i 6 o % H ^ « S i S - ^ , « [ i i , f f J n A i o o m i R

S ,  S S i 1 /hBio âËîffiiin 300ml 80% z m ,  1 /h W .f f  200ml 5EzK E
B fa U Z M ÿ i fà in k T , Ï Ï C  P A

1) ( Gracilaria verrucosa Hods.) Papenfuss, $&5>:&t%&£iL2lo



T*

W iS 17 ̂
3. EüJ&MüIg

k t t f m w ' ü  (116AASS Ü )  ® » M 4 0 @ o 5.0g in
375ml T kS iÖ —f i & . i S d l Ä i B H i  1205c (lk g /cm 2 H Ä )  1 1/2 J J jg jÈ l f r ì i

ä t i& H Ä A M l:  ceUte 5 4 5 , ÜC^

* * ” 101D m m e & 0 % { ä , T C # * M & ^ &  85%
M i z k , ®  P A  Ä ^ T Ü f l H M H Ä o

a H IS ^ B S Ö tlS lJ# '6]Ä ®  5.0g K f e l S i f t ^ ß i n  1200ml 0.5mol/L NaHCO, jg jft»  $?  
905c Ü 5 1 1  1/2 / W , i n  300ml N a H C O ; ^ ® , H ^ Ì | ^ / W ,ig |j :S Ì Ì Ì È o  ^
^ ‘P È JA M M  2 fi c p c

95% z ,® ,9 5 %  ^ f i i f q Z J i f t t f t f t ^ , ®  P A

4. J s M $ H a
m m  Duckworth 0.50g ^ K i n  200ml 7k, 1 ^ « ®

H ’/iSSSÌiàf'o ìÈ fl& i-}0-ÌkìU A  DEAE-Sephadex A 50 (C l- )  (Pharmacia, 40— 120^tm) 

• f t  (d>1.5 X 38cm) H o f t ß f i f t  705Co # boÌ 0 ^ B ,  f ò f tU z k ,  0.5mol/L, 1.0mol/L 

^  2.5mol/L NaCl 4 ® ttì® 5 c Ì I Ì&  i t o
lit 2.5mol/L NaCl ì&flèti&Tci&Jn, # ftp*3  Sephadex in  A  50ml 6.0mol/L g

10 fEifto

5. f t # # «
( 1 )  É M :  ffl Dubois
( 2 )  3 ,6 -Ä 8 £ -a j£ fL ig i(U (f f f f t  3 ,6 -A G ): ; jg ^  Yaphe

3Èo
(3 )  « S :  f tM  Tabatabel

ia i i l f c b f t f tÄ f e  s o « -è-jto  ; i r /
6. l3C -N M R  3fcif

^ K ^ S T i n »  D20  H  ( » 4 % ,  W /V ), U  h * ™ m w m m 0 fflBrucker 
BZH -400/50 f t »  (SC, # n na & 7  100.62 MHz t t & t f t  ( » $ £ £  20,000H z, | ^ j | $  
0 .4s), =f- 805c Ö $§  1200—4780 f t ,  iE S T S tH Ä f iS t l  “C-NMR i f @ 0 5 ^ f
f t #  (DMSO) Bl ppm TMS fö i lo

?.iSK3ßl#»»
JB f i iM S B  Pseudomonas atlantica # Ä Ö tl ß 'ig M M ,  Ä 2 k ± f tM  Duckworth ^ t8%  

£ £ ,  sephadex G - 2 5  f t #
É S ^  Rgti ycoB ^ I2,,ö i)S i^ )^ jg ijy n

M r m m m m w m o

£ Wl % ü

DEAE-Sephadex A 50 S « f t ) ! f  6

75

«■Sfc

i l JU L
0 0.5 1.0 2.5 6.0 0 0.5 1.0 2.6 6.0 0 0.6 1.0 2.5 6.0

1 2  J lftìIjg iS tK É  DEAE-Sephadex A 50
A. Ä f f * « R ( S i t t 3 i E i # : ,  Ä f f * ) ;  B. * a * ® K (^ fk Ä H iH 8 iW :»  *
Ä ff* ); C. Ä ff* « R  (* & :$ * & * ); D. 4ffl£ffHSR; e . M f f * ;  

f . Rmrn cpc jKig»»Ro
JfeKRIRff: *(W ),0 .5m ol/L  NaCl (0.5),1.0m ol/L NaCl(l),2.5moI/L  

NaCI (2 .5 ), 6.0mol/L R * (6 )„
' ¡SS: H *K -K K tfcfe»i!0»K l**ft-èfe#*;.

S S : * S I I S $

i)#$Pffl20
. jais 2 -¡¡mm, 4 #  ce {&)

f i 7 k » ^ i ) « ) S * # ^ A # t k l L f e i # ^ « ,  jd g J f e g lU f t
m t E t  f l$ « .D u b o i*  H s f e U è o  3

& ® ,15D 8 0 .5 ®  1.0mol/L N a C l . D E A E - S e p h a d e x  A 50 & f o  B Ä X t t iK f tH t
o.5moi/L N aci

Ä f t ,  f i * Ä Ä i l B 6 5 S K H & l  Ì .O m o l / L N a C Ì ^ ^ f t o  Ä fti§0?J2k& #-!g  6.0mol/L

■ R * ® ^ i a é ^ * s t ì i S o
* H f t3 f e K ì« ( 2 Ì C ^ Ì ) ) S l^ É ,^ 3 e K Ì I ( 0 .5 f n .O m o l /L  NaCl ^ # )  B

I j F m m t h  CPC ^® 3gR ijllJK  0 .5 ^ ) .0 m o l /L  NaQ ¿ '»  0.5

® ol/L Ä  2.5mol/L NaCl M f t ^ l t ì

Sephadex ^ K , Ì 0  6.0mol/L f i iS & f ö f t f ö f f i& iF f f i l» * * #
2. untivi 9 p
J A «  1 f t K i m « ,  3 ,6-A G  ^ ¿ Ü # t t B i ® S 7 3 S K

3 ,6 -A G

S S K , i f n è - a f t f t t ó ì P è  0.5mol/L
Naci 7Jc m 4).h ^ k j )
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*  i )lH>5X»ïstëù. DEAE-Sephadex A 50 MW0-Lftll$íTM&íSí)Kitt¿£iBfr

$5 n è ® (% ,5!Í»R )
3, 6-rt 

S*-L -¥?t$Sft£  
& (% ) •èrfi*(%)

$ & 35.2 5.0
9.1 23.2 —

ÄtEjSs ( G r a d i  a r t  a  a s i a t i c a ) 0.5 mol/L NaCI 45.9 31.9 3.7
C E í # , * B * í r ) 1.0 mol/L NaCl 17.1 18.4

2.5 mol/L NaCI 1 *5 13.9
6.0 mol/L 9.2 43.1 ' -  -

'3UK 34.8 3.9
£ 1 8 * 8.0 30.5 _

3ftïIîS| ( G r a c ï l a r i a  a s i a t i c a ) 0.5 mol/L NaCI 38.5 41.4 2.9
(E 3iH 8Ÿ fr,S5Ê *& ) 1.0 mol/L NaCI 13.1 26.8 8.5

2.5 mol/L NaCI 2.5 22.7
6.0 mol/L 7.6 46.5 2.4

29.6 3.8
*^.0 13.6 —

( G r a c ï l a r i a  a s i a t i c a ) 0.5 mol/L NaCI 15.2 29.8 4.4
a fe # * !? 1.0 mol/L NaCl 31.4 28.9 6.7

2.5 mol/L NaCI 5.6 17.3 7.3
6.0 moi/L m m 4.7 42.2 -

l ||§ 25.1 f
M tR 16.8 35.5 %

&H3ÈÌI36 C Gracilariatenuistipitata) 0.5 mol/L NaCI 27.6 25.7 3.6
G S B » lf& ) 1.0 mol/L NaCI 26.4 16.3 —

2.5 mol/L NaCI 5.3 18.8 ■ — •
6.0 mol/L 6.6 34.9 -

U 26.0 6.8
f # Ì § | 24.4 23.4 ;: _

T̂ tSÌEìS C Gracilaria ) 0.5 mol/L NaCI 27.5 34.1 3.4
p ÿ ® || 1.0 mol/L NaCI 22.8 17.4 _

2.5 mol/L NaCI 5.4 20.0 10.0
6.0 mol/L mSg 7.2 32.0 -  .
epe fó £ tt$ R 22.8 3.2

æ « : 2.4 3.5 —
C Gracilaria ) 0.5 mol/L NaCI 43.2 28.6 6.3

(* B iS * ft) 1.0 mol/L NaCI 34.9 24.0 ;;V — ' ..
2.5 mol/L NaCI 3.1 21.4 —-
6.0 mol/L j&ff 4.0 33.3

3 ,6 -a g

- ê r i f t  33-47%  ä  Sephadex «
pH jElfM s.ëSè^Sc L-^fLÄötl c ±ä5S®S£jtt;fl£ttTfö

77

s i â Œ ï S SCPC Â7XÆ53-W1 , AG ̂ ®+g[3li3a,
1  * » , « , «  i t h  ibttb 0 5 ,1 .0  5fö 2.5tnol/L NaCl 3,6-A G

CPC ÿ=S ïfë® À ftJo  ÄflB■ • ^ ^ w ÂftAltt||3 q p .r t;^ g g ^ . î a ^ :-tt;^ .ilii-ÎÔ  3,6-A G

a a s s s s s s g a ^ * * ”

” T*B. a*l
J l ¿  o 5mol/L NaCl

Gl
Ai

í i í íI ( # w W w w

70 60 ppm
100 90 80

33 m êÆ i^^m mol/L NaCI W Í8 Í*58

ÎSR* (ap™»)'”1 (® 1MJ)
6-OCHj-3feR#“” 

CB i:u)
2-OCH,-ÄRÄ[’” (ffl IMI)

P .
I IM)

1 2 3 4 5 6 P C « 3 1 2 3 4 5 6 O C H ,

G 102.4 70.1 82.2 68.4 75.3 61.4 A 98.4 69.8 80.1 77.4 75.6 69.3

G' 102.4 70.1 82.2 68.6 73.6 71.8 59.1 A 98.4 69.8 80.1 77.4 75.6 69.3

G " 102.6 70.2 82.7 68.7 75.6 61..4 A " 98.7 78.8 78.4 77.6 75.3 69.8 59.1

1 G ' " i 03.7 70.5 81.1 69.1 75.9 61.8 C 101.2 69.8
g

79.0 67.7 67.5
____
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A5

100 90. 80 70 60 50 PPm

0  4 0 .5 m o l/L  NaCl **C-NMK i f ®

3 ) | o a ® ^ K  0.5mol/L NaCl 4)|ftitfflIâf£fcbRo JA D -i£?L$|(G )
m 3,6-AG (A) ( f f ll:H )  2 ) W j I ,  ä J l ä S l ^ l R R # ^

R a Ä Ä iM f c S r i« * »  1 2 3) ,  i£ B J M R « ^ & g ÏR R lft4 = g & £ -o  M 
^ Ä f l ^ S l R f ö  0 5mol/L NaCl U # # 1 6.0mol/L I f^ É & .& fr ïïïC Â liiR f iÿ  0.5mol/ 
L NaQ ' ^ ^ & ^ Â E « S ® |6 1 ; 0  mol/LNaCl B
&&fë4§»BP G '4 ,G '5 ? n G '6 (* 3 )) * B J W 6 - ¥ * f t f e D - ^ S .Í I # f t o
Î I ^ Î b RËI 0.5mol/L NaCl g ^ f n ® * ^ f r l f t ì Ì f f l4 3 #  t j  #  ¥  Ä  $  fs4§- (59.1ppm)0

Ä » Ä £ C ^ R 4 « ? 5 ir ^ Ü lo
¡So f ë t t Ü W ,  0.5mol/L N aC T gfciH 1» f  Â Â Î I Â â Ô f f i Î ^ ® Â f c b  1.0mol/L 
NaCl a -Ö -R Ä o  Æ Â ? I « > ^ a n : « ^ Î Î S Ô : ^ â i I  1-Omol/L NaCl ^ # 4 3  ,® S ?Î!)® §5  

ô- B I ^ Â - L - ^ Î L Â ^ Ï E Ë J Â - ^ o f l i l l i r » 1^  h ^ j f  f r  0.5mol/L NaCl

,’È ^ f e :t K i a : ^ R ;È  L - ¥ & t8 if t c 6
3,6-rt^-L-44|L»WC2±çsÆ (ffl i:n)0 4

3 )g  Usov ^ [2*i§iBl&iSCtt:S—ifclfto ffi G5 ftl A5 [ f t& S t ìS o  È ^ * *  2-OCHs fâ 
# & ,  l É t  A l 98.2 m. A2 69.9ppm ^  ifàÏÏB$ Æ £ U t * Ï 5 Î R l &  
1.0mol/L NaCl ^ £ 4 3 ,  f è iÜ T m *  6 - « ï - L - ¥ & f ë i f t f ë f - o  Æ 0.5tnol/L NaCl ^
i> fâ a æ 4 3 » ^ f! i ia T  73.4Ppm * » í t ^ 0 

£#W F I13iS il» ltÄ #-& > {S  1JC-NMR



•*
80 m f t  M m » 17 %

4. i mm
0.5mol/L NaCl g ì # ,  JP À  /?-S& S§Ä iTSSP$*i?0 

Sephadex G 25 R t „ £ ÍV » i

Ä ^?!lftlS = IS (IB  5 )0 U a M ^ jfe ® t7 X i? ^ (0 .5 m o l/L , 1 .0 m o l/L N a C lg i# ) í§ J ||g í j£ -2 -  
Ef!?Cí-3,6-F*3g|-L-íj£?L$§ÉftSíÍ> Ä  £«; H-^lS]^“ Í&}8̂ Jf!ĵ

/?-=® K H ôÿl^W iù:i f ê i â ~ # i j E ÿ T  ,3c - n m r  i t f f i S ^ t b â ô ^ g  
Ä Ä ^ f t . B P ^  13c - n m r

(agarose)

*
?  <?

0 tO j^> t O ¿ € M D  «»**I (neoagarohexaose)
©rcicVO

+
& t O  ( ncoagarobioK)

litoti
( neoagarötetraose)

0 =  D-*m
0 =  3.6-|*jSt-t-̂ fLifc (3.6- AG)

© =  ß-nmm

W i f c
iA 4 #  ( 6 fô)íE ^ S ^ Í üK K iMIt5)-|5§tíí|5í)-0-^®*,SS»K^S é ^4.
^ÔÔ^-â-% , BP 0.5mol/L m  l.Omol/L NaCl S i f  ̂ i i o

3,6-A G
inni?-» §0̂®i&&mitèty4

£©#Èffi7Kfëtef^&S&&^ïiifô«&W£ifè:S—  M,JAtfrFìfcTMlÈR# 
SOë^f 3,6-AG ôtlü lêo  E # !B Â > M & IS Ë J 7 X ÎI5 t® $ # S iijfi!j i^ t,a,>£];sifë$p4]<

Usov ^  «  i|

iBIBGMS:. 4>Hffsl®a;*§í-é».KS5)Sft«FÍ¡E 81

t to  ,
# 3 ÍK # S .ff l7 K .if t]^ lR lífe ®  NaCl $PM  6.0mol/L

DEAE-Sephadex A 50 ^ K Í J P Í f e i^ ^ í tS »  f t í! l0 0 íi- lR # ‘& f t l ^ í f r  68 > S S A Í
80% , t b i t À “012*1«) 5 0 -7 0 %  S5SÄ O  3,6-A G  « f t « £  30% & ± o  f t
& # |f t  »C-NMR i g ® * 0 J * ^ 6 - O - Ç * - D - ¥ ? L Î I K l f ô M ^ * : K l ^ K Î I o  Â Œ fà

DEAE-Sephadex ± ,  f f iS f ê Â  NaCl

jfc*W ,- R m é ^ Â R « « » » *  J f c ì  DEAE-Sephadex ® $ « Ä l S 7 3 £ Ä S  *  *  B  
K M , ■ Ï Ê î R Î i i H f è Î f e ' & f t o ^ K É W à - j F S ^ ^ T t e é ^ 'é f e  Sephadex ± 6 5  #

@ o

Ä f t # Ä ‘i& lE ; ,3c - n m r

ì t H - t a i i i f a i o
Æ Â ÎIlS fê j l.Omol/L NaCl

# £ • # , ¥ Ä- ^  Izumi[14) f f i i t ^ K 'í > K ) ¥ « * - é - * a  SO, t f

mÿiM̂ MÙpké̂ éËo $ £ £ £ *  ? «»-ê-ttlê# » nrtë
H tf f iS l iË S i^ fô Â ^ o  È T i *

W Ä .S 'lftÄ K o  l.Oraol/LNaCl 6-
2.5mol/L NaCl

M I S S E Ë I  ,3C-NMR i t S S ^ f Ü Ë l # Î K ) 2 - 0 - Ç Â - 3 ,  6 - ^ I U I ,

(Rhodomela larix)  l f c K « f t J ® £ » & 'i Ì B,i. f i 4 » I ! t ö * R J i * ' i » f 1 s # £ R £ S i » » R
« È m m ì i o  ö r i a i K » Ä # ¥ * f t Ä * ^ t t Ä a i 8 * Ä R » W Ä o  a *

(£«cÄe«mfl)  æ s t a » -

(Carrageenan)o "^ÎiîK cÂ — i l È  D - ^ J L ^ M ^ Î Ô Â ^ B l^ f e Ô tl '«  ® S S ê l S l ^ è È t  
M T F H W ^ A t tR  (galactan), * Æ ¥ a « B7,; Ï Ï 5 a i g 3 K £ « Ù Â W « & «

h ) ,  Â S c w ^ ^ ^ È f t S T œ ^ . J A Æ ^ S i i - i f e É z i a R i ^ K ^ S o i a

H  DEAE-Sephadex A 50 »TläM JKä'®-
,5c - n m r

£ » * * * * * &
® # Ï E Æ 7 ^ Â « t o  B f t , ^ * « t t S ^ K ) * f e , l â » ê Â g t Ë ^ n i » l « K W t t j i ( Â  

ÎÈ # Â o  •

#  ^  Ä  iK
U] MsfÆm̂  tcsi¿ip|i£i. mfcm&mitK̂ b̂.2̂>. i-u,
[2 ]  3 £ « S ,* » I I 519850 tPHSaXjrSWIÏHffmo S S ^ I i S  W ) ;  175—180¿
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[ 3 ]  Sr#Ä jl961. -i y,  0 8 2 ( 1 1 ) :  1557—1561.

 ̂ 4  ̂ 19^  Structure of the agarose constituent of agar-agar. Bull. Soc- Jap. 543—

[ 5 ] aingm an, A. L„ J. R. Nunn and A. M. Stephen,'1957. Red-seaweed polysaccharides. Part I. Gra- 
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STRUCTURAL FEATURE OF AGAR FROM CHINESE 
GRACILARIA SPP. (RHODOPHYTA)*

J i  Minghou
(Institute of Oceanology, Academia Sinica, Qingdao)

M. Lahaye and W. Yaphe
(McGill University, Montreal, Canada)

A bstract

The structu ra l feature of six samples of agar polysaccharides extracted from  foi 
Chinese Gracilaria species, G. asiatica, G. tenuistipitata, G. blodgettii and G. euchenm 
ides was investigated. These agars composed mainly of charged agrarose molecules th  
were eluted from  DEAE-Sephadex A 50 with 0.5 ad 1.0 m ol/L  NaCl. The yield of fra 
tions of ag ar from  the DNTE-Sephadex was increased to  80% or more a fte r a treatm e 
with 6.0 m ol/L  urea, w ith the recovery of agarose molecules having a  low charge de 
sity. Analysis by 13C-NMR spectrofscopy showed 6-sulfate-L-galactose as a  m inor com 
tuent in  the repeat un its  Of agarose from the main fractions of G. asiatica, G. tenu 
tipitata and G. blodgettii. Substitution of hydroxyl groups w ith methoxyl was detect 
by 13C-NMK spectroscopy; 6-OMe-D-galaetoise was present as a minor sugar in  agaro 
from G. asiatica and G. Unuistipitata, and 2-OMe-3,6-anhycLro-L-galactose as a  m ajor s 
gar in agarose from G. eucheumoides. Differences were noted in the fractionation pr 
te rn  and  6-OMe-D-galactose content of the agars fro(m G. asiatica collected>in N orth m 
South China possiibly from a combination of d ifferen t biological factors. A gars fro 
gametophytes and  tetrasporophytes of G. asiatica yield sim ilar fractionation patterns < 
DEAE-Sephadex, bu t the concentration of 3,6-anhydrO-galactose in  the latteaj fractio 
was somewhat higher thlan tha t of the former ones. 13C-NMR spectroscopy was not m  
ficiently sensitive to detect the minor repeat units contributing to  the charge density 
agarose molecules, buit it  was projved to be a rapid  and simple procedure to determi \ 
the types of sugars in  the principal repeat units of agarose molecules th a t m ay be of i| 
xonomic importance.

Contribution No. 1266 from the Institute of Oceanology, Academia Sinica.
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National Science 
Foundat ion

Initiative on the 
Processing of High- 
Transition-Temperatures 
Superconducting Materials

Deadline: none

Announcements: Signatures on all proposal forms need to be in
black ink. Signatures in other colors do not xerox well or at 
all. With new regulations, such as NIH's, regarding returning 
proposals without consideration because the copies were poor 
quality, attention to even such small details becomes impor
tant.
IRIS for Graduate Students: The Graduate School and Sponsored 
Research are making arrangements to make IRIS available to 
graduate students. IRIS — the Illinois Researcher Information 
System—  is a computerized data base of between 4,000 and 5,000 
funding sources for research. It can be searched by dis
cipline, prerequisites, and funding mechanism (e.g., equipment, 
dissertation). Faculty are already availing themselves of the 
system free of charge through the Office of Sponsored Research. 
When arrangements are complete, graduate students may obtain 
IRIS searches on a trial basis through the Graduate School for 
either no or a nominal cost. Check with the Graduate School in 
approximately 3 weeks to see if the system is activated yet.

Received at OSR: Gas Research Institute’s 1988-1992 Research 
and Development Plan and 1988 Research and Development Program. 
Contact OSR if you would like to borrow the document.

The programs's intent is to rapidly promote advancements in 
processing capabilities in high temperature superconducting 
materials in US universities. Initiation grants of up to 
$50,000 will be made for periods from 6 months to 1 year. 
Successful completion of the initiation grant could provide a 
basis for a follow-on proposal. Synthesis and characterization 
of superconducting materials and processing for fabricating 
electronic devices are covered under other NSF programs. 
Candidate processing methods given below are only illustrative 
examples and not restrictive:
o production of superconducting fibers and their incorpora

tion in a metal matrix
o deposition of thin films on a ductile matrix by various

techniques such as chemical vapor deposition, sputtering,



lasar, plasma spray, etc.
o infiltration of a metal matrix throughout a porous super

conducting material
o coating of superconducting materials on ductile rods, 

wires, etc.
o tape casting of superconductive materials into ribbons.

National Science 
Foundat ion

Division of Cellular 
Biosciences

Deadlines :

Research in this division is directored toward how plants, 
animals, and microorganisms grow, reproduce, and function, and 
how life processes are initiated, regulated, expressed, and 
integrated at the level of the gene, cell, and organism. Five 
programs are currently active:
O Cell Biology

01-FEB O Cellular Physiology
01-JUL o Developmental Biology
01-NOV o Eukaryotic Genetics

o Regulatory Biology Program
The Divisions of Cellular Biosciences and Molecular Biosciences
together award 20 postdoctoral fellowships in plant biology. 
Cellular Biosciences also takes part in the collaborative 
research at the interface of biology and chemistry.

National Science 
Foundat ion iî

!US-China Cooperative
Science Program V
Deadlines: 01-NOV

01-APR }

Commission on the Bi
centennial of the United 
States Constitution

Educational Grant Program

Deadline: 15-OCT-87

All fields of science, including social sciences, and engineer
ing normally supported by NSF are suitable for this program. 
While other NSF international programs also accept proposals 
for joint seminars/workshops and travel, the US-China program 
only accepts proposals for cooperative research. Projects must 
clearly demonstrate benefits for both countries. Chinese 
collaborators in an NSF US-China Cooperative Research project 
must submit a parallel proposal to a counterpart Chinese 
institution. JL.....
The Commission anticipates issuing 40-60 grants for special 
projects and 100-200 in-service training grants to elementary 
and secondary schools in the area of the principles and 
foundations of constitutional government. A university may 
apply provided the proposed project or program is designed for 
use in elementary and secondary schools. In 1988 the Commis
sion emphasizes specific constitutional themes relating to the 
development of the three branches of the Federal Government.

American Philosophical 
Society

Research Grants

Deadlines: 01-DEC
01-FEB 
01-APR 
01-AUG 
01-OCT

The Society estimates a 1:3 funding ratio for its $2,500-$3,000 
grants. The intent of the Society is to contribute toward the 
cost of scholarly research, with the organization paying 
special attention to those projects most likely to promote 
useful knowledge by producing publications. The grants will 
cover most disciplines, but not journalistic or other writing 
for general readership? the preparation of textbooks, case
books, anthologies, or other materials for classroom use by 
students? or the work of creative and performing artists. 
Costs covered include $30 per diem living costs away from home? 
microfilms, photostats, photographs necessary for research? 
consumable supplies at the applicant's institution? necessary 
foreign and domestic travel.

R/D 2
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Feb. 28, 1988
Professor Bob Behnke
Dept, of Natural Sciences 
Colorado State University 
Fort Collins, Colorado 805XX

Dear Bob,

Following up on our mid-January conversation on salmonid distribution in 
China, I aw enclosing an article on what appears to be taiman fishing in 
the Greater Higgan Range of northwest Heliongjiang province/northeast Inner 
Mongolia. It’s short on detail, but as informative as most articles on 
fishing in China.

I’m currently planning a trip into the region in late August/early September 
and hope to obtain a better understanding of the fishery. I’ll let you know 
my findings.

Jim Hanley
Hewlett-Packard Asia 
Hong Kong

P.S. I’m working on getting that Japanese article translated. Will send you a
copy when available.
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PEARCE MILL ROAD 
WEXFORD, PA 15090

P.O. BOX 161

SPECIALIZED INTERNATIONAL TRAVEL CONSULTANTS

February 26, 1988

D r . Robert Behnke 
Colorado State U n ivers ity  
Department of Fisheries 
Fort Collins, CO 80525

Dear D r . Behnke:

Earl Worsham, Chairman of the International Committee of T ro u t 
Unlimited, requested that I send the enclosed slides to you. These were 
taken last August by Chris C h ild , who went on an exploratory venture  
in China.

Earl fe lt that you could confirm identification of the tro u t ( I  also 
sent a slide of a p ike, which seems to have quite d istinctive markings 
compared to our North American pike) .

These fish were taken in the Zhang R iver in the northeastern  
Heiloongjiang province bordering Russia.

We would be very  grateful for any information that you can provide  
to us. As you may know, we are working w ith T ro u t Unlim ited, try in g  to 
develop a viable fishing program in the USSR and are looking at the pos
s ib ility  of a similar exercise in China if we can find reliable fish ing.

Would you be kind enough to re tu rn  the slides to me as soon as you 
are through with them. I look forward to hearing from you and thank you 
in advance for any information you may be able to provide.

Sincerely

W. Michael Fitzgerald  
President

js
enclosures

cc: M r. Earl Worsham

Fish and Game Frontiers, Inc. •  Frontiers International Travel
IN  PA 412-935-1577 TOLL-FREE 800-245-1950 TELEFAX 412-935-5388 TELEX 4 42 3 0 8 6



March 30, 1988

Mr. Robert Behnke 
COLORADO STATE UNIVERSITY 
D e p a rtment of Fishery & Wildlife 
Fort Collins, CO 80523

Dear Bob:

Sorry I haven't been in touch. Last June my wife became 
seriously ill, which led to a liver transplant at Baylor 
Un i v e r s i t y  in Dallas.

N eedless to say, my fishing trips and plans for China 
were put aside. However, I did have the papers you gave me 
translated, as you will see. Parts were missing, but I'm 
sending e v e r ything that I have.

In a year or so, if everything goes well, I will pursue 
my desire to make an e xtended e x p loration of the fishing 
p o s s i b ilities in China.

I will keep in touch, certainly, as plans develop. Hope 
things are going well with you, and I'm looking forward to 
visiting with you again.

m  CORPORATE OFFICE • P.O. BOX 2569 « VANCOUVER, WA 98668-2569 • (206) 693-3700

Ed Rice 
President



Chinese Journal of Genetics 
Volume 15, No. 2

Analysis of High-Resolution G-Banding 
Pattern in Fish Chromosomes Treated with 
BUDR

Uu Ling-yun

(Department of Biology, Beijing Normal University, Beijing)

The chromosome high-resolutlon G-banding technique was applied to the study and 
analysis of the high-resolutlon G-banding pattern In fish, especially in Monopterus albus 
chromosomes treated with BUDR. A comparison of the high-resolution G-banded kar
yotype of full-metaphase chromosomes with that of chromosomes of different length 
showed that band numbers Increased with an Increase in chromosome length.
However, not ail of the chromosome bands experienced such an obvious increase. The 
band numbers of each chromosome appeared definite. The Increase of chromosome 
band numbers In our experiment showed apparent subdivisions of dark bands. When 
the chromosomes gradually contracted and shortened from prophase to metaphase, 
these sub-bands also fused into original bands. The degree and time of contraction for 
each band in one chromosome were not equal. A large dosage of BUDR not only block
ed the fish cell cycle in the middle of the S phase, but also caused the chromosomes to 
elongate; a small dosage had no apparent effect.

Key words: Fish; chromosome; G-band

Following the development of fish cytogenetics, the G-banding technique (especial
ly high-resolutlon G-banding technique) has played an important role in research Into 
aspects of fish heredity, variation, systematics and evolution, as well as gene mapping. 
Since fish chromosomes are rather small, it is rather difficult to identify G-bands. There
fore we first developed a technique to elongate fish chromosomes using high-resolutlon 
G-banding (Liu, 1986). In this paper we utilized the technique to analyze and study iden
tified high-resolution G-bands with the chromosomes in M. albus as major material treated 
with 5-bromodeoxyuridine (BUDR).

MATERIALS AND METHODS

Experimental fish were obtained from markets in Fuzhou and Beijing. Sixteen samples 
of M. albus and six Ctenopharygodon idellus samples were used for this study. Fish blood 
lymphocytes were cultured using the conventional method as follows: 1) the method of
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preparing high-resolution chromosomes was the same as that used in our previous re
search (Liu, 1986); 2) in order to determine the effect of the dosage on fish chromosomes, 
we added different dosages of BUDR (10 jig/ml), 50-100 p.g/ml) to cultures and cultured 
them for two cell cycles before harvesting the cells. The SCDs were identified in the air- 
dried chromosomes using a modified FPG method (Liu, 1984).

RESULTS

Many elongated chromosomes with high-resolution G-bands were observed in cells 
treated with BUDR (Plate I, 1-6; Plate II, A-B). However, not all full-metaphase mitotic 
figures possessed elongated chromosomes. Although all mitotic figures were of full- 
metaphase chromosomes, different contractional states were observed in these 
chromosomes (Plate I, 1-3). Most late-metaphase chromosomes contracted but still 
showed clear G-bands.

Full-metaphase mitotic figures with chromosomes of different lengths were made into 
G-banded karyotypes and compared; it was found that chromosomes of different lengths 
had different numbers of bands. As chromosome length increased, band numbers also 
increased. As shown in Plate II, A, from three full-metaphase mitotic figures with 
chromosomes of different lengths (of which the G-band numbers in each pair of elongated 
chromosomes nearly exceeded that of the shortened chromosomes), the bands of eariy- 
metaphase chromosomes showed a more obvious increase. In the same mitotic figure, 
however, not all of the chromosome bands showed such an obvious increase; although 
some chromosomes of elongated early-metaphase were longer than that of the full- 
metaphase, the band numbers, such as in chromosome pairs No.4 and No.6 (Plate II,B), 
did not increase. The band numbers of each chromosome in mitotic phase in M.aibus ap
peared definite. Therefore, when chromosomes became too elongated, the bands were 
not as clear as those of full-metaphase chromosomes.

An increase in the number of chromosome bands treated with BUDR clearly showed 
the subdivision of dark bands. Although some light bands of chromosomes divided into 
sub-bands, such as chromosome pair Nos. 2, 3, 8 (Plate II, A), one light band became 
subdivided into three sub-bands. Dark bands of chromosomes were also observed to sub
divide into sub-bands. For example, one dark band in the shortened chromosome sub
divided into 3,5 or 7 sub-bands in the elongated chromosomes (Plate II, A, chromosome 
pair Nos. 1, 2, 4, 5 and X chromosome; and Plate II, B). The subdivided degree of dark 
band in the centromeric region was also different During, mitosis from prophase to 
metaphase, chromosomes became shorter; these sub-bands fused into the original num
ber of dark bands. The degree and time of contraction of each band of one chromosome 
were uneven (Plate II, A, chromosome pair Nos. 1-5). The middle dark bands and the dis
tal end of the centromere contracted more and earlier than that of the other bands.

Results showed that, after large dosage treatment through two cell cycles, two strands 
of DNA double helix substituted by BUDR ("BB" chromatids) become longer than that of 
one strand of DNA double helix substituted by BUDR ('TB" chromatids). This caused the 
chromosomes to afc (Plate 1,4); for small dosage treatment (Plate 1,5), such phenomenon 
was not observed. In shortened late-metaphase chromosomes it was evident that the "BB" 
chromatids were longer than the "TB" chromatids (Plate 1,6).
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PLATE 1. Liu Lingyun: Analysis of High-resolution G-banding 
Pattern in Fish Chromosomes Treated with BUDR 
Mitotic figures of cultured blood lymphocytes in Monopterus 
albus (1-5) and kidney ceils in Ctenopharyngodon ideilus (6) 
1) Metaphase chromosomes with high-resolution G-bands; 
2,3) Metaphase chromosomes with G-bands in different con
tractive degrees;
4) "BB" chromatids treated with large dosages of BUDR show 
obvious elongation;
5) "BB" chromatids treated with small dosages of BUDR do 
not show obvious elongation;
6) S hortened  la te-m etaphase chrom osom es; "BB" 
chromatids are longer than “TB" chromatids.
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PLATE 2. Liu Ling-vun: Analysis of High-resolution G-band- 
ing Pattern in Fish Chromosomes Treated with BUDR 
A) Comparison of G-band karyotypes from three mitotic 
figures of different length chromosomes in the cultured blood 
lymphocytes of M.aibus. The chromosomes of each No. from 
left (high-resolution) to right became gradually shortened 
(Tentatively named XY); B) Chromosome Nos. 4 and 6 of five 
mitotic figures from left to right elongated early-metaphase, 
elongated full-metaphase and shortened full-metaphase 
chromosomes.
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DISCUSSION

1. Relationship between BUDR treatment and G-banding

It is known that during the S phase of a cell cycle, BUDR is incorporated into' 
chromosomal DNA substitute thymine(T) and combines with adenine(A). At different times 
of BUDR incorporation, G-bands, R-bands or BG-bands can be observed. It had been 
proved experimentally that chromosomal DNA has a clear sequence of replication 
(Adegoke and Taylor, 1977; Braun and Will, 1969;Cawood, 1981; Dutrillaux et al., 1976; 
Taylor, 1960), and that each band of each chromosome may have its own replication time 
(Dutrillaux et al., 1976). In general, the pale (light) G-bands replicate before dark G-bands 
(Cawood, 1981; Calderom et al., 1973; Dutrillaux et al., 1976; Ganner et al., 1971). When 
BU is incorporated into early S phase, it forms light G-bands and is then eliminated. In nor
mal culturing during the late S phase, the dark G-bands become replicated and G-band
ing is thus obtained. If BUDR is incorporated into late S phase, R-banding Is obtained. By 
incorporating two cell cycles, BG-banding is obtained. Dutrillaux et al. (1981) found that 
BUDR at a final dose of 200 p.g/ml appears to block the cell cycle at the middle of the S 
phase, resulting in high-resolution G-banding. In fish chromosomes, a final BUDR con
centration of 50-100 î g/ml, may block the cycle; even a concentration of 30 p.g/ml can 
trigger the block function. The mechanism of BUDR block is still unknown, but It is as
sumed to be similar to the mechanism of thymidine block in that it Inhibits the synthesis 
of deoxycytidine (Dutrillaux and Viegas-Pequignot, 1981). The results of this study using 
BUDR are identical to results obtained with the previous trypsin method of revealing G- 
bands (Liu, 1983) and confirms that the results of this study were high-resolution G-band
ing.

2. On the relative constancy of chromosome band numbers

It can be seen from the results that, under the same experimental conditions and with 
the same BUDR treatment, chromosomes with different lengths and different number of 
bands were obtained. With increased chromosome length, the band numbers also in
creased, and each had its own characteristics. This indicated that chromosomes under
go dynamic and regular change and that the bands of chromosomes are relatively 
constant and exist naturally. When the chromosomes became contracted, the bands fused 
and therefore decreased in number. When the chromosomes became elongated, the in
trinsic bands were revealed. Findings from chromosome scanning electronmicroscopy 
are similar to our conclusions (to be published in a separate paper). As observed under 
a scanning microscope, the chromosomes without banding treatment had many regular 
bands appearing along chromosomal long axes in a perpendicular direction; these bands 
were made of chromatin fiber and were coiled and folded in different degrees of density. 
The bands in which the chromatin Fiber was closely coiled appeared to be the dark G-band 
position of chromosomes. This is consistent with the views of other scholars (Comings, 
1976,1978; Jhanwar and Chaganti, 1981; Okada and Comings, 1974) who proposed that 
dark G-bands of somatic chromosomes corresponded to the pachytene chromomeres of 
meiosis. The chromosome band numbers are relatively constant. It appears that relative 
constancy is not only related to the advanced organization of chromosomes, but may also 
be related to the composition and arrangement of base pairs of chromosomal DNA.



168
Chinese Journal of Genetics

It was found that the A-T base pairs are distributed along the whole lenath of

^  G ' b 3 n d S  W 8 f S  r i C h  i n  A *T  a n d  t h e  l l g h t  G * b a n d s  r i c h  *" G-°  
iltinn  19? ‘ 2aJh?rov et aL (1974) considered that the BUDR might cause elon
gation of late-replicated chromosome segments. In fish chromosomes, after BUDR treat-

1 °" e .of the dark G-bands can become subdivided into 3, 5 or 7 sub-bands It
S n X T V h ^  G'bands f0rmed after subdivisi°n were the early-replicated sub
bands. In he sub-bands the BUDR replaced T. With large dosages of BUDR full replace-

BUDR treatm ? ?  ”  *  re'a,ed “  l* W  ^ubdlvteloa In fish chromosomes with
•ha. of light G tod“ “  ̂  beca™ dMdad W °  " W * " » « **han

3. Chromosomal elongation and shortening

Based on ISCN in human high-resolution G-bands from prophase to metaphase it

OSCN Is a T n ^ r ^ f H 11 Cfĥ 0H0ma' re9i0nS C° ntraCt 6qUally and(ISCN, 1981). In our study of fish chromosomes, the contraction of each band of one
c ocTosomewas unequal and did not occur simultaneously. When chromosomes con-
nra ed f" d sh0Krtened' the subdivided sub-bands of the original dark band contracted ex- 
penenced much more contraction; light band contraction was uneven.

rn t.H W n ^ tf'0^ 050?163,1 W3S f0Und that incorPoration of large dosages of BUDR 
could block the ceil cycle at the middle of the S phase and could cause the chromosomes

B u S S S lS iChromosome elon9ation is not the same as inhibited contrac- 
shQr t ^ 2 - ^ DRh I ?  late'metaPhase chromosomes, most chromosomes became 
s ened, this showed treatment did not inhibit contraction. This case differs from our
J r “  chromosomes (1986)- With MTX-treated chromosomes, 
most late-, full- and even early-metaphase chromosomes were almost the same lenqth It

t t o  to ?  wahaL ^ R P,'ayt , a 2 * the inhibited “ "“-a“ 10" <*#» chromosomes, L e e  the 1960s, with BUDR-treated chromosomes, scholars have noted that BUDR may cause
chromosomes to elongate (Hsu et al„ 1961; Palmer et al„ 1965; Zakharov e t T
We investigated the possibility that BUDR's ability to facilitate elongation Is related to

¿f e l l  a ,IarSe ^  ama" dosases 01BUDR and ¡"cctporatlon of cells afteftwo 
BUDR w wi w K be Sean that 018 SCD Chromosomes Incorporated with large dosage of 
BUDR, B8- chromatids and TB- chromatids cause chromosomes 1  am This

L  B U D ^ Z e  d o r “36"' ̂  f  ,;omosomes treated wlth »"all dosages. This showed 
the BUDR in large dosages may fully substitute the T of DNA base pairs and make the
S t m  ° n9f . ,han thal ° f ona strand incorporated. BUDR or 5-bromouradl (BU) are

%  cT bu co m L irW: epCrdRl ° r,hymine 1 ° NA- BU d fc a  W  T " H i e  ss te C of BU combine with Br. and 5 site C of T combine with CH3. In general BUDR’s 
ngs ion unction relates to interference in the tertiary structure of DNA (Hsu et al 1961 •

Palmer et M<& ; Yunis et al., 1977; Zakharov et al.. 1972) and appears alsotorelate to 
the function of 5-bfbmouracil in the DNA molecule.
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Studies on Chromosome Ultrastructure in 
Several Animal Species*

Fel Qing** and Uu Ung-yun

(Department of Biology, Beijing Normal University)

The metaphase chromosomes prepared by a surface-spreading technique and critical 
point drying method in mammalian and fish cells were observed with SEM. The 
chromosome bands were observed without treatment of G-banding. The stereographi- 
cal examination revealed that chromosomes were composed of chromatin fibers with 
diameter of about 300 À. Two chromatin fibers arranged parallel to the axis of the 
chromatid stretched into the chromosome arm.

Key words: Mammalian cell; Fish cell; Chromosome; Ultrastructure
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Many studies on the chromosome ultrastructure using transmission electron micros
copy were performed in the 1950s (Ris, 1956; Dass and Ris, 1958; Nebel, 1959). At that 
time, due to the limitations in the technique of ultrathin sectioning and the electron 
microscope (EM) itself, these studies were limited to the diameters of chromatin fibers and 
the electron densities at different parts of the chromosome body. The chromosomes 
prepared by an ordinary air-drying technique were first examined with scanning electron 
microscopy in 1967 (Christenhuss et al.; Neurath et al.). They seemed to be covered with 
membrane and concavity was observed in the centromere regions; the structure of the 
chromosome was obscure. To peel off the membrane, the chromosome were treated with 
trypsin and the bands were observed. In 1970, the spiral structure of chromosomes and 
the chromatin fibers extending from them were observed by scanning electron micros
copy combined with transmission replica method (Tanaka, 1970).

Golomb and Bahr (1971) first used the surface-spreading technique and the critical 
point drying method to prepare human chromosomes under scanning electron micro
scope (SEM) and observed the twisted looping fibers of chromosomes, but the ultrastruc
ture of chromosomes was still obscure. Since then, scientists have used different 
procedures, such as the surface-spreading technique, the Isolation and fixation method 
(Dascal, 1979), the whole mount technique (Rattner and Uamkalo, 1978) and the frozen- 
resin cracking method (Tanaka and lino, 1973) to prepare the specimen. Using the

•The subject was supported by the National Natural Science Foundation of China.
••N o w  a Researcher of Cancer Institute, Chinese Academy of Medical Science.
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surface-spreading technique and a high resolution SEM. the appearance and features of 
chromosomes which are composed of nodular twisted looping fibers (about 300 A in 
diameter) have been clearly observed (Utsumi, 1981;1982).

AJthough many investigations have been conducted abroad on chromosomes with 
EM, only a few discernible photographs were obtained. This was due to the difficulty in 
preparing the specimen. At home, although a few studies were done on chromosomes 
examined by EM (Zhao et al.,1980; Zhou et al.,1983), details of chromosomes composed 
of chromatin fibers (about 300 A in diameter) were not Identified. To date, the problem of 
chromosome advanced ultrastructure remains unsolved; it is not yet known how the 
chromatin fibers of 300 A fold and twist to form chromosomes and what is the structure 
of the centromere, secondary constriction and banding.

Generally, human and mammalian chromosomes are widely used in studies on 
O K ? 6 ultrastructure by SEM- but until now, fish chromosomes have not been 
■ J?‘f dThls Paper deals with SEM observation of chromosome ultrastructure in CHO, 
B-RS-2 cell lines and fish cells, and in particular, the ultrastructure of fish chromosomes!

MATERIALS AND METHODS

1. Materials
CHO and IB-RS-2 cell lines, the kidney cells of Carassius auratus and the lymphocytes 

of Monopterus albus were used In our experiments.
2. Methods
1) Cell culture in vitro: The kidney cells of Carassius and lymphocytes of

Monopterus albus were cultured mainly by the routine culture method of our laboratory 
(uu, 1980;1981). 7

2) Chromosome preparation: On the basis of the methods developed by Gall (1966) 
Kleinschmidt (1968), Golomb and Bahr (1971) and Utsumi (1982), some modifications 
have been incorporated into our experiments.

a) Surface-spreading technique and critical point method: The cultured cells were 
centrifuged at 1000 rpm for 10 min then resuspended in a small amount of Hank’s buffered 
saline solution. A tiny amount of this cell suspension was placed upside-down on a piece 
of Formvar-coated glass, touching the convex surface of water in a trough filled to the

£bATE 1 Fei Qing et a!.: Studies on Chromosome Ultrastructure in 
Several Animal Species
1) pie chromosome of CHO cell line prepared with culture in situ 
surface-spreading technique and critical point method; without treat
ment of G-bandlng, the chromosome bands are observed. In the 
centromere region, two chromatin fibers, parallel to the axis of the 
chromatid, stretch Into the chromosomes arms. Arrowheads indi- 
cate the centromere (x 11,000); 2-4) The chromosome of the IB-RS- 

w ’.prepar(ld with the surface-spreading technique and critical 
P ^ V r 9 melhod: 2) The twisted looping fibers are arranged 
orderfy throughout the entire chromosome body. Arrowheads indl-
ï æ K ? ' # (X 15’°°°): 3) At,he centromere region, two chromatin fibers are arranged parallel to the axis of the
chromatid and stretch into the chromosome arms; in the relatively 
loose parts, the chromatin fibers resemble radial loops. Arrowheads 
indicate the centromere region (x 23,000); 4) A portion of the 
chromosome; twisted looping fibers spread from the chromosome 
body at random (x 25,000).
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brim with distilled-deionized water. The surface tension of the water ruptured the cells, 
releasing the nuclei and chromosomes. The wet specimens were quickly submerged in 
30% ethanol and dehydrated In ascending concentrations of ethanol (50%,70%,90% and 
absolute ethanol). The specimens were then put through isoamyl acetate arid critical 
point-dried with vaporizing liquid carbon dioxide.

b) Culture In situ surface-spreading technique and critical point method: The sterilized 
micropieces of glass (9 mm2) were made from cover glass and placed in a culture bottle 
After generation, the cells grew on the micropieces of glass and became cultured in situ.

* These cells were prepared into chromosomes with the surface-spreading technique.
At the same time, chromosome preparations were made by the ordinary air-drying 

method in an effort to compare this method with those mentioned above.
c) Sputter-coating: The specimens were sputter-coated with gold in an ion-coater 

(Eiko, Engineering, IB-3); the coating was made at 2 mA for 3.5 min.
3) Scanning electron microscopy: SEM examinations of surface-spreading 

chromosomes of CHO, IB-RS-2 Carassius auratus and Monopterus albus were made with 
an Hitachi Scanning electron microscope, X-650. High resolution examination of surface
spreading chromosomes of CHO which was cultured in situ were made with a Coates 
Welter field emission type SEM, HPS-50B.

RESULTS

The chromosomes of four animal species were observed clearly with SEM and 
. P£SEM. T*10 separation between two chromatids and the centromere region were dis-

cern,ble (piate !* li2‘3 and Plate M.M). As shown in Plate 1,1,2, the chromosomes were 
composed of twisted looping fibers. The chromosome bands were observed without 

* treatment G-banding, but the chromosome membrane was not observed.
In the centromere region the chromatin fibers were distinguishable. Two chromatin 

fibers which passed through the centromere were parallel to the axis of the chromatid and 
stretched into the chromosome arms.

For different degrees of the chromosome spread, the spreading states of chromatin 
fibers were not the same. Chromosomes that showed some spreading possessed bands 
composed of different spreading chromatin fibers that were orderiy arranged (Plate 1,1). 
In régions of densely coiled chromatin fibers, the fibers formed rather wide and convex 
bands. In regions of sparse, rarely coiled chromatin fibers, the fibers were rather narrow.

PLATE 2 Fei Qing et aJ.: Studies on Chromosome Ultrastructure in 
Several Animal Species
1-3) The chromosome of the kidney cell of Monopterus albus 
prepared with surface-spreading technique and critical point drvina 

• method. 7 y
1) The telo-centromere and the separation between the chromatids 
are discernible. Arrowhead indicates the centromere region, (x  
26,000); 2) A centromere region between two separated chromatids 
and twisted looping fibers are present. Arrowheads indicate the 
centromere region (x  32,000); 3) Twisted looping fibers are clearly 
observed (x  33,000); 4) The chromosome of the lymphocyte of 
Carassius auratus, prepared with the air-drying method. Two 
chromatin fibers can be seen between the arms parallel to the axis 
of the chromatids. Arrowheads indicate the centromere region (X
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CHARACTERISTICS OF HIGH-RESOLUTION G-BANDING 
IN FISH CHROMOSOMES AND STUDIES ON HIGH- 

RESOLUTION G-BANDING PATTERN IN 
MONOPTERUS ALBUS

Liu Lingyun Fei Qing Liu Yan

The methods of fish chromosome high-resolution G-banding and chromo
some scanning electron microscopy are used. Combining the  chromosome 
bands w ith  the  chromosome ultrastructures, th e  characteristics of fish chro
mosome high-resolution G-banding is analysed. The high-resolution G-banded 
karyotype of M  albus is made and analysed.

K e y  words fish, chromosome, G-banding.
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December 30, 1988

Dr. J. Holcik
Laboratorium Rybarstva a Hydrobiologie
Drienova 3
826 24 Bratislava
Csechoslovakia

Department of Fishery and 
Wildlife Biology 

Fort Collins, Colorado 80523

Dear Dr. Holcik:

I was most happy to receive a copy of the English translation of the 
huchen book. It is a treasure of information as a reference source on 
this genus. I would like to thank and congratulate you and your 
coauthors.

I obtained a copy of the Annual Bulletin of the Freshwater Fish 
Protection Association (Japan), No. 11, 1985 (in Japanese). In this 
bulletin are two papers (translated from Chinese into Japanese): 
"Discussion on the geographical distribution of the salmonid fishes of 
China" by Li Sizhong and "A study on the Yangtzekiang salmon, Hucho 
bleekerl Kimura" by Liu Chenhan.

I had English translations made, but found little detailed data for 
clarifying the taxonomic position of bleekeri. Scale counts "along" the 
lateral line are given as 120-146, 36 scales above the lateral line and 
72 scales before the dorsal fin. Gill rakers 5 + 9  and "10 or more 
relatively large teeth are present on the hyoid bone." Since no 
illustrations accompanied the article, I suspect the "hyoid" teeth are 
teeth on the tongue rather than basibranchial teeth. The article by Li 
points out that in the late Pleistocene (and probably previous glacial 
epochs), conditions were favorable for fishes such as salmonids from the 
north to invade the Yellow and Yangtze rivers. The implication is that 
bleekeri is not an ancient relic but perhaps of rather recent origin -- 
only a subspecies of Hucho hucho. The taxonomic data provided in Liu's 
paper is not sufficient to adequately classify bleekeri, however. Liu 
had previously described the southernmost form of Brachymystax as a new 
subspecies, B. lenok tsinglingensis (18-23 gill rakers and 51-75 caeca) 
from small areas of the Yellow, Lo, and Han river basins.

I also have a Chinese book on Sinkiang (or Xinjiang) Province. A color 
photo of huchen appears in this book (mainly close-up photo of head with 
reddish coloration around the eye). The pertinent text translates as 
follows: "In Hannas Lake, a kind of fish called redfish of the genus 
Hucho occurs. They attain a size to more than 10kg. Five other species 
of fish also occur in Hannas Lake, the northern pike, Siberian bream, and 
three "Cyprinid" species.

From maps I have examined, Hannas (or Manas) Lake is a lake in a 
desiccating basin in northern Sinkiang, just to the south of the 
headwaters of the Irtysh River basin. I believe the Hannas Lake huchen 
is a new distributional record. It probably represents a late 
Pleistocene origin from the Irtysh basin.
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BIOLOGICAL STUDIES OF B R A C H Y M Y S T A X  L E N O X  
(PALLAS) IN THE YALU RIVER

• . ‘Ĥ C ••■ *j|

Huang Haoming, Zhang Delong, Zliuang Longjie and Du Xiaoyan
(Fisheries Research Institute of the Jilin Prorinee, Changchun)

■ *$¡¡02;. • Abstract -
'̂-Mk '■: -; : ' ^4'.‘|

•4«!<*'Brachymystax /MB§ (Pallas), a landlocked salmonid fish, is one of the .most important 
¿'commercial fishes in the Yalu River. Morphologically, its characteristics generally agree 
lwith the description of the same species reported from other river-systems; the numbers of 
¿pyloric caeca, gill rakers, and scales along the lateral lirie among different populations appear 
■|tp have certain overlapping.

Reproduction .of this fish was studied, at one of its spawning grounds located about 5 
Jtilometers above the mouth of Shi-san-dao-gou stream. Spawning takes place from early April 

f o  late May, but mostly in late April. Spawners are mainly 4 years of age and the smallest 
^nature female collected was 309 mm in length. The ¡absolute fecundity of individual fish 
franging 2S5— 43S mm in length and 315— 109Sg in weight varies from 1629 to 3119(2194 in 
^average). The relation ship between fecundity and body length can be described as N =  
&54924L —1297.3246, and that between fecundity and body weight as N =  2.2207W 4-641.634. 
Eggs, 3 5— 4.0 mm in diameter, are deposited in gravels. Under indoor conditions and at a 
temperature of 5.3— 9.0°C, the hatching of the artificially fertilized eggs takes about 625 hours. 
p%*lBrachymvstax lcno\ is a voracious fish, feeding mainly on benthic insects and small fishes, 
such as fry and juveniles of Lttictscus walccl(ii, lota, etc. ,
¿ ¿ ’•' Scales have been used for the determination of age and growth of the fish. It shows that 
a three-year-old individual attains 356 mm in length and a five-year-old individual reaches 
3S9 mm in length. The length-weight relationship for females can be described by the equa
tion W  — 0.004509L2'8978 and th a t fo r males by W == 0.002486L2-5MS. 
i Suggestions 'cbncefr.iii£. fishery management of this fish are proposed..

k[ey words Brachymyslax leno\ (Pallas), Biology
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The biological Study of Brachymystax (Pallas) in Yalu River

The Brachymystax lenok only exists in Russia, Mongolia, Korea and 
China. In P. R. China, it exists in the Heilongjiang River, the 
Tumenjiang River, the Yalu River, the Taizi River (a branch of the 
Liao River), the upper Xiaoluan River, the Tsingling Mountain, and 
the Erqisi River. The B. lenok is one of the most important 
commercial fish of the Yalu River. A total of 590 specimens were 
collected from branches of the Yalu River (13th, 14th, 16th, 19th and 
23th branches) from 1983 to 1985.

The Characterization

The main characteristics are listed in Table 1.

Table 1: Morphological character of the B. lenok from the Yalu 
River.

Esterase isozyme of livers and hearts from specimens collected in 
the Xiaoluan River in the Hebei Province, and the Yalu River in the 
Liaoning Province were analyzed. This analysis proved the B. lenok 
from the two rivers are the same species. See Table 2.

Characteristics
Body depth to body length ratio: .... .
Head length to body length ratio: .........
Snout length to head length ratio: ........
Eye diameter to head length ratio: ........
Eye distance to head length ratio: ........
Caudal peduncle length to head length ratio
Caudal peduncle depth to head length ratio:
Lateral line scale number: ......... .......
Number of pyloric caeca: . . . . . . . . . .
Number of gill raker: .................... .
Vertebrate bone:-..'.........................

4.0- 5.1;
4 . 1 -  4.7 ;
3 . 1 -  4.0 ;
3.4- 4.9; 
2.9—3 « 5 ;
1 . 2 -  1.5;
2 . 5 -  3.3 ; 
111-158; 
61-84;
20-24;
58-60.



Table 2: Comparison of morphological characters of B. lenok from 
various rivers.

River Gill rakers Pyloric caeca Lateral
scales

Yalu 20-24 61-84 111-158
Tumen 20-24 60-77 132-166
Songhua 24 98-104 132-168
Tsingling s 63-95 115-156
Erqisi 2<C2jJ 80-102 113-129
Heilongjiang 19-22 91-111 135-175
Xiaoluan 19-21 63-91 119-164

From our study , we conclude that the fishes from different
belong to one species, Brachymaystax lenok (Pallas).

Reproduction

The spawning season is from April to May each year. The ratio of 
fertile to infertile fish during the spawning season was 17.89 - 
7.14.
The minimum mature female fish weighs 450 g, has a 309 mm body 
length, and is 4 years old. The minimum mature male fish has a 214 
mm body length, weighs 225 g, and is 3 years old. Table 4 lists 
the sex ratio of the B. lenok species (in the 13th branch).

Fishes of a 285-438 mm body length and 315-1098 g body weight have 
a fecundity of 1629—3119 eggs. See figures 1 and 2.

Spawning-ground

Shisandaogou (13th branch of the Yalu River) is the main spawning 
ground.
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Natural Resource protection

From the Annals of Changbai County (1937) , we know that in the Yalu 
River and its branches the B. lenok annual production was 36 
percent of the total annual fish production. During the 1950's, 
the total production of the fish in Changbai County was 50 tons. 
Since then, the production has dropped dramatically. The body 
length of the minimum mature female became shorter. For instance, 
in 1969 the mature female's body length was 382 mm; in 1985, it was 
309 mm. However, the reproduction ratio has increased. The 
fecundity was 1846 pieces in 1969, and 2194 in 1985. We concluded 
from above figures that the natural population structure of B. 
lenok has been destroyed, and its self-adjustability has reached 
its maximum. Therefore, the protection of this fish is urgent.

Reasons for decline

A. Over fishing during spawning season;
B. Dams blocking migration and altering river flow;
C. River pollution.
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Conservation of Rare Marine fishes in Taiwan 
with Emphasis on the Coral Reef Fishes

Shao, Kwang-Tsao
Institute of Marine Biology, National Taiwan Ocean University 

Keelung, TAIWAN, R.O.C.

Institute of Zoology, Academia Sinica 
Nankang, Taipei, TAIWAN, R.O.C.

Abstract
Although a. more precise estimate is needed, probably one- 

third of the 2,400 marine fish species in Taiwan are rare. Espe
cially more than half of the 1,500 coral reef fishes species in 
Taiwan are rare, vulnerable, or endangered. Long-term overfish
ing, illegal fishing methods, pollution, habitat destruction, 
expanding trade in aquarium fish and other factors threaten coral 
reef fishes, sometimes even before we are aware of their 
presence. Unfortunately less attention has been given to the loss 
of the marine fishes than to the freshwater fishes or terrestrial 
animals. Certainly everyone agrees that marine biodiversity is at 
least as important as terrestrial biodiversity, but often it is 
given lower priority, no doubt because of presumed lack of infor
mation or difficulty of research. These should be recognized, but 
they should stimulate research rather than hinder it. Also, 
marine fishes clearly are wild-animals and should be included in 
any wild animal assessment and conservation.

Some marine conservation actions have been initiated or taken 
in Taiwan in the last ten years. These include the policy of 
zero-growth of annual fishery production, creation of several 
marine sanctuaries, promoting the projects of mariculture (in
cluding establishment of artificial habitat), encouraging marine 
biodiversity and ecosystem research project and establishing 
planning groups for several new marine museums and aquaria. To 
demonstrate the above points, our research experiences and the 
conservations status of marine fishes in Taiwan will be presented 
and discussed. However, to date only two species of marine fish 
have been listed in the endangered species list which has hin
dered legel efforts for protection. Thus, in future, We hope that 
the IUCN can help to increase awareness on the need for protec
tion of marine fishes of the world, and that conservation of rare 
marine fish species can receive more attention by the government 
and the people of Taiwan.
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Aploactinidae Er isohex simplex Chen (1981)
Qcosia spinosa Chen (1981)

Apogonidae X*= Apogon cheni Hayashi (1990)
Archamia goni Chen & Shao (1993)

Berycidae Centrobervx rubricaudus Liu & Shen (1985)
Congridae $ i$ % ft Gorgasia taiwanensis Shao (1990)
Creedidae i j ^ f t Limnichthvs s d .
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N. rotunda Chen (1981)
Ser rani dae Plectranthias chungchowensis Shen & Lin (1984)
Silîaginidae t y $ $ f t Sii lago microns McKay (1985)
Tripterygiidae Jz3t$Mft Enneatterygius so. ¡ p l M
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FRESHWATER FISH CONSERVATION IN JAPAN

Hiroya kawanabe
Centre Ecological Research and Department of Zoology, 

Kyoto university, kyoto, 606-01 Japan

and

EizoKimura
Freshwater Fish Protection Association, Dojima, Osaka, 530

Japan

A B STR A CT

Freshwater fishes are " generalists 1 in ecological sense. Unfortu
nately, however, its broadness is not enough tolerant to serious 
environmental change at present caused by human activity.

On the Red Data Rook of Japanese freshwater fishes recognized by 
Environmental Agency of Japanese Government, are there 2 extinct 
subspecies, 16 endangered species, subspecies or forms, 6 emergent 
species, subspecies and forms, and 17 rare species and subspecies in 
Japanese Archipelago (Kawanabe, 1991).

General situation of freshwater fish conservation in Japan especially 
in relation to physical environment and importance of intraspecific 
diversity was read in the First International Symposium on Wildlife 
Conservation at Taipei in 1991 by the senior author. So, in this article, 
we would like to present some typical situations of conservation 
program in endangered freshwater fishes in Japan.
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CONSERVATION OF FRESHWATER FISHES IN THE UNITED STATES 
Robert J . Behnke
Department of Fishery and Wildlife Biology 
Colorado State University 
Fort Collins, CO 80523

ABSTRACT
As of 1992, about 100 species, subspecies, and populations 

of freshwater and anadromous fishes were listed under the 
National Endangered Species Act for the United States. In 
addition, 180 fishes were under review for listing. The American 
Fisheries Society's list of fishes endangered, threatened, or of 
special concern contains 364 species, subspecies, and unnamed 
taxa for the U.S., Canada, and Mexico. Three genera, 27 species, 
and 13 subspecies are known to have become extinct during the 
past 100 years in North America. The Endangered Species Act has 
had mixed results in relation to achieving its goal of 
preservation of biodiversity. Other countries can learn from the 
mistakes and failures of fish conservation in the United States.

INTRODUCTION
Public perceptions of environmental issues influences public 

policy and law, and gradually have influenced the management of 
fish and wildlife. During the past 40 years conflicts between 
consumptive or recreational uses of fisheries and the 
preservation of native species have become apparent. The Miller 
Lake lamprey, Lampetra minima, was deliberately exterminated in 
its sole habitat in the 1950's in order to make a more efficient 
sport fishery based on hatchery-stocked rainbow trout (Miller, et 
al. 1989). IN 1962, about 500 miles of the Green River and its 
tributaries were treated with a toxicant to eliminate all fishes 
so that the newly created Flaming Gorge Reservoir could be more 
effectively used to grow stocked rainbow trout, a non-native 
species. The fisheries agencies of Utah and Wyoming issued a 
brochure at the 1962 meeting of the American Fisheries Society 
detailing the need for such a massive poisoning operation-— to get 
rid of "trash" fish such as squawfish and bonytail. The 
poisoning of the Green River eliminated four now endangered 
species, Colorado squawfish, bonytail, humpback chub, and 
razorback sucker from a large part of their range in the upper 
Colorado River basin (Holden 1991). Such actions caused the U.S. 
Congress to pass an Endangered Species Conservation Act in 1964 
which influenced some change in emphasis for natural resource 
management in regards to at least an awareness of native species 
preservation. The Endangered Species Act of 1973 and subsequent 
amendments gave much stronger enforcement powers for preventing 
extinctions. By 1992, about 100 species, subspecies, and forms 
of freshwater and anadromous fishes were protected under this act 
and 180 fishes are under review for listing. The American 
Fisheries Society has listed 364 species, subspecies, and unnamed 
taxa of fishes as endangered, threatened, or of special concern 
in the U.S., Canada, and Mexico (Williams, et al. 1989). During
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the past 100 years, two genera, 27 species, and 13 subspecies of 
freshwater fishes have become extinct (Miller, et al. 1989).

Most of the endangered and extinct fishes are of the 
families Cyprinidae, Percidae (darters), Cyprinodontidae, and 
Poecillidae. The most common causes of endangerment are 
environmental alteration and introductions of non-native fish 
species. The American Southwest is the most severely impacted 
region in regards to loss of native fishes. This is due to its 
arid climate resulting in intensive development of water storage 
and water distribution projects and a depauperate native fish 
fauna not well adapted to coexist with non-native species in 
modified environments.

THE ENDANGERED SPECIES ACT
The definition of a species in the Endangered Species Act 

includes subspecies and their parts (to population level). Such 
an all encompassing definition is necessary if the goal of 
preservation of biodiversity is to be achieved. Since 1991, 
three races (populations) of Chinook salmon, Oncorhynchus 
tshawytscha, and one race of sockeye salmon, 0. have been
listed as threatened or endangered under ESA. The ramifications 
of enormous economic consequences concerning instream flow in the 
Columbia and Sacramento rivers to preserve these races of salmon 
have led to a concerted effort to modify (weaken) the Endangered 
Species Act, especially the definition of "species". Because of 
economic and political considerations, strict enforcement of ESA 
has often been lax. This has led to criticism regarding the 
effectiveness of ESA to "preserve and protect". Williams, et al 
(1989), comparing the 1979 and 1989 American Fisheries Society 
lists, mention that "not a single species warranted removal from 
the list because of successful recovery efforts". To date, the 
only way fish species have been removed from either the federal 
ESA list or the AFS list is to become extinct. It is obvious 
that the noble intentions of the Endangered Species Act are far 
from fulfilling its goal of the preservation of biodiversity.
For successful programs to preserve biodiversity, other countries 
can learn from American mistakes and failures.

CONSERVATION STRATEGIES
Two major issues are basic for a goal of preserving 

biodiversity. The fist concerns the reasons, the rationale why 
should we prevent extinctions? The second issue concerns the 
definition and identification of units of biodiversity— the 
Significant Evolutionary Unit (SEU).Reasons for preventing extinctions can be grouped into two 
categories: 1. Morals and ethics— a rationale of stewardship or
duty to nature to preserve for posterity, and 2. a more applied 
argument concerning benefits to humans derived from maintaining 
biodiversity. No single reason or argument will be persuasive to 
all people. My advice is to be eclectic, pleuralistic, and 
opportunistic— what strategy might work best in a particular 
situation. 1 T
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In a recent paper (Behnke 1993), I addressed the question: 
what is a species and its implications for conservation programs. 
Because species concepts and definitions vary and because 
formally described taxa are not valid guidelines for 
characterizing biodiversity, other criteria are necessary to 
define units of diversity. Many attributes of diversity must be 
considered to characterize a Significant Evolutionary Unit. 
Quantitative methods for measuring genetic divergence should not 
be the sole or dominant determinant for the SEU. This is because 
of problems of sample size (what is actually measured compared to 
what is in the total genome) and the fact that what is measured 
bears no relationship to what the organism does (the diversity of niche filling).

In another work (Behnke 1992), I made recommendations for 
selection and characterization of SEU's based on the concept of 
"irreplacability"— if a particular unit of diversity becomes 
extinct, can it be replaced?

We are still in the trial and error stage of learning how to 
best preserve biodiversity. The American experience can be 
instructive concerning what to do and what not to do.
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THE TRENDS OF HERPETOLOGICAL RESEARCHES AND 
CONSERVATION IN TAIWAN

K.Y.Lue
Department of Biology National Taiwan Normal University

ABSTR A CT

Currently, scientists are very concerned about the declines on 
amphibian populations and herpetological conservation. Researchers 
suspect that global changes are the major culprits including acid rain,
U.V., environmental pollutions and habitat fragmentation.

Amphibians possess characteristics that would make them good 
biological indicators. These includes : complex life cycle, rapid growth 
rate in tadpoles, intense intra- and inter-specific competition, permeable 
eggs, gills and/or skin, poikilothermy, being unable to response properly 
to environmental change during hibernation.

There are quite a few scientific reports on toxicity studies of reptiles 
0  and amphibians. Scientists urged that more research efforts should be 

taken on ecotoxicological and synergistic aspects. Besides, a standardized 
method should be followed. A series of experiments from laboratory, 
semienclosure to open fields need to be conducted.

Research activities relating to herpetology were reviewed in Taiwan. 
Scientific reports includes systematics, zoogeography, reproductive 
biology, ethology, karyotypes and database. Works on ecotoxicological 
aspects are missing. In addition to follow the recommendations provided 
by the Society for the Study of Amphibians and Reptiles, we have to do 
the inventory survey immediately on the whole island. Meanwhile, we 
also need to evaluate the impacts on herpetological fauna from habitat 
fragmentation.
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GLOBAL AMPHIBIAN DECLINES; CRISIS OR CONUNDRUM?

James L. Vial, Ph.D.*
Center for Analysis of Environmental Change, 200 South West 35th Street, Corvallis, OR 97333, USA

During the past several years there has been increasing public concern for the habitat 
destruction and species extinctions being measured on a global scale. One facet of these 
universal phenomena is exemplified by reports from biologists of a widespread decline in 
amphibian populations.

In response to the expressed concerns of the scientific community, the International Union 
for the Conservation of Nature (IUCN) has activated the Declining Amphibians Task Force. 
The focus of this program is to provide a global coordinating center for invetigators and 
agencies concerned with documentation and determination of causes of these declines.

Overseeing the activities of the Task Force is a Board of Directors, having international 
representation. This directorate is responsible for establishing policies, determining priorities 
and raising funds. A Coordinating Council serves as the operational unit for the program, 
which includes researchers, liaison officers of societies and agencies and others. Among its 
functions are the collating of all available information and establishing a computerized data 
base.

Managed by a coordinator, Council headquarters are situated with the Center for Analysis 
of Environmental Change in Corvallis, Oregon. The coordinator works with the directorate 
to establish working groups of independent scientists and technical personnel.

There is little doubt that many of these amphibian declines are the result of human 
activities. Habitat fragmentation and destruction, pollution, as well as introduced exotics, 
are among the known factors that impact upon native species. However, similar 
observations are reported from many well-protected areas or biological preserves. That 
these events are so cosmopolitan and coincident in their occurrence, and in many cases of 
catastrophic proportions, is an enigma. It is the goal of the Task Force to identify the 
causative agents and make recommendations for remediation.



Recent Studies on Endangered Species of Wildlife in Taiwan

Ming-Lung Jan

Taiwan Endemic Species Research Institute

No.l Ming Shan E. Road, Chi-Chi, Hantou,

Taiwan, R.O.C.

Summary

Taiwan, an island located on the western Pacific rim, 

is bisected by the Tropic of Cancer. With great altitudinal 

differences, rich and complex environments have produced rich 

animal resources(Lin,1985). However serious side effects of 

recent economic development have pushed many species towards 

extinction. In response,the R.O.C. Government passed the Wildlife 

Conservation Law and founded the Taiwan Endemic Species Research 

Institute to practice wildlife preservation.

As announced by the Government, about 19 Taiwan animals are 

currently endangered, including four mammal, nine bird, one 

reptile, two fish, and three insect species. Beginning in 1970, 

eight published accounts of endangered species have included the 

Taiwan black bear, S w i n h o e’s pheasant, Mikado pheasant, Lanyu 

scops owl, Taiwan ku-fish, Taiwan trout, borad-tailed swallow 

tail butterfly, and bird-winged butterfly. The remaining 11 

species urgently need study; these include the Formosan flying 

fox, Chinese river otter, clouded leopard, Hodgson's hawk eagle, 

black eagle, Tawny fish owl, brown wood owl, Tawny wood owl,



maroon oriole, hundred-pace snake, and large purple fritillary.

The previous and recent studies show that we have no enough 

information on the endangered species of wildlife in Taiwan; 

thus, carrying out the following four research stages is of the 

utmost im po rt a n c e : (1) basic population information collection

and protection area settlement sudies. (2) biological and 

ecological studies. (3) in situ and ex situ preservation 

( 4 )  follow- u p  studies.

(Key words; endangered species, wildlife, Taiwan.)

Introduction

Geographically, the island of Taiwan with an area of 36,000 

knf is located on the western Pacific rim. Bisected by the 

Tropic of Cancer, the weahter in Taiwan is influenced not only by 

its tropical and subtropical climates, but also by both 

continental and Pacific Ocean forces. Due to extreme differences 

in elevation,the complex geography produces various habitats 

inclouding alpine forest, low-land jungle, mangrove etc. About 

ten thousand years ago Taiwan was attached to mainland China; 

c o n s e q u e n t l y , much wildlife was introduced into Taiwan from 

subtropical Asia. With the introduction of Homo sapiens, 

competition with wildlife increased. Currently, Taiwan has one 

of the world's highest human population densities; as a result, 

habitats for wild animals have shrunk drastically. Overhunting is 

one of the primary causes of endangered species in Taiwan. In 

response, ecologists and other biologists have used the mass 

media to explain the importance of a balanced ecosystem and 

species preservation; in addition, they have initiated many 

research projects concerning species preservation. The 

Government has lately supported such research and has passed the 

"Wildlife Conservation Law" on June 23, 1989, as well . Official



lists of endangered species, rare animals, and other animals to 

be protacted were issued on August 4, 1989. Currently, lists of 

indigenous wild animals and plants are being systematically built 

up. The Government also founded the Taiwain Endemic Species Reserch 

Institution July 1, 1992. t h e s e e f f o r t s  are all in an attempt at 

wildlife preservation.

Endangered species of wildlife in Taiwan

The term "endangered species "is defined as" those 

species whose population size is at or below a criticial level, 

so that their survival is in jeopardy" (Wildlife Conservation 

L a w ) . There are a total of 19 terrestrial animals on the endangered 

species list, including four mammal, nine bird, two fishe, one 

reptile, and three insect species. The name list was announced by 

the Council of Agriculture on August 31, 1990. Brief information on 

the above species is listed below. The possible distribution of 

these species is presented from Figure 1 to Figure 8.

(l)Mammals

A. Formosan flying fox (Pteropus dasymallus formosus. P.L. Sciater) 

The animal is the member of family Chiroptera, order Chiroptera, 

and is the largest bat in. Taiwan, eating mainly f r u i t . I t ' s  

distribution is mainly in Lutao, with occasional sightings in Lanyu, 

Hualien, Kaohsiung, Taitang, etc.. The total wild population is 

u n k n o w n . (Severinghaus and Liu, 19905 Y u,1990) .

B. Formosan black bear (Selenarctos thibetanus formosanus Swinhoe) 

The omnivorous animal is an endemic subspecies of Taiwan, 

belonging to family Ursidae, order C a r n iv o r a .'iThis is the biggest 

terrestrial animal of Taiwan. The an im a 1 u s u a 11y appears in 

forests at altitudes of between 1000 to 3500 m. The total wild 

population is unknown. (Severinghaus and Liu, 1990» Wang, 1990»
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Yu, 1990)

D. Clounded leopard (N e o f e 1is nebuIosa Griffith)

The animal is an endemic subspecies of Taiwan, belonging to 

family Felidae, order Carnivora. Originally distributed in 

forests at an altitude of about 1000 m., but has not been spotted 

in a long time. The total wild population is unknown and it is 

very rare now. Possible survival sites include Yu Shan and Tawu 

Shan areas. (Rabinowitz, 1988; Severinghaus and L i u , 1990;)

(2) Birds

A. Hodgson's hawk eagle (Spizaetus nipalensis fokiensis Hodgson) 

The carnivorous bird belongs to family Accipitridae, order 

Fa 1 co ni f o r m e s . They are mainly distributed in forests of 

altitudes between 1100 to 2500 m. The total wild population 

is unknown. It is very rare n o w . (Severinghaus and Liu, 1990;

Lin, 1992)

B. Black eagle (Ictinaetus ma 1a y e n s is Temminck)

The carnivorous Black eagle belongs to the same family and 

order as Hodgson's hawk eagle. Its distribution is in forests of 

altitudes between 1100 to 2500 m. The total wild population 

is unknown. It is very rare n o w . (Severinghaus and L i u , 1990;

Lin, 1992)

C. Swinhoe's Pheasant (Lophura swinhoi i G o u l d ) .
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The bird is an endemic species of Taiwan. The bird 

belongs to family Phasianidae, order Galliformes. It eats berry, 

leaf and insects. Its distribution is in broadleafed-coniferous 

mixed forest at altitudes of 300 to 2300 m, The total wild 

population is u n k n o w n . (A 1e x a n d e r ,1988; Severinghaus and Liu,

1990)

D. Mikado pheasant (Syrmaticus mikado O g i 1vie-Grant)

The bird is an endemic species of Taiwan. It belongs to the 

same family and order as Swinhoe's pheasant and has the same diet. 

Its distribution is.at the bottom of forests at altitudes from 

2000 to 3500 m . (Severinghaus and L i u , 1990; Alexander etc., 1990)

E. Lanyu scops owl (Otus eIegans boteLensis Kuroda) ■„

The bird is an endemic subspecies of Taiwan. It belongs

to family Strigidae, order S t r i g e f o r m e s . Its diet includes

insects and other invertebrate animals. Its distribution is only 

on Lanyu Island. The total wild population number is about 200. 

(Severinghaus, 1986; Severinghaus and L i u , 1990);

F. Tawny fish owl (Ketupa k e t u p a flavipes Hodgson)

This carnivorous bird belongs to the same family and order 

as the Lanyu sc,ops owl. Its distribution is in broadleafed and 

coniferous mixed forests. The total wild population is unknown. 

The animal is extremely rare. (Severinghaus and L i u , 1990; Wang 

e t c ., 1991)

G. Brown wood owl (Str i x 1eptogramm i ca Swhihoe)

This carnivorous bird belongs to the same family and order 

as the Lanyu scops owl. It is distributed in broadleafed and 

coniferous mixed forests. The total w i 1d p o p u 1 ation is unknown. 

The animal is very r a r e . (Severinghaus and Liu, 1990; Wang etc.,

1991)

H. Tawny wood owl (Str ix a 1 uco yamadae Yamashina)

This carnivorous bird is an endemic subspecies of Taiwan,



distributed maily in broadleafed and coniferous mixed forests at 

medium and high altitudes. It belongs to the same family and 

order as the Lanyu scops owl. The animal is very r a r e . (Severinghaus 

and Liu, 1990; Wang etc., 1991)

I. Maroon oriole (Or i o 1 us tra i 11 i i ardens Swinhoe)

The animal is an endemic subspecies of Taiwan. It belongs 

to family Oriolidae, order P a s s e r e a f o r m e s . It eats mainly 

insects and is distributed in broadleafed forests at low 

altitudes. The wild population is u n k n o w n . (Severinghaus and 

Liu, 1990; Wang etc., 1991)

(3) Reptiles

A. Hundred-pace snake (Agk istrdon acutus Gunther)

This carnivorous animal belongs to family Viperidae, 

order Rhynchocephilis. It is distributed at the bottom 

stratum of forests. The total wild population is unknown. It is 

very rare. (Severinghaus and L i u , 1990)

(4) Fishes

A. Taiwan Ku-fish (Varicorhinus a 11 i corpus Oshima).

The fish is an endemic species of Taiwan and belongs to

family Cyprinidae, order C y p r inifo rm e s . It is distributed in the

upper parts of rivers in eastern and centra 1-southern Taiwan.

The wild population is unknown, and is very rare.(Tzeng, 1986;

Severinghaus and L i u , 1990 )

B. Taiwan trout (Oncorhynchus masou Brevoort)

The fish is an endemic subspecies of Taiwan and belongs to 

family Salmonidae, order S a 1 m a n i f o r m e s . It eats mainly acquatic

insects. It only distrbut in the upper reaches of the Tachia

r i v e r---Chi-Ja-Wann and Hsueh Shan rivers. The Taiwan trout is

at the southernmost limit of global trout distribution. The wild



popu 1 ato i n number is about 1000 now. (Severinghaus and Li u , 1990*

Lin e t c ., 1992)

(5) Insects

A. Broad-tailed swalllowtail butterfly (Agehana maraho.

Shiraki and Sonan)

This butterfly is an endemic species of Taiwan belongs to 

family Paplionidae, order Lepidoptera. The larvae eat leaves of 

Lauraceae. The butterfly appears between the end of spring and 

the beginning of summer. Its distribution is in mountainous 

areas of central and southern Taiwan at altitudes between 1000 and 

2000 m. The wild population is very r a r e . (Severinghaus and- Liu, 

1990; Yang and tzeng, 1992) *<-.I $|
B. Bird-winged butterfly (Troides magellanus C. and R.

Felder)

This butterfly belongs to the same family and order as 

Broad-tailed swallowtail butterfly, and the larvae eat the leaves 

of Aristolochia foveolata Herr.. Its ditribution is only on Lanyu 

Island. The population size is very small now. The buttrtfly 

appears between March and April and between September and October. 

(Severinghaus and L i u , 1990; Chen, 1987,1988)

C. Large purple fritillary (Sasakia charonda formosana. Chen). 

This butterfly belongs to family Hymphalidae, order

L e p i d o p r e r a . The larvae eat the leaves of Sassafras randaiense.

The butterfly can be found between Hay and July. It is rare,mainly 

distributed in mountainous areas of central and northern Taiwain. 

(Severinghaus and L i u , 1990; Fiji, 1987)

Recent research on endangered terrestrial animal species

Due to the rare appearance of the above animal species



little is known about then. Before 1945« research on those 

aninals was conducted mainly by Westerners and Japanese. After 

World War II, there was little local research done until the 

1970s, when returning native scientists from the U.S., Japan, and 

European countries spearheaded the conservation movement and 

consciousness raising. Still, a paucity of trained specialists 

and often inadequate support limit the research being done.

Published papers are often the result of summary or literature 

review. The research work on endangered species of wildlife in 

Taiwan is shown in table 1.

Prospects for further research on endangered species of wildlife 

in Taiwain

Tliere are many reasons to force an animal to the brink of 

extinction. Two main reasons, however, are overhunting 

and shrinking habitat due to ever-growing popularion pressure 

from mankind. Endangered wild animal species usually have the 

following three characteristics: (1) the wild population is rare 

and small in number, (2) the original widespread habitat has now 

been divided into small isolated areas, and (3) they may not 

survive without human intervention in the form of setting off 

reserved areas for them. Two methods available to us to preserve 

this priceless biological heritage are to reserve and protect 

known habitats (in-situ), or set up new ones (ex-situ) reserved for 

the endangered species exclusive u s e . The will to conserve our 

nature treasures cannot, howerer, do the job alone; massive 

support in the form of well-endowed budgets, great effort and 

time, and advanced technology, to mention a few commitments, is 

urgently needed. As mention before, at the moment we do not have 

even basic information about many of the endangered species; 

thus, carrying out the following four research stages is of the 

utmost importance.

10-8



I. First stage

(1) Intitiating basic information gathering: to understand the 

existant population, distribution, and habitat of the 

endangered species.

(2) Pinpoint the factors causing the species to disappear:

A. Disappearance of habitat.

B. Hunting pressure.

C. Diseases.

D. Natural predators.

E. Foreign competitors.

F. Pollution of environment.

G. Other reasons.

(3) Allocating land for protected areas.

A. Locating current population habitats.

B. Estimating required protected area for conservation of 

species.

C . Recommending good management system of protected areas.

II. Second stage

(1) To study the biology and ecology of the species.

A. To understand the population structure.

B. To understand reproductive behavior.

C. To understand the home range.

D. To understand the life cycle.

(2) To design the training curriculum of specialist and 

technicians.

(3) To select habitats.

III. Third stage

The research we need to follow up at this stage depends on



which preservation method (in-situ, ex-situ, or both) we select.

If in-situ is selected, then we need to concentrate our studies 

on \

1. Studing how to improve the quantity of population by 

improving the. quality of the habitat, e.g., to supply food, 

additional nesting places, and shelter areas.

2. Studing the Methods which can reduce mortality, e.g., how to 

reduce hunting, control disease, avoid hybridization with 

foreign species , avoid natural predation.

If we select preservation ex-situ, then we need to concentrate 

our studies o n :

1. Studying how to improve reproductive performance by 

artificial methods.

2. Finding a good new location to conserve the- species.

IV. Fourth stage

The most important aspects of this follow-up stage are 

to ensure survival by helping the endangered species reproduce 

and adapt to its environment.

Conserving a species is a kind of crisis management. We may 

need to go through each stage as fast as possible. In practice, 

however, these stages may be modified according to the exigencies 

of each case, such that research could go with stage (2) and (3) 

after stage (1) directly, meanwhile, a successful conservation 

program cannot be done just by few people, it needs to integrate 

efforts from researchers, Government, and the public.

Conolusion

P r,e y i  o u.s 1 y , little reseach into wild animals in Taiwan 

was done. Recntly, however, the Goverment has put a' lot of
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effort into encouraging this kind of research as well as into 

conservation. The Government has lately improved the "hardware" 

of conservation, i.e., passing the"Cultural Heritage 

Preservation Law" and the "Wildlife Conservation Law " and has 

also improved the conservation "software," i.e., direct support 

of research into conservation. Several important achievements in 

wildlife research include wor^k with the Lanyu scops owl, Taiwan 

trout, and the sika deer which had disappeared from wilderness 

areas since 1969. Still, however, we face a shortage of trained 

specialists in conservation. This has resulted in a lack of hard 

information not only on endangered species but also on the 

general wildlife of Taiwan. Thus, we need trained specialists 

and more knowledge of our natural history of Taiwan urgently.

The situation is critical not only for the above-mentioned 19 

species, but also for other species in the future, such as many 

unnamed insects and other invertebrate.

"Extinction is forever" should remind us of the moral and 

scientific importance of this work; another motto may well be 

"One species (mankind) is a lonely species." In the past few 

years Taiwan has taken a good step, but only a small step, in the 

right direction. Much more needs to be done, and needs to be

done immediately.
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Table 1. The research work on endangered species of wildlife in Taiwan 

Animal year Research subjects Researcher

Manual
Formosan flying fox 
Formosan black bear

Chinese river otter 
Clouded leopard

1990 1. d i str ibut i on
2. habitat
3. behav ior in zoo

1990 1. distribution of 
population

2. home range area
3. activity budget 

behavior in confinement4.

—
5. survey

G . B . V a n g d j g f t )

Y . Wang d  R )

Bird
Hodgson’s hawk eag 1 e —
Black eagle *—
Swinhoe's pheasant 1976

1981

1986

1987

Mikado pheasant .1976

1982

1984

1986

1987

1989

1990

1, pr imary study
2. suggestion on conservation 
11,Teed i ng
2. reproduct jon
3. conservation
1. p o p u 1 a t i o n
2. distribution
3. eco1ogy
1. natural h istory

1. pr i mar y ̂ research
2. suggestion on conservation
1. feeding
2. reproduction
3. c9nservation
1. feeding
2. reproduction
3. conservation 
1. ecology

1*1 reproduction in 
confinement

1. population
2. behaviour
1. 1 if e cycle
2. reproduction

S .R .Sever i nghaus 

J . H . L i ng (ft &  m  )
J.H.Lay (fH 81 S?)
S .R .Sever i nghaus & 
L.L. Severinghause
im m  m  r  m  ¥  in)
P . S .A 1exander &
V.F. Chung
( « ns n  r  ?d m
S . R .Sever i nghaus

J . H.Lay

Y v S . L a y d U S S  )

S .R.Severinghaus & 
L.L. Severinghause 
S.J.Vu(Âttîf)

P . S .Alexander etc .

Yu Shan National 
Park d i l i R & f t H I )

1 0 - 2 4



Table 1. (Continued)

Animal year Research subjects Researcher

Lanyu scops owl

1992 1. biology
2. habitat

Taiwan Endemic Spe
cies Res. Institute

< #  *  1  •. 0  IE «  *  4» £■)
1987
1

1991

1. population estimation
2. habitat
3. home range
4. life cycle

L.L. Severinghause

Tawny fish owl — —

Brown wood owl — —

Tawny wood owl -- —

Maroon oriole — — —

Rept 11 e
Hundred pace snake — * -- —

Fish
Taiwan Ku-fish 1986 1. distribution C.S.Tzeng(f «  R  ) 

Y.T.Day ( « *  #  )
Taiwan trout

1992 1. habitat
1958 M  morphology 

2. ecology
H.T.DengdP A± )

Jnsects

1986

1

1. hab i tat #
2. population change
3. reproduction
4. behavior

Y.S.L. in etc.

m Broad-tailed 1987 1. lifecycle Y.L.Liaw & Y.S .Yang
r swallowtail butterf1y

1991
2. feeding (0 *r m  R  ü  h  )

Bird-winged butterfly

1. ecology
2. biology
3 lorpho logy

P.S.Yang & J.H.Tzeng

1985 1. population distribution
2. morphology
3. life cycle

y . s . s o ( Wüi i )

1987 4. activity budget 
5• c 1 i mate 
6. conservation

Large purple fritillary— — —
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Keeping Pangolins in Captivity

Jung-Tai Chao

Division of Forest Protection, Taiwan Forestry Research Institute, 

53 Nanhai Road, Taipei, Taiwan, R.O.C.

Abstract

The order Pholidota includes the single family Manidae, with 

seven species from tropical Africa and Asia. All seven species of 

pangolins are now listed on appendices of the CITES. In addition 

to onsite maintenance of pangolins, worldwide efforts were spent to 

preserve pangolins in captivity. Pangolins specialize in feeding 

on ants and termites. Since their natural history were poorly known 

and their natural diet hardly to find suitable subsitute, pangolins 

have been regarded as most difficult to keep in captivity. This 

paper reviews the development of rearing techniques for different 

species of pangolins. The survival of captive pangolins is affected 

by factors such as food quantity and quality, temperature, shelter 

and hygienic conditions, and these factors are discussed in detail.

Key words: Pangolin, captivity, artificial diet.
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m o j f p  6 ^ } A . i n m w

(Pholidota), Z V k X m - f t t  ftmM*

t « $ a i « P B W £ » « a i M * & 8  ( cites) m

H * H 8 # 3 i l j t f i t f c B £ M .  * f ô Â f ï » 9 s a j Ç É 0 â « Â « I B

£ » » £ M O i ¥ A i * m i ö & i i S x  à m %

« m » * L  fi.

n m A w m m

H 8 H  : ^ 0 j¥ .  A l f i l f O
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W\liW(pangolins) X 9 f » S I »  I (epidermally

derived) (horny scales) àÊ#iS± ftfl?lWM?#« • f£lij9fft§fgB

± £. « s H K I 0 f t l U f c « » » M 7 9 H ,  J S » 9 H £ « | S k  « » # & * *

(oligophagous) tt«H, £ S K * K J f t f t & i i  ; ttft.

%&5§i#ï5fê. m m m m w m m m ,  ,

(order) — » 9  0  (Pholidota),

± v t R G t m w i h w , (Pocock,

1924)o » i B È K 9 ï U j 9 f ô W n r ^ Æ v 9 M ô I i 5 « .  K B J « ¥ ,  

i p î i g M f i É f ]  * * ÿ j « i S  (!¥iS^&, 1991)o S W - t * 9 * ü i 9 £ »

(Appendices I ,11 and DI) ff» (Honacki el al.. 

1982), (Cape pangolin, Hanîs temminckü) S3»J

» h n * - ,  g p i d i |  « » * i i B w » s M w » « » a i 9 i & m L  p | * t t * » W * « i

^  (zoological

parks, zoos) (Menzies, 1963) 0 3§i. Wl ÿ&ffîi$ 1st %? £ W i ÿ S

££i&R J Ë & T Ü ^ ,  & A S * .  4 A ,

(Turner, 1984), # i « H J Ê l A l » î f e f i S s  * » » & » » ,  * < S W « *  

x SfcW. (species survival) £ # 1 E 9 K  fige

» 9 1 .  fâkw, m r m \ H

fiS# (in situ. onsite maintenance) ¿?F, J!sJlA&ÎF5&li^. fféJIfôliÜ̂ f-fiS 

#  (ex situ, offsite maintenance) 1ËB2£ïi?o Hlit, A3t@®S$t3$&ÎËfi

l Ü 9 f â A l f i W f f l & .

» * f c i f r £ A » » 3 a i 9 « ¥ f c & A l M  (01» Cansdale, 1947), S S

(natural diet) — « ü f t â t t  —

9 ® » ,  s * i & f 3 W î s # î & « * A * , æ ®

I X ^ S i .  Menzies ( 1963). Rahm ( 1956) 9 Bf,

#  S Æ S ^ hS, »Rô.
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(Menzies, 1963). A x f i * 3 H 0 E £ * K ± M « É « K *  

M?lr#Jfl#2fc#; * : £ P & * * * ? r | © £ M a i l | * A X * m  ( j R & H g ,  1983 ;'Jtf 

# ,  1966 ; Anonymous,1963 ; Masui, 1967; Menzies, 1963, 1966 ; Ogilvie 

and Bridgwater, 1967; Rahm, 1960; van Ee, 1966),

E f i » t t * A x E f * © S ^ M £ f r « a ^ f f l » - R É & - S W F n B o  ffi

AXtiWT#SfftfpLU¥Ì§ ìi§—. (Menzies, 1963, van Ee,

1966), ® f c ) É $ f M f f ^ l I j ^ t f c ^ M Ì l A X « m ,  ife-S&i? (Masui, 1967 ; 

Menzies, 1967), U y g f f l ¥  ÉflAXfOWifilSIgiÌ ÌÉ 13 %■ (Nowak and 

Paradiso, 1983)0 (1983) B a f l M i U  fp£tfcfl9SÌH±gWfg-fc,

f m m . f x m m  * R L t ,

- v  I kit,

W m i m f à X W l l i W  (R. gjgantea) H*j@ì§ 30 kg, ¡fjj-SJI^liJ¥  (R. 

tetradactyia) R ù m m i h W  (H. tricuspus) fPAifl 2 kg,

(a ^ o j ¥ .  m m ^ )  (-s m .

uĵ ) z m  (*-*)o m m ,

ÉfóìlJHIo ® $ D  Buttikofer (in Bequaert, 1922) A ^ l l l ¥  6 1

& M ,  (driver ant)0 il fi fi I S A  (Bequaert

, 1922), 2 1, 700 g (ffl^

ì$ 20 g ® )  ii!H§ (Dickman, 1989)0 itJI£ii'Mft&J!t^LÌJ^P— 140~

200 g(5~ 7 oz) fft4SÌI (Rahm, 1960)o i m f ò t h  f ! S £  4~ 5 kg

(R*. p e n ta d a c ty la  p e n ta d a c ty la . 3 l - * )  — i£ IK  R lÌ i 'É :  300 — 400 g £ £

M i t o

M M  Rahm (1960) R  Anonymous ( 1963) ( & »

* ), # A Ì I ^ A ^ a j ¥ f ò - f e t l * S a 7 P J  400 g, ffij Menzies ( 1963, 1966)

40 g A i m ,  £

i w j t i i i t f i i i ® ,  ( 1966)
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* -  ± Ütlft»9*0l¥ (Hanis s p p.) f ô i S

m a V  ( * £ £ a)) m m  (kg)

ügiWfô^Oj^ 6.8~ 18.2 Hayman(1954)

ti. crassicaudata (ÊPSSp LÎJ?) 9.1~ 13.3 Blandford(1888)

4.6 Hutton(1949)

9.5 Allen(1938)

R. .i a van ica (MSÉIf IÌJ^) 5~ 7 Lekagal & McNeely(1988)

R. pentadactyla (^ül^lij ̂  ) 6.8~ 7.7 Blandford(1888)

R. b., pentadactyla (o'i^^lll ̂  ) lli^MËI 4 M m S  (1989)
üiSjiS 12

R. b.. Pusilla (»ÄSPlij^) 4.3 (N=5) » » » « ( 1 9 8 0 )

R. gigantea (Af£Uj¥) 25~ 33 Dickman(1989)

R. temminckii ( m t & l U W ) 7.9 (N=30) Coulson(1989)

« Ä f  27 Sweeney(1956)

R. tetradactyla ( H M ^ l l i ? ) 1.4 (N=2) Rahm(1956)

R. tricuspus ( £ } » » LÜÇ) 1.2 (N=13) Rahm(1956)

1.6 Menzies(1966)

1) Honacki e i  ai- (1982)
2) m m m  d986>

3oo~ 400 g, g i f c & s

A l f l K  ; 2) À i* m S & K l* * L  ; 3) A I f i

« » » t i p

H * É 0 f î a » » i i j ¥ â Ê # » B J R * .  «

» » » » » » & » £ £ § » # > .  m m m x ,  » 1

0  'I>*tì9»f4»»0iip, ; g - f i > g « $ r ' f l $ & i i & i j i # o
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M í r * A X I S Í M t  “1 ” fidilo

£iI]*l*t03Ç&fctt£ffiÂ, iß«’« A x f i f * S £  (t¥lff*) I & 7 *  P a l i l i  A l  

tìttftXIS m x m m ,  1983) Stimulite (

Menzies, 1963, 1966) J£1^K Aâ^/üJSUÜÎÜËiro ($3* S )  të$!^l:È$cfôo ÍJéÍBIpI 

m m x « ^ ( i 9 8 3 )  ( $ # & :  ...

EjÇJMÎïiL S i ü t S ^ I ^ Â ^ a j Ç ,  Mgi§ #?.*^fôlSfBWSIt'ib, M V À M W m  

M o  jtk^h, , &§ ¿ ,  s í ü ^ m ^ m í »

M ^ l l j E P A X # m f ó ì Ì ? M o

S é pS $ 0 j ^ x ^ . A ^ O j ^ M # ^ i b ^ f ô A X # m @ t ! ; f r ' î ,£g

| f e | | ÿ  . ( £ » » ) ,  M « I * W £  ( ® A W Ü )  Ä Ä ,  « ^ S Ê f ë l ü l ^ b ,  §1 

ilfigiiiiPtëJk« 0 J f c f c f t # # f ^ S Í 3 M ? ® ^ i I j f p B f , W í S M M o

MÜ!?lIj (Crematogaster sp.), ME.fy'&fëi

z m m f m i E i g o  s^Riib**#tiii6iii^^iij^fôi^i5eT,

glijtp, § ^§ § $&i&0Äl Menzies ( 1966) g »

« S f ö t g ü  (Oecophylla sp.) fg#0âl«S?ÜJ *P ,

m  Ü J n A x f i f M ö t ö * .  Â « & i i i É f ô £ Â œ 9 P a i i F } i * A x f i r a J i & « f i 0

m m & m  ( » » # ) «

Menzies (1967) 1 M l C ñ ^

(1983) *ffl£gift*£-fcfö$ib¥K*.. ÄS^^oj^K-ftiSii. m m t Ë W A Æ  

AXflfftf»jDAÍ*!l (formic acid)(0ISn Rahm, 1960)o

A Ü ,  Menzies ( 1966) W » Í |  

l l j t P É 0 A X « í í * J l l l A - B » B  (hex-2-enal) JglftSttftfôiK». (

1983) PH ffiffig 9-10, BJilÎF^ÏtllItt'fcttfÔftJS* it

» * * ,  A X f i 1 B H H K Ä » t t ,

0 5 W # Ü « o  

ifcfĉ h,

m i c m m  <i983) m m

£ A x ® s | B m n A ^ S± S í a t t $ ! M i í ? p a j i p i $ ? j H b i M i§ M - - £ f t J€ ,  ü



^  M

30~ 32°C ( @ m ,  1922) © E p ä H ^ H i S M ,

s ^ A f ä M m w i s i ^ s t i i ,  v a g i t i ® ,  

m m ^ m ' j > ,  n m m & o  d983) i s & ^ a i ^ i f M S i i J i i i ^ i i i ,

§ i S M § i » o  m & m

lijfpfölft«, M W - ,  W L ^ M m m  (heat pad) *

îiô£Îiï«B$, S ? i J Ü Ç Ô 9 t f c * S # » ,

h . m*kmft

A x ® w ó 5 $ a j ¥ « S 5 E t f ó i i s ¿ - s % f f 5 ^ ) i e Á x ^ i ^ ,  t t m m w i u

¥ * £ * * * f t 8 6 J i i S Æ : f  ft, mm?EÛ  (Menzies, 1963)0 * w± ,  A X # m

( m $d ^ .  s .  m n m )  m m ^ m m

s i a a M i i - s ,  i B & £ $ £ * i ! i B ì f i A £ f t f l i j R  (fiAis^)o m ñ iÉ is ^ m w

lli?»ü^iiÎîn5Et:fôll#!l (Menzies, 1966), B i t ,  A X f m M f ê & f ê i f c ,

» • * « » « « » .

Æ S M H ^ ^ T ,  m ûif? f t±m fê ,  0 j f c b M ^ l * ï J I W t B m f ô £ P i 0 £ M± üo

mmm, % m m n m m m m ,  i983)0

B - m ^ & s h w & ñ m w L m ñ m o  : &mm&s ddt

£ m w i u y M ± m % £ & ,  Kkmm  BHc

f B ^ M Ü ^ O i ^ Û  (van Ee, 1966, 1978), ^ « ¡ g ^ S ^ i i j *PÉ$A 

X Ü W B i i É ^ i S t t Â ï Ë & o

r a .

r F ^ i J Ü B P ï ï M f è A X f g W I i i f c t t T Î g A ,  Menzies

(1963) ^ ^ # « } K i Â & « :fô^üj9fcb!KI!lliiEAx^Iltfô^SEo BïPSÿô®# 

B i a m m m ,  m & i U f p t ö m m ,  Mf#&iâiÉ'fe-f'#®iÉ (Cansdale



, 1947)o ^ a i K X t l ^  (1983) . Masui (1967) , Ì S £

m m  (1983) | è s g à æ f c M & ü « i # f ô w a t i i S f e o

m m ® ,  & § * £ $ Î 5 ï ^ l i  (stress) fôîfô&üT, Sffi

mtt,

gÉJra,

3 p « Ä % in W l ®t6»$fc:£®*«l*®$ÜJ<P#iS, » B Ä ^ Ä o ' Æ A X f i W Â Ï Ô

* « i  £ m ^ m m m w \ u yfàmn,fflfci^ai'PfóÀxflff. » « j k m k b #

« W ,  WM55:*:iGrë5».
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m m & o  i9890 m m w i h m z m n u f t m f t i . 78 *

£ m m ? t m  032 m » | ^ i f b ^ $ J t i r .  57 h 0 

¡ m & o  1991. 319-331 h , * * « $ .  m n m & m

o 39 M o

0 M m o i9860 m i ? « ?  imvszno** « * * & «  2881 ,
* 4 f ?  ® # f §  Mf§,| 19830 9*0] ( ? « « £ & « * .  »&i§ i|| 26-28o
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Pfri§* : e p e t j A z c ^ j ^ i e ^

EPSfaPlll^ (tt- crassicaudata) (Ogilvie and Bridgwater, 1967)

0.4 g $£36)^;

0.2 g

1/2 £1 K (evaporated milk)

2 M

5 ffi it fife i& ABODE

(M.. pentadactvla)

(1) i§ Masui (1967)

150 g P ’̂
180 cc ^ 0 5

1 K £ g f t
5 g

5 g Esbilac (Borden Dairy Co.,

1 g m

0.2 cc gMmifcft

ii«tts£ajtPAi«e*i&iifijji-{?s*o {f it m m W z m m M W i

$ :P*/iAlf9**£-KiRiRftJFo Masui f t B ; £ $ 8 & *  (if#, 1966)

(2) m m i C M W  (1983)

50% X * S &

5% mm
5% m

10%

25%
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5%

0.02%  gmmtikifr
0.05%

« * J H *  40-50% o

(({. gjgantea)

(1) m  Rahai (1960)

25 g 3£3fvH (corn flakes)

ioo g mmmi
ioo g a r e *
150 g M

15 g
1/2 mwm

1 m  m m  #

(2) J| Anonymous (1963)

25 g

100 g fflM*

150 g m

1/2 Mf§§

1 1  1 1

2 j | |  2 5 ~ 2 6 ° c 0

(K.

1/2 a  

1/2 a
2 e
l

linck? i) (van Ee, 1966)

5? 01

(mealie meal)

M S

Embelex (—fSffiif, ^  Maybaker Ltd., Port 

Elizabeth, South Africa iftSlira)
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p p u  m m

j£&E#âifi$fêÈis& is f t t A o  h 2 ib & m m m

wüsm, m ±  8 ® M V À - t ì È A x M ? m w i U ¥ o

ÖIÄ^llj? (R. tricuspus) (Menzies, 1963, 1966)

2 fö #&£QÜ§!Ä (Oecophylla sp.)

2 fö Stimulite ( - a - £ H J§ £ Î f ô± m # m , P. H.

Hastings, Portsmoth, England föjUiS)

1 fö

3 f± ü s g ^ ^ ^ j s ^ ,  40 g0
* * t ä : * 0 U i ,  “Abided e

mStimulite
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m  H

’ J i ^ W S É à ^ â Ê f £ Â É f § m #  > 1 S T  
® S ^ @ W ^ ^ j ® ^ ¥ É Â f T # Î Ê Â Â W » - f ! l  > ' Alfe ' » B  '
B t t ^ £ B « £ A ± * & l Ä £ W d ' l ^ f T & * m 0 f $ e  * I $ *

$.*éì®éH $ 3  ° 1986^ 11^22 BMMí^a^tWj^jMM^^iMTñtlñtM .̂̂.I lEA®?!]
T i M ^ i w i f F  y ^ É § m m È
t â é 0 & m $ k  » m i b w m ^ î J i m M f ê W j i ü m  °  ^ É Â * ^ s ^ # A f e É W i  
¡ « m h ^  * m m - B 2 4 ' m # ) f ê M  > u r # w *f « £ » *  *
JÊI&ft I I S p 3 f l t % i I Ä n t Ä ^ S ^ ' ^ 7 3 @  » Í t^0K^ñífáB¡É^ñ  » & i i ^ E r g j ^
° p f c i f  '  M m & m w & % ± f c m m  * |  r t ë

3 i ® I  » Ü E IIJ Æ 4 ^  o 2 2 @ IE i B Î J ^ l 2 3 g # S  » k E £u
° È 4 - s M 1 f ê T E E i m i i f e ^ b ^ H ' 3 R ' 5

«TirttAIifö °

Wt lË

» Ä^13Üii5li » M^Ä1föTEfl(Cervusnippon taiouanus)
M - à M W ^ U  ’ » £ H  ' W~gí£m »

M A -  ° E ^ & 0 M * y £ { £ M Ê E A : l i É * i f ë  >
ÍÍ.^AÍ¿1f±(Dr. Dale R. M c C u l l o u g h ) ^ 1 9 7 3 ^ ^ $ | ^

tti ' ^ M E E ^ T t Ê E ^ i 9 6 9 ^ ^ m i g ^ 0

■ à m m î i m ^ m ^ m m  > m-àm̂m̂mmmmmmi r a -  » M ^ i à t / ^ w x f i ^

n g n t t  > Ü T ® ^ Â ® 7 ! 7 Î E ^ ® t f P M ^ â ^ ^ T  » ^  

M f ê i t t E A Î I W X f F  » #|gïf è m W f + * A J I Î T  » f ê f t ^ W Î E g g A M p ^ m Â ®
• i Â  °



#ä ® * M k M ' M t o m m - m i  4&&&k & $
■» m n ë m n à ^ m ± m ^ m ¥  > M í í t  i $ f t & n é é ^ J : ì & & 9 F &

» Ü#ff^ÔcÂHc1III^PllfêS^WXfF^
° itb̂ t- » frIfc&1fSA®liJÈ^I^ÈE£IHfcW 1&#

' ^f$& $SB & & ÌB ì£ ' Ä H T P^W a^^W ^Ä X ^^gSX i^A M #^^JÄ Ä fri&
p i t  ' w m m  F S ü S ® 1 r t i ä i « : i  <>

x im ®

' v o t > R ± % w M m m  g m r m m ' m i E  j

¿ W Ü T  ’ ||ífSfiJ$ I tikMffl ' ÄiiBiÄB °

w ï ï. > ° x  :

x w x rm ^ n ^ m ñ trn x m  i  xt^& ép^x i I r n s M ^  i i é m e v  m
' i M S K i ^ f ï |  @ o Ä  » i |gÉ|

^^Tbw .^m '^xí'm ñ^m m » ^ b a m ^ xî^siê <>

(—) & M  :

^MZ.Xí'tW&Tbtü&fáfáMMA'ñfíMWÚ»MW » WJÄjI#SiISftt » MitÄ
mm&m'a&mmmmRwiï ° » a x a a h h  » p i É É
H f W f ï I ^ f ë K  ’ » Æ^Iffli^f+fillll^gf-fô-T I

g ô t E ® 5 ë l : ^ » £  S #  o A } W X f K ® ^ ± ^ i t ^ M A í I W í | ^ ¿ ^ i l 'E S I i í Í i é í t i i f T ^  
X Ì M B À ± ì & $ f à R f à M ' Ù B W $ L  *  3 f J 'l9 ? ?  ifc  E S ^ c  f t  ¿ f i f t M  &  £  A  I f  S l í ^ S

M M  t r i m x r s  ê  fê n  d |  g gg °

( H ) Î â M :

g » W W ^ M ^ ñ é X ñ ^ M ^  ° Silt AÄH

íntiiií îéia ¡ ^Bw &M jnw m pM m m ftw^r^sm M M ñW fri'xtJí
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m

> S W I E M f T ^ A i ®
m  i) ° m -

& $ g % $ # i i £ j g  a m * «  'Ipt f w  * m m m  w i « N i v

f g g g g £ M & b & S » ! | B t o t

^EiSAf± lKI&B#E#'+l 0 i i l l l i l l ' M S 2 f f i  i # » I1T

W i m m w . w w  ° i®%ikm'iRWM & »

t&tt * e . ^ iwî ^ 5 6 x  >

m m m n r n  ( w n  °

I ̂ T ^ x f p s T O ^ f ^ x f F ^ i i f T ^  * H L W M m m f t m m
*■ . Richard D. Taber, Dale R. McCullough |

^ I S ^ ^ M i c h a e l  G r e e n S .f f i© M H i^ M iU H P ^ B r u c e  Hamblyn#^ > '  AlSJI^'n'

¿iff *

liS°

w ^ & ir ’ 3£itfT^«itTBE^.®iiws+« | >
m & w R R M |

78^12 i m $ m & m  I e o ^

i^23 0 P ^ R W a A M i » 2 9 S l E ^ » J I ¥ i S : ^ a W E f t # i i -  »■

o 2 m u ±  > m ^ m r n m
m z $ OfflEMtlfnlTO« » § «if J E i i iT f t ^ 'S « 0 ;&Blff
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» f e ' Ù ' E S B l f ^ P S 4 l S g  » 3 É ^ 7 7 ^ 1 2 ^ 2 8  0 i f ê 6 3 Â - 6 E S ( 2 | | >  - i f t l ^ A f i t ^ K  

* W |  J  > ^ % 5 l g , ® l | W f f l m E ^ 7 8 ^ # f A ^ « a  » H ® 7 9 ^ è

S i k  I  ^ W E f e ' l l ' E f i i t ^ P M 5 8 | S ( 9 | |  N 2 3 f t |  '  4 Ü # J  '  5 j® # 7  n 8 Ü #  'v 9 « | f F )  » K ® 8 0 ^

7 C ^ 2 3  0  » J E Â tI # 2 9ß&(^ & £ § ® l | W S t l ï ) » l ^ 'Ù 'E l l ì f c A S f Ì f c — M H IM  »

fáítñR&ffiáLmm'Mmm » i s s u e  ? «=>

&í&frSLSfl* » ^ • ^ ^ W W ^ L f + a ^ M f F ^ f f l ò ^ ^ ? S E 5 È 7 8 ^ 3 ^ i 0 ^ ? g t t I l l ^ ^ E # ^
» ^79^-7M fÂ i ^ m E ^ É I i ; ^ 1 7 3 l ( 8 | |  N 9 |H t ) J f  # P ÌI j2 3 @ I< 8 $ £  '  9 |ttt '  5 Ì ^ |  '  l l l t l f f  ) o 7 9

^ 1 2  ̂ 6 0  AjS®Ë[la4:I f 12 ̂  A2||Í|J^ o

^ 0 8 2 ^ 3 , 8  i h  >  Í l L l J Í 0 t J Í l 2 2 l | ^ Ú ' E a 4 I% 1 0 ^ Í | ^ E t :  I  1 2 g g # f é  »

S i S S E F ^ S S S Ï i  °  *  8 ^ Ä ^ ? l i o s S i f ^ f f E S . i ^ E  ? ! $ & - &
» P g f f  » ^ # % ^ § r £ f ? E ; ¿ ¡ «  » m  » ^  » S  t m W U f l Ä M

# # 7 j f | p ê  ( f f l  2  )  y  É i ^ S f 2 f c H ! í l S I Í i & E Í £ í i E ¡ i ¡  » » f t f i [ g ^ 4 ^ t f c g ï t  » ifcfc— « »
i ^ i f ó ^ ñ j t g í i í É  o

W ^ C A Â ^ i 9 9 o ^ ^ i | 5 i œ  ’  J Ä t i M E E i t W ^ S ^ Ä l i l o l f  » f i J f f l Ä t i i l

í p W a Í B O T  » j f  »
i  ^ ^ & Í S W E S f t 2 i B 0 ^ j | A ; ¿ i Í  £

i l ^ ^ E  °

ítb^f > « m  % # ä  >■ A R g ^ m  | É d p l  * &
P P f  ' i  » J & E f Ë lË È Â im  » S  4 t ó £
5 * c ^ : ? I E ® f c ^ ^  » ¡  M i l í l E i Í M ¿ 5 S c * f  »

! Mî 3 ® s » t i « « t  1 ¿« ¿ mesìsì i
[ é ]ÜÂI ^ E W Ê I  » M Ü E ¿ R 5 c Ä I i J i S f t ü Ä ^ f t ^  ( ^ 3  ) o

r a M g

ÆfêîEEiFÎfcilïiètein 

0  2 4 » g | £ ^ % ' ^ & f ë J ü l  
M  °

liâit » o 3 & g ^

(@13) » Â-tfcJ^n-lsBvf > 5-60# » 2 3 - 2 4 ^ @ ^ J ¡ ^ ^  » M & 9 - 1 O 0 #

i  M « % f f i Ì S ì Ì W m ^ ^ 2 4 # 4 6 ® 5 1 @  (gf 4 ) o M 
» R M W fc .'k ïR Ç h 'fë  18j£ » S '  3 tf£ Ä ffiÖ ^ 36;j|| ,  ^  N ^  ^

¿ J ; M i * ! îwêô5k%2 a  ; i^ 4 t>  S1SS >
J E  9 S  ' j p § p  8 @  i ï ÏIMW

CHU
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i f e u m #  » ttmmmmnmm - ma > » ì i j
ggü»Æ^fêis » - mmmm°

^ m o ^ 7 ^ p | « ( ^ i p i ^ » 7 f i i l Ä  » « I M f t 3 ^ f e R Ì B & 8 Ì g f é  
» QféfoMM  ' >. * ^Mfàfèì$tèMWM2i

n $ k io ñ  ' 1̂,26̂  ' mm.ioñ> > m  
mM̂ Mwm̂ m.ñfo&z.iám » & m m m m m  ¡ >mmmm
íé » ^ m n  * » t o t m

» m i « #  » ± m  s m g i £ * >
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m  1 .
_____ sb=±—

1984- 1985 1985- 1986

2M $i

f l f l m
«H SP

$ ( ZMVi
mm

& B irt.B n fift» Ä iä S
±m :f o l ^ p i | . ' f P ' f Ü i

H j N H n l ® f*3 i  II "fe 1®̂ fe

p r t i Ä ' ^ i i P ^
%

mnRfö®
« l i i l i l

m
fjan«i£j«**a8ii»2-

ßjfc
«IV

B ä fÄ Ä m n m m m k i
t jÄ f ä jy iM « ®
tft*K Ä ^j££at#
M

M p H M j ffltimüMmmnwft
/O

töie^tawsFfiit gff£&H&3&
Äffe

1986- 1987

m m m

M W

1987- 1988  
WiiejWttWtlÄS. 5Jf&

M T M Ä l I I r t i i Ä ü ü

J£JSÄWJS«fife3f4}K

£Jiü§ t$}£MMrt£

¡IÄ§§

P K i i Ä i

ÄSEÄ«fcJ£*l;2:flfft
ä ^ f ö } £ &2JIIWi+f'l

i . t i M

1988- 1989
l£g Wtk$Mtä &  ̂  &

| g T M Ä H p ü i S i £ ^



______________  tm  1 . f r « r e : f £ J g £ ¥ g £ a t g f f l 3 t t I f g i J _________________________
ffiguIfEfBUI ggAfe

1 9 8 9 -1 9 9 0  1990-1991  1 9 9 1 -1 9 9 2  1 9 9 2 -1 9 9 3

p s p j i

aflMP

«a*
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Population of the Formosan Landlocked Salmon ( masou
form osanus) in Chichiawan Stream

Yao-Sung Lin, Eric Hsien-Shao Tsao, Yeong Tyi Day, 
Ling-Chuang Jaung, and Kun-Hsiung Chang

Department of Zoology, National Taiwan University 
Taipei, Taiwan, 10765, R.O.C.

ABSTRACT

Population dynamics of the Formosan landlocked salmon ( masou
formosanus ) was estimated by underwater observations in a 4.2 km stretch of the 
Chichiawan Stream from September 1987 to January 1991. The salmon population is 
declining due to the deterioration of its natural habitats. Yearly fluctuation in salmon 
abundance in the young fish was greater than that of the adults. The stream has become 
wider but shallower, and current velocity become slower during the study. Decrease in 
water depth is considered as the primary factor that diminish the suitable salmon habitats, 
especially for the adult fish. Natural disturbances interacting with anthropogenic factors 
contributed to the spatial as well as temporal variability of salmon habitats, and depressed 
its population by habitat degradation.

The Formosan landlocked salmon {Oncorhynchus masou formosanus) was listed as 
endangered species in Taiwan. Half a century ago, the salmon was widely distributed in 
six upper tributaries of the Tachia River (Kano, 1940). Unfortunately, habitat degradation 
associated with agricultural development, as well as over harvest caused serious declines 
in the salmon populations. This unique salmon population can only be found in the 
Chichiawan Stream recently (Lin and Chang 1989). Therefore, protection of the 
remaining population and its natural habitats is an urgent task for us to save this glacial 
relict from extinction.

INTRODUCTION

15-1



Since 1984, the Council of Agriculture has funded many research projects 
concerning the endangered salmon population. A diverse of information was also 
collected to improve our knowledge on this landlocked salmon. In this paper, we present 
our observations on the abundance of the Formosan landlocked salmon between 
September 1987 and January 1993 in Chichiawan Stream.

STUDY AREA

Chichiawan Stream, an upper tributary of the Tachia River, is located at east 
Taichung Hsien in Taiwan. Most of the drainage areas to the west bank of Chichiawan 
Stream have been converted into orchards or vegetable farms since the 1970's. Fertilizers 
are used intensively in croplands during the growing season from March to October.

The watershed receives an annual precipitation of 1000 to 1500 mm. In general, the 
rainy season starts in May and extends through September with fairly predictable typhoon 
and flood occurred in the summer or fall. These floods combined with mass soil 
movement typically scoured the channel system and removed riparian vegetation.

From 1973 to 1978, series sediment-retention dams were established along the 
Chichiawan Stream and its upper tributaries where the Formosan landlocked salmon 
inhabited. All these dams are over 4 m in height, which thus divide the salmon population 
into small groups and prevent its upstream migration. Three sediment-retention dams 
were observed within our study area (Fig. 1). The dam located at the upstream end was 
denoted as Dam 1 (0 m) and that at the downstream end Dam 3 (4.2 km). Dam 2 is 
located mid-way at 1.5 km downstream from Dam 1. Mean width and depth of the study 
section is about 9 m and 50 cm, respectively. The Formosan landlocked salmon 
Oncorhynchus masouformosanus is the dominant fish in the study area, and the kooye 
minnow ( Varicorhinus barbatulus) coexists (Lin et. al. 1990; Wang 1989).

FIELD SURVEY METHOD

Two total demographic counts by underwater observation were made between Dam 
1 and Dam 3 each year. The study stretch of the Chichiawan Stream was equally divided 
into 14 contiguous sections. A team of two divers entered the stream from the
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downstream boundary and move slowly upstream in case not to interrupt the fish. The 
number of fish in each section was recorded as adult fish (longer than 20 cm ) and young 
fish (5-20 cm), separately. Fry which is usually less than 5-cm-long and difficult to be 
spot is ignored in these counts. It took about 20 working hours to complete the whole 4.2 
km census sections. Counts of two trained divers agreed quite well. A total of 12 such 
censuses were made during the period September 1987 till January 1993. Data from all 
seven years were combined to present the dynamics for the salmon population. According 
to the climates in Taiwan, every year is divided into four seasons. For example, March to 
May have been considered as the first season, the spring, for each year, followed by the 
summer (June to August), the fall (September to November), and the winter (December 
this year to February next year). So, March to May 1987 would be denominated as the 
spring 1987, but January and February 1987 would be still the winter 1986.

RESULTS

Estimated abundance of the Formosan landlocked salmon in the 4.2 km stream 
stretch of the Chichiwan Stream has been declining during the last seven years. The 
number of fish was around 646 in the summer of 1986, reached a highest of 1798 in the 
summer of 1987, since then a trend of decrease in fish population was observed through 
the winter 1992 (Fig. 2).

Yearly fluctuation in abundance of the young salmon was greater than that of the 
adult fish. Change in population of the adults was relatively slight from the summer 1987 
to the summer 1992. The number of adults fluctuated between 498 and 295 during this 
period of time, with a variation of less than 109 fish between two consecutive seasons. 
However, the adult population dropped dramatically from 331 in the summer 1992 to a 
low of 116 in the winter 1992. It is evident that natural impacts such as frequent floods 
and landslides combining with tremendous sediment transportation downstream during the 
typhoon seasons will cause this disaster. Two huge floods occurred during the typhoon 
Paoly and Ted are responsible for the decline of the fish population. Without hiding place, 
fish were washed downstream and would never come back to their natural habitats due to 
the barriers of sediment-retention dams. Similar damage was recorded on the young 
population which dropped from 435 to 135 (69%), either.
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Annual fluctuations on salmon young were quite different from the adults. A 
maximum of 1370 in the summer 1987 and a minimum of 198 in the winter 1988, with a 
larger variation in two consecutive seasons were measured from the summer 1987 to the 
summer 1992. Every summer, a significant recruitment of salmon young can be observed, 
except the summer 1992. Floods during the 1991 associated with the construction of a 
sediment-retention dam during the salmon spawning season all contributed to the loss of 
surplus young in the coming year. Total number of salmon population again, showed how 
Typhoon Ted impact this endangered fish and how serious it is going to be extinct without 
more attention from us.

DISCUSSION

About half a century ago, the Formosan landlocked salmon was distributed in at 
least six headwater streams of the upper Tachia River System, including Chichiawan, 
Hsuehshan, Yousheng, Nanhu, Hohuan and Sukairan Streams (Kano, 1940). Today its 
distribution is probably limited to a 7-km reach of the Chichiawan Stream.

Between 1950 and 1980, considerable modification and destruction of natural 
environments occurred due to rapid development in Taiwan. Habitat degradation 
associated with agricultural development caused serious declines in the salmon 
populations. Frequent floods, combined with man-made hydrological changes, resulted in 
downstream transport of fish away from their original habitats. Sediment retention dams 
built along headwater streams, divide the dwindling salmon population into smaller groups 
and prevent recolonization of upstream habitats.

Typhoon intrude Taiwan frequently. During the last seven year of our study, there 
were three destructive typhoons, Typhoon Lynn, Sarah, and Ted in 1987, 1989 and 1992, 
respectively, strike the Chichiwan Stream. All three typhoons caused direct mortality and 
downstream transport of the salmon. In addition, the subsequently serious floods always 
caused landslides and habitat degradation in the streams. The degradation of habitat was 
very obvious from the comparisons of the number of pool, sedimentation and water depth 
In general, the decrease of channel depth for the last seven years was the major factor 
affecting the old salmon in term of its habitat quantity. Sedimentation, in the other hands, 
has greatly diminished the available spawning habitats.
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Typhoon Lynn struck the upper Tachia River drainage areas in October 23-25, 1987 
which was in the middle of the early October till late November spawning season of the 
Formosan landlocked salmon. Flood destroyed the spawning ground and the eggs already 
embedded under the stream bottom. It almost eliminated the 1987 year class. Adult 
salmon were less severely affected by floods than younger ones. Elwood and Waters 
(1969) observed that flooding seemed to have relatively little effect on native brook trout 
of one year old or older. However, they found that flood nearly eliminated two year 
classes of trout by destroying eggs and/or fly. Allen (1949) estimated that 80-90% of the 
ova produced by brown trout were destroyed by a serious of floods that destroyed redds.

Serious floods in non-spawing season also have great effect on the fish populations. 
In September 13-14, 1989 the upper Tachia watershed received a further precipitation of 
more than 1500 mm during the strike of Typhoon Sarah. The water level was elevated for 
more than 3 m in certain sections of the Chichiawan Stream. In 1992, the Typhoon Ted 
brought the serious flood which was the largest flood in the last fifty years. Physically, 
the effects of this typhoon and flood were severe in the extreme: large trees were 
uprooted, a small dam was destroyed, bottom materials were scoured and disturbed, many 
aquatic invertebrates were eliminated, and large deposit of sands and gravels were left 
above the dams. Pool areas were also filled with sand that decreased available space for 
the fish. Therefore, the degradation of suitable habitats for both young and adult caused 
the declines of the salmon population.

To reduce sedimentation in downstream Techi Reservoir, many sediment-rentention 
dams 4-10 m in height were built in the 1970's Three dams in our study section of the 
Chichiawan Stream were built in 1973. Prior to the construction of these dams, 
environmental conditions of the stream downstream and upstream of these dams were 
similar, if not identical. The presence of sediment-rentention dams impacted natural 
hydraulic processes. It hastened transport of sediment downstream above the dam. Thus 
the upper reaches of the dams previously suitable for the salmon gradually became a 
monotonous, slate- and sandstone-bottomed shallow run devoid of fish life. That may be 
the reason why more fish were observed in the reaches below the dams than above them. 
Lack of adequate spawning and rearing grounds in reaches both above and below the 
dams has contributed to the decline of the Formosan landlocked salmon in the past. This 
situation became even worse when floods occurred.
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CONSERVATION STRATEGIES

Due to unpredictable weather events in concert with heavy human activity in its 
range, this unique salmon population is at high risk of extinction. Any long-term recovery 
plan for the Formosan landlocked salmon become impractical either. More pressing to 
their survival is the need to identify the limiting factors, enhancing salmon reproduction in 
the wild, and establish salmon refuge.

Several research has been sponsored by the Council of Agriculture since 1985, but 
most work was conducted in parts of the Chichiawan, Hsueshan, and Yousheng streams. 
Before 1991, no work was done on the other three Tachia River tributaries. These 
tributaries were also in the original range of the Formosan landlocked salmon. Research 
effort should focus on all of the original habitats as well as streams outside this range in 
order to extend necessary protection and restore salmon in suitable habitat. This situation 
is especially true when habitat improvement project was reported as difficult according to 
the frequent summer floods. In the near future, artificial propagation program will remain 
a top priority because our studies showed a shortage of spawning ground for masu 
salmon. It could be the reason why there is no satisfactory number of surplus young to 
replenish the salmon population.

How to protect the riparian areas along salmon's historical range from further 
agricultural development is another challenge. Fortunately, part of the riparian areas is 
now under the protection of National Park Department. Protection of high-quality habitat 
is essential for the continued existence of the Formosan landlocked salmon population in 
the upper Tachia River. In order to maintain and enhance wild landlocked salmon 
populations, management strategies have been focused on protection of the existing 
habitat and expansion of their living habitat. In the future, restoration of degraded habitat 
should be emphasized. With the care and effort from all of us, a self-sustaining 
Formonsan landlocked salmon population is highly anticipated.

Acknowledgments: This research was sponsored by the Council of Agriculture, Republic
of China.
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Fig.l. Locations of the dams and sampling sections(l-14) in Chichiawan Stream.
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Current Researches on the Conservation of Rare and Endangered
Insects of Taiwan

Ping-Shih Yang

Professor and Head of Department of Plant Pathology 
and Entomology, National Taiwan University

Insects play a crucial role in the ecosystem. They are closely interrelated to other fauna 
and flora in the food chain. The survival of insects is now seriously endangered because of 
inappropriate land development, massive use of pesticides, lost of forests, water pollution, 
overcollecting and inapt introductions of foreign species. As a result, some insect 
poptilatibns have significantly declined and some are even endangered.

Researches on Taiwanese insects can be traced back to 150 years ago. This article reviews 
previous researches on insect resources and elaborates on the development of insect 
conservation during the past decade. Furthermore, this article presents the biology of the 
18 threatened species and explores the future development of insect conservation in 
Taiwan.
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The National Zoo also houses a number of other 
threatened species with varying degrees of breeding 
success, among others the crowned lemur (Lemur 
coronatus) - endangered; the mongoose lemur (Lemur 
mongoz) - endangered; the golden lion tamarin 
( Leontopithecus rosalia) - endangered; the orang
utan (Pongo pygmaeu) - endangered; the gorilla 
(Gorilla gorilla) - vulnerable; the chimpanzee (Pan 
troglodytes) - vulnerable; the giant anteater 
( Myrmecophaga tridactyla) - vulnerable; the bush dog 
(Speothos venaticus) - rare; the red panda (Ailurus
fulgens) "K"; the brown hyaena (Hyaena brunnea)
vulnerable; the black rhino ( Diceros bicomis )
endangered; the banteng ( Bos javanicus )
vulnerable; and the lechwe (Kobus leche)
vulnerable.

The National Zoo also has a large number of 
threatened bird, reptile, fish and amphibian species 
and good breeding results have been achieved with 
many of these, among others the northern bald ibis 
(Geronticus eremita); the ocellated turkey
(Agriocharis ocellata); the salmon-crested cockatoo 
(Cacatua moluccensis); the Nile crocodile
(Crocodylus niloticus); the dwarf crocodile
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(Osteolaenms tetraspis); the otjikoto tilapia 

(Tilapia guinasana); the low veld largemouth

(Serranochromis meridianus); and the axolotl

(Ambystoma mexicanum).

In Situ involvement

The National Zoological Gardens also contributes to the in 

situ conservation programme for various vulture species, 

including the Cape vulture (Gyps coprotheres), which is 

listed as rare by the IUCN.

Cape vultures were originally dependent for food on the 

herds of animals that ranged through the country. In time 

these herds were replaced by open range domestic stock,

which were an acceptable substitute for the vultures. The
domestic cattle population. however. was virtually wiped
out by the riaderpest 1 epizootic in 1896.

Subsequent changes and improvements in farming practices 

have reduced the number of cattle and also sheep carcasses 

to be found in the veld and thus also the food supply 

of the Cape vulture.
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With fewer and fewer carnivorous mammals such as lions,

leopards, jackals and hyaenas on domestic farmland, Cape

vultures have little or no access to the bone fragments

which had been discarded by  carnivores and scavengers.

These bone fragments are e s s e n t i a l  for the nestlings.

A lack of bone fragments or insufficient calcium in the

diet causes osteodystrophy. Osteodystrophy leaves the 

nestlings incapable of successful flight and they die.

In an attempt to supplemtn their food the National 

Zoological Gardens operates two so-called vulture

restaurants. At these restaurants carcasses are provided

for consumption by  the vultures, together with supply of

bones suitably broken to provide calcium for nestlings.

The restaurants attract up to 100 free-flying vultures on 

a daily basis.

Future programmes

A  consignment of very interesting species will soon be 

arriving at the National Zoo, among them six gaurs (Bos 

gaurus) and babirusa (Babyrousa babynlssa), both listed 

as vulnerable by  the IUCN.
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However, the most exiting project is certainly the 

possibility of an ex situ and in situ breeding programme 

for the giant sable antelope (Hippotragus niger variani) 

from Angola. The status and survival of the giant sable

are in the balance and this is aggravated by  the ongoing

political unrest and co n f l ic t  in this war-torn country.

Conflicting reports on their status range between 12

animals and a few hundred. The CBSG, in collaboration with

the Pan African Association (P A A Z A B ), had planned to

conduct a PHVA in Luanda in October 1992. Unfortunately,

this never materialized because of the extremely dangerous

situation in this country's capital. A South African

company has now offered to sponsor the entire project and

high-level discussions are underway with a view to removing

at least some of the animals to the National Zoological Gardens.

CONCLUSION

Geographically speaking. South Africa is very isolated from 

the mainstream of zoological collections. This problem is

exacerbated by ever-increasing air transport costs.
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More often than not, the cost of importation far outweighs 

the value of the animal, which naturally results in many 

transactions being cancelled. This continuously affects 

the introduction of new genetic material and can result in 

a high in-breeding co-efficient.

Since the majority of zoos in South Africa are privately 

owned, they ten<j to specialise in specific kinds of 

exhibits such as bird parks, aquariums or reptile 

collections. Only a few zoos maintain representative 

collections.

Each one of these institutions has its own saturation point

and even collectively they are not really in a poistion to 

successfully maintain viable gene pools.

The National Zoological Gardens with its two game breeding 

centres covering an . area of some 7 000 hectares addresses 

this problem very successfully. Thousands of animals roam

these areas in wild and semi-wild conditions and constitute 

invaluable gene pools for captive breeding.
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The successful implementation of any breeding programme 
depends on national and international co-operation. The 
African Preservation Programme (APP), which functions under 
the auspices of PAAZAB, aims to co-ordinate breeding
programmes throughout the continent. Species co-ordinatôTTS.
have been appointed, and numerous endangered vertebrate
species have already been identified for the APP programme.

The National Zoo is a member of ISIS and acts as convenor 
of the annual animal inventory for PAAZAB.

As far as international co-operation is concerned, the 
National Zoo and three other zoological institutions are 
members of the IUDZG. We maintain cordial working
relations with every country in the world, and the signing 
of the sister agreement with the Taipei Zoo earlier this 
year was a highlight in our dealings with international
zoological organisations.

It is my firm belief that the zoological institutions in 
South Africa will go from strength to strength and will 
continue to make an invaluable contribution to the 
conservation of the world's endangered species. Thank you.
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CONTRIBUTORS:
* Hoedspruit Cheetah Project - Lente Roode.

* National Zoological Gardens of South Africa

Willie Labuschagne, Dr Ferdi Schoeman and Mike Penrith.

* Transvaal Snake Park - Rod Patterson.

* Tygerberg Zoological Preservation Trust and Endangered 

Wildlife Breeding Centre - John Spence.

* Umgeni River Bird Park - Dr Alan Abrey.

* World of Birds - Walter Mangold.
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Preface
"EjT or the past two decades, Taiwan has experienced a rapid economic growth at the 

cost of a healthy environment Urbanization and industrial development have 

threatened the survival of many animals It is a real regret that twenty-three animals have 

been listed as endangered species in Taiwan I belive the same situation has occurred all 

over the world. Wildlife animals are now facing a disaster caused by hunting and loss of 

habitats. In fact, wildlife conservation is onw one of most important issues all mankind 

must work together to deal with Taiwan, as a member of the international society, is also 

contributing her share. Unfortunately, some environmental groups severely accused Taiwan 

of killing rhinoceros for their horns with no convincing evidence. Today, we are gathered 

here not only to clear the misunderstanding but also to reveal to the entire world the 

efforts that the government and people in Taiwan have made in protecting wildlife ani

mals.
For this symposium, we are very honored to have many leading experts from Japan, South 

Africa, the United Kingdomjjand the United States along with our local researchers to 

Share their experiences in the conservation of endangered wildlife animals. I wish this sym

posium will be able to elevate the perception of wildlife conservation in Taiwan. Furth- 

emore, this symposium also aims to strengthen the internatioal communication and to dis

play the continuing efforts of conserving wildlife animals by the non-government organiza

tions in Taiwan.
Researchers from Mainland China were scheduled to be present but they are not able to 

attend due to some unexpected problems. Nevertheless, we look forward to meeting them 

in the near future.

The Zoological Society of Taipei has devoted itself to the conservation of wildlife animals 

for. It is our very real hope that this symposium will be a good start of our first step to the 

international stage. May this Internationally Symposium become a milestone toward the 

great goal of the global cooperation on the conservation of wiidlife animals.

?
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09:00-09:10 H M l ü  
09:10-09:20 Éî:ifcm«i5|

(ltrblt̂ C$tl7fe:§i)
09:20-09:30 

09:30—09:50 f

± n x  .■
09:50—10:15 H H

M M m
09:25—09:50 MmamËmmÊ&ÊËèà

(m«g
10:40—11:00 
± & À  :
11:00—ü:25

m m m
11:25—11:50

■ mmmm..
11:50—13:00 '
± # a  : m m m w m m m m f t ï ï )

■É 00—13:40
(Prof.H.Kawanabe, Dept.of Zoology,Kyoto 
Univ. Japan) .

13:40-14:20 ' § t® m â » £ i£ W
(Prof.R.Behnke, Dept.of Fish & wildlife, Biol
ogy,Colorado state univ.U.S.4-)

14:20—14:45 £ § MfÎÜ '

14:45—15:25
(Dr.J.L.Vial.IUC.V Species Survival Commission) 

15:25—15:40 «ftfPJl
± n x  :

45:40-16:05
m m n m ^

■ 16:05—16:30
mmwim

16:30—16:55 SlljEp^ÀlifW
(fâ*o±fï H H H H H

mmmmimnmzimw
a

16:55—17:20



Tentative Schedule
AdMI 19,1993

09:00— 09:10 Opening Address

09:10— 09:20 Welcome Address

09:20— 09:30 Guest Speaker

Mr.W.T.Hong, M.D.
Director, The Zoological Soci
ety of Taipei 
Mr.T.C.Huang.ph.D.
Mayor,Taipei City 
Mr.M.H.Sun,ph.D.
Chairman,Council of Agricul
ture, Executive Yuan

09:30-09:50

09:50— 10:15

10:15-10:40

10:40— 11:00
11:00— 11:25

11:25— 11:50

11:50— 13:00
13:00— 13:40

13:40-14:20

14:20— 14:45

The International Aspect of Wildlife Con
servation

Current Status of Wildlife Conservation in 
Taiwan

The Conservation of Endangered Birds of 
Taiwan — a Case Study of Lanyu Scops Owls 
( Otus scops botelensis Kuroda)
Tea Time
Current Researches on Fish Conservation in 
Taiwan

Conservation of Rare Sea Water’Fishes in 
Taiwan

Lunch
Freshwater Fish Conservation in Japan

Conservation of Freshwater Fishes in the 
United States

Current Researches on the Conservation of 
Amphibians and Reptiles in Taiwan

Mr.S.N.Ling.Ph.D
Vice Chairman Council of
Agriculture.
Executive Yuan.
Mr.S.W.Lee
Deputy Director,Forestry 
Department, V 
Council of Agriculture 
Professor S.R.Liu,ph.D.Insti
tute of Zoology Academia 
Sinica.

Professor K.H.Chang,ph.D. 
Institute of Zoology,
Academia Sinica 
Professor K.J.Shao,ph.D. 
Institute of Zoology,
Academia Sinica

Professor H.Kawanabe,ph.D. 
Department of Zoology,
Kyoto University,Japan 
Professor R.Behnke,ph.D. 
Department of Fish and Wild
life Biology, .Colorado State 
Ûniversity,U.S.A.
Professor K.Y.Lue,ph.D. 
Department of Biology, 
National Taiwan Normal 
University

6



14:45—15:25

15:25—15:40 
15:40—16:05

16:05—16:30

16:30—16:55

16:55—17:20

Conservation of Reptiles and Amphibians 

Tea Time
Current Researches on the Terrestrial End
angered Wildlife of Taiwan

Current Researches on Mammale of Taiwan

The Breeding of the pangolin.

Corrent Researches on the Breeding of End
angered Mammals of Taiwan.

Mr. J.L.Vial,Ph.D.IUCN/ 
Species Survival Commision

Mr.M.L. Jan.
Deputy Director,Taiwan 
Endemic Species Research 
Institute.
Mr. J.C. Pei.Ph.D. Assistant 
Professor, Department of For
estry Natural Resources Ping 
Tung College of Agricultural 
Technology.
Mr. J.T.Chao.Ph.D 
Director, Division of Plant 
protection, Taiwan Forestry 
Institute.
Professor.L.C.Hsia Ph.p 
Department of Veterinary 
Medicine,if Ping-Tung College 
of Agricultural Technology.

7
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± & a  :
09:00— 09:25

m m m  hi£®ib
10:15— 10:40

m m r m m
09:50- 10:15

10:15— 10:30 £¿»1
± n x  :
10:30-11:10

(Dr.K.J.Gastonfl Dept,Entomology,The Natural History Museum,U.K,)- 
11:10— 11:35 --W AlUL

-- . m m m m y
11:35— 12:00

( H H n  iWiLWMW)
12:00— 13:00 TH
± f tA  '■ ^ « ^ H Ja f t(^ k r f i iL » lt l l)
13:00- 13:40 i t m m m m m m z m i m

(Director, Dr. Terry L. Maple,Zoo Atlanta of USA)
13:40— 14:20 CONSERVATION PARKS AND WILDLIFE HEALTH

(Director, Wildlife Health science NYZS/ The wildlife conservation 
society, Dr. Robert A. Cook, Bronx Zoo of USA)

14:20- 15:00
(Chairman, Dr.U.S.Seal, CBSG.)

15:00— 15:20
15:20— 16:00 COORDINATED BREEDING PROGRAMMES FOR ENDANGERED 

SPECIES IN CONTINETAL EUROPE AND THE BRITISH ISLES: 
WITH REFERENCE TO THE WORK OF THE WILDLIFE PRESER
VATION TRUSTS

(Director. Dr. Jeremy J C Mallinson,Jersey Wildlife Preservation 
Trust)

16:00-16:40 THE BREEDING OF ENDANGERED SPECIES IN ZOO IN SOUTH 
AFRICA

(Director, Dr.W.Labuschagne,National Zoo. of S.A.)

16:40-17:30 M M B M m B B B b I



April 20,1993
09:00—09:25 The Restoration of Formosan Sika 

( cervussippon taiouanus)
Professor. Y. W ang. ph .D . 
Departm ent of Biology, 
National Taiwan Normal Uni
versity.

09:25—09:50 Current Population and the Conservation of 
the Formosan Landdlocked Salmon.
( Oncorhynchusmason formosanus)

Professor Y .S .Lin,ph.D . 
Department of Zoology, 
National Taiwan University.

09:50—10:15 

10:15—10:30

Current Researches of the Conservation of 
Rare and Endangered Insects of Taiwan

Tea Time

Professor P.S.Yang,ph.D. 
Department of Plant Pathol
ogy and Entomology,National 
Taiwan University

10:30—11:10 Current Research on the Insect Conser
vation in the United King dom

Professor K.J. Gaston,ph.D. 
Department of Entomology, 
T he N a tu ra l H is to ry  
Museum,U.K.

11:10—11:35 Conservation of Wildlife Habitat-- a Case 
Study of Dawushan Natural Reserve

Professor L.L.Lee ,ph.D. 
Department of Zoology, 
National Taiwan University.

11:35—12:00 

12:00—13:00

Conservation of Endangered Animals at
the Taipei City Zoo
Lunch

Mr.B.C.Chen.Acting Director 
Taipei Zoo

13:00—13:40 Conservation of Endangered Animals at 
Zoos in the‘Worth America

Mr.T.L.Maple ,ph.D.
Director,Zoo Atlanta of U.S. A.

13:40—14:20 Conservation Parks and Wildlife Health Mr.R.A.Cook,VMD. Director, 
Wildlife Health Science 
NYZS, The wildlfe Conserva
tion Society Bronx Zoo,U.S.A.

14:20—15:00

15:00—15:20

Cerrent Status on the Global Conservation 
of Endangered Animals 
Tea Time

Mr.U.S.Seal,ph.D. 
Chairman,CBSG.

15:20—16:00 Coordinated Breeding Programmes for End
angered species in Continental Europe 
and the British Isles: with Reference to the 
work of the wildlife Preservation Trusts

Mr. J . L. Mallinson. Ph. D 
Jersey wildlife Preservation 
Trust.

16:00—16:40 The Breeding of Endangered Species 
I n  Zoos in South Africa.

Dr.W.Labuschagne. 
Director, National Zoo of 
South African.

16:40—17:30 General Discussion and Press Con
ference

all Lectures.
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of the R.O.C.in 
Argentine.
®Deputy Directer 
Department of Cen
tral & South Amer
ican Affairs, Ministry 
of Foreign Affairs.
-Director, Commercial 
Office of Taiwan in 
Venezulla.
-Government Repre
sentative, Commercial 
Office in Chile.
-Coordinator, Con
gress Affairs, Minis
try;? of Foreign 
Affair̂

NAME:Shiang-Nung Ling 
TITLE:Vice Chairman, Coun

cil of Agriculture. 
EDUCATION:

-National Cheng Chi
University, Dept, of 
Diplomacy
-University of Chinese 
Culture. M-A.political 
■ Sicence.

EMPLOYMENT RECORD:
-Section Chief, Minis
try of Foreign 
Affairs.
-Secretary, Embassy 
of The R.O.C.in 
Haiti.
-Secretary, Embassy

rmilifi:!:

i s m  : m

« tM ijœ w R p ®

m m
f t œ m m m m i E
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NAME:San-Wei Lee 
TITLE:Council of Agricul- 

tureMExecutive Yuan, 
Forestry Department. 
Deputy Director. 

EDUCATION:
, National Cheng-Kung 
University, B.S. 
Colorido State Univer
sity M.S. U.S.A. 

EMPLOYMENT RECORD:
-Assistant Specialist, 
Mountain Agriculture 
Resources Develop
ment Bureau.
-Sino-American J oint 
Commision of Rural. 
Developmentk Ass’t 
Engineer. Engineer. 
-Council for Agricul
ture/ Planning and 
Development. Execu
tive Yuan Specialist, 
Division Chief. 
-Part-time Associate 
Prof. National Ta-
iwanSpUniversity.

JÊ£ : St'MO
m  :
MM : ' ffciS

m m  :
M

NAME:Severinghaus, hucia 
hiu

TITLE:-Research Fellow, 
Institute of Zoology 
Academia Sinica.

EDUCATION:
PhD. Dept, of Natural 
Resoruces: Wildlife 
Cornell University U. 
S.A.

EMPLOYMENT RECORD:
Institute of Zoology 
Academia Sinica.
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NAME:Kwang-Tsao Shao
TITLE:-Professor & Director, 

Institute of Marine 
Biology . National 
Taiwan Ocean Uni
versity.

B-Research Fellow, 
Institute of Zoology, 
Academia Sinica.

EDUCATION:
Ph.D Dept.of Ecology 
& EvolutionB State 
University of Mew 
York at stony Brook.

12

EMPLOYMENT RECORD:
-Professor, Institute of 
Oceanography, 
National Taiwan Uni
versity
-Professor, Institute of 
Entomology, National 
Chung-Hsin Univer
sity
-Executive Secretary. 
National Committee 
of CODATA in 
Taipei , China.

; if ±  
■  :

m : mn 
m  : m

^1(1962 ' 
10-1971'4) è f e ' g± 'K

è»tWMMM(1971 ' 
B-1987'2M± ' SIE ' 
Îfïl^T/i-R 
éïÂHÉÎ® (1987 '
3-1992'6) f4#,

m m  :
1 M ¿E

NAME:Ming-Lung Jan 
TITLE:Deputy Director, Ta

iwan Endemie Species 
Research Institute. 

EDUCATION:
l.B.S.in Agr.,’National 
Taiwan University, 
Taiwan ,ROC. 

2-M.S.in Poultry Sci
ence, Kansas State 
University, Man
hattan , KansasgU.
S.A.



EMPLOYMENT RECORD:
1. Specialist, Kaoh- 

s iu n g  D i s t r i c t  
A g r i c u l t r t r e  
Improvement Sta
tion.

2. Chief of Poultry 
Division, Taiwan 
Livestock Research 
Institute.

3. Director of Heng 
Chun Station, Ta
iwan Livestock  

Research Institute.
4. Chief of Animal 

Husbandry Division, 
Dept, of Agr.and 
Forestry, Provincial 
Government of Ta
iwan, ROC.

NAME:Kurtis Pei
TITLE:-Associate Professor of 

Wildlife Biology, Dep. 
of Forest Resource 
Management  And 
Technology. National 
PingTung Polytechnic 
Institute.

EDUCATION:
- U n i v e r s i t y  of 
M o n t a n a ^  
Missoula(Ph.D) 

-University of Washin
gton, Seattle(M.S.) 

-Fu-Jen University, 
Taipei(B.S.)

EMPLOYMENT RECORD: 
««Associate Professor of 

National PingTung 
Polytechnic Institute.
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m  : Ü Ü S
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m m

f i l  :  m m m m m m m

NAME:Jung-Tai Chao
TITLE:Research Scientist and 

Head, Division of For
est Protection Taiwan 
Forestry Research 
Institute.

EDUCATION:University of 
Georgia, Athens, Geor- 
giak, U.S.A. 1979-1984, 
PhD (Entomology)1984

EMPLOYMENT RECORD:
-Taiwan Forestry 
Research Institute 
1991 -present, 
Research Sci entist
and Head, Division 
of Forest Protection. 

-University of Oxford, 
Oxford, U K . 1990 
(March-August), Aca
demic visitor, wildlife 
C o n s e r v a t i o n  
R e s e a r c h  U n i t ,  
Department of Zoology. 

-Taiwan Forestry 
Research Institute 
1986-1991, Associate 
Research Scientist, 
Division of Forest 
Biology.

■-Preparatory Office, 
National Museum of 
Natural History 1984- 
1986, A s so c ia te  
Research Scientist, 
Division of Collection 
and Research.

13



NAME: Liang-Chou, Hsia 
TITLE:-Professor of Ping. 
EDUCATION:Ph.D of Edin

burgh University 
EMPLOYMENT RECORD: 

-Assistant
Researcher (1970-1976)

; 1(- A s s o c i a t e d  
Researcher (1976-1984) 
of Pig Research Insti
tute.
-Research fellow(1984- 
1993)

14
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NAME:Ying Wang 
TITLE:-Institute of Biology, 

• National Taiwan Nor
mal University
Professor

EDUCATION;
National Taiwan Nor
mal University.B.S. 

EMPLOYMENT RECORD:
-Institute of Biology, 
National Taiwan Nor
m al U n iv e rs i ty -  
Associate Professor. 
1983-1988

-Institute of Biology, 
National Taiwan Nor
mal University- Pro
fessor. 1988-1993

m :
m±

mm

tm -x m m w m  

m m :
Jiff

NAME: Yao-Sung Lin 
TITLE:Professor and Chair

man.Dept. of Zoology 
National Taiwan Uni
versity 11 ” ’•

EDUCATION:
Ph.D Dept, of Natural 
Resources Cornell Uni
versity U.S.A. 

EMPLOYMENT RECORD:
-Associate Professor, 
Dept, of Zoology 
National Taiwan Uni
versity

-Instructor,  Dept, of 
Zoology ¡.National Ta
iwan University 

-Teaching assistant 
Dept .of  Zoology 
National Taiwan Uni
versity
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NAME:Ping-Shih Yang 
TITLE:Head and professor of 

Dept, of plant Pathol
ogy and Entomology, 
National Taiwan Uni
versity

EDUCATIONiDoctor of Agri
culture.

EMPLOYMENT RECORD: 
Teaching assistant, 
NTU;
Lecture, NTU; 
Associate professor, 
NTl£«i

Pjff±
M M  :

m m m
m  : m î L m m n m m w m

NAMEiL.L.Lee. 
TITLE:Associated professor 

Dept, of Zoology 
National Taiwan Uni
versity.
EDUGATION:Ph.D 
University of califor
nia, Davis
E M P L O Y M E N T
RECORD:
Post Doc. associated 
researcher National 
Taiwan University.

J&S : I X X &
? M :

M M : M

MM ’• ajtrhiz;iĴ lHM!l8l-̂

NAME:Pao-chung Chen 
TITLE:Acting Director of 

Taipei Zoo. 
EDUCATION:

-Animal Husbandry 
Pintung Agriculture 
College.
Business Manage
ment

-TanKang University 
EMPLOYMENT RECORD:

Curator, General Cura
tor of Animal Collec
tion, General Super
intendent of Taipei 
Zoo.

15



NAME: KAWANABE Hiroya 
Nationality: Japanese
TITLE:Professor of Kyoto University (Faculty of Science)

Director of the Centre for Ecological Research, Kyoto 
EDUCATION:Kyoto University Graduate School of Sciences Doctor Course (1960) 
EMPLOYMENT RECORD:

-Instructor of Kyoto University (1960-1961)
-Lecturer of Kyoto University (1961-1967)
-Associate Professor of Kyoto University (1967-1977)
-Professor of Kyoto University (1977-)
-Director of Centre for Ecological Research (1991)*

NAME:Robert J. Behnke 
TITLE: Professor

Department of Fishery and Wildlife Biology 
Colorado State University 
Fort Collins, CO 80523 

EDUCATION:
1957 B.A. Zoology Connecticut University 
1960 M.A. Zoology '&niversity of California 
1965 Ph D. Zoology University of California
Graduated Connecticut University with distinction and high honors. M.A. 
thesis on the trouts of the Great Basins; Ph.D. thesis on systematic* of 
family Salmonidae. Fields for Ph.D. qualifying examination:general zoo
logy, ecology, vertebrate zool ogy, entomology and vertebrate physiology.

EMPLOYMENT RECORD:
1947-1952:Yale and Towne Hardware Co.
1952-1954:U.S. Army
1956:Chesapeake Biological Laboratory, Solomons, Maryland, assistant to the 

late Dr. R. Mansueti; studies on fishes of Chesapeake Bay 
1957-1964:University of California, Research Assistant, teaching assistant and res

earch biolo gist
1965:American Academy of Science, Exchange scholar
1966:University of California, Assistant Professor of Zoology, teaching ichthyology 

course
1966-1974:U.S. Fish and Wildlife Service, Assistant Unit Leader, Colo. Coop. 

Fishery Unit and Research Biologist
1974-present: Colorado State University, part-time teaching, part-time private con

sulting and advising



NAME:James L. Vial
TITLE:IUCN/Species Survial Commission

Name: Kevin J. Gaston 
Nationality: British 
EMPLOYMENT RECORD:

-September 1991 - Present. Senior Research Fellow, Dept, of Entomology, 
The Natural History Museum, London

-September 1989 - August 1991. Junior Research Fellow, Dept, of Ent
omology, The Natural History Museum, London 

EDUCATION:
October 1986 - August 1989. DPhil. Biology,-University of York 
October 1983 - July 1986. BSc. (Special Hons.) Zoology, University of She

ffield

NAME : Terry L. Maple 
TITLE:Director, Zoo Atlanta. U.S.A.
EDUCATION:

A.B. 1968 University of the Pacific 
(Psychology)

M.A. 1971 University of California at 
Davis (Psychobiology)

Ph.D. 1974 University of California at 
Davis (Psychobiology)

EMPLOYMENT RECORD:
Academic Appointments

Assistant Professor, Emory University, 1975-78.
Associate Professor, Georgia Institute of Technology, 1978-82, 
(Tenured 1982).
Professor, Georgia
Institute of Technology, 1984:present.
Coordinator, Experimental Psychology Program, Georgia 
Institute of Technology, 1989-91.



NAME: Robert A. Cook
TITLE:Director of Animal Wildlife Health Science NYZS, Bronx Zoo of U.S.A. 
EMPLOYMENT RECORD:
1990 - Date:Chief Veterinarian

N. Y. Zoological Society, Bronx, New York 
1988 - 1990:Clinical Veterinarian

N. Y. Zoological Society, Bronx, New York 
1983 - 1985: Staff Veterinarian

Cheyenne‘Mountain Zoological Park, Colorado Springs, Co.
1981 -1983: Small and Exotic Animal Practitioner

Aspenwood Animal Hospital, Denver, Co.
1980: Intern

The Animal Medical Center, New York, N.Y.
EDUCATION:
1985 - 1988:ResidencypZoo Medicine Animal Health Center New York Zoolo

gical Society Bronx, New York 10460
1980 - 1981 internship, Small Animal Medicine & Surgery The Animal Medical 

Center New York, New York
1976 -1980: University of Pennsylvania School of Veterinary Medicine V. M/'.

D.,^Magna Cum Laude
1972 -1976: Michigan State ^University Bachelor of Science - Microbiology 

and Public Health

NAME: SEAL, [ULYSSES SAMUEL
EDUCATION:Emory Univ., Atlanta, Ga. Psychology B.A. 1949 

Emory Univ., Atlanta, Ga. Psychology M.A. 1950 
Emory Univ., Atlanta, Ga. Biochemistry Ph.D. 1957 
University of Minnesota Biochemistry Post DocM.957-59

EMPLOYMENT RECORD:
Career Research Scientist VAMC Minneapolis, MN 1980-91
Research Chemist, VAMC Minneapolis, MN 1959-91
Post-Doctoral, Univ. Minnesota, Minneapolis, MN 1957-59
Professor, Biochemistry, University of Minnesota 1971-
Professor, Fisheries & Wildlife, Univ. of Minnesota 1976-
Professor, Ecology and Animal Behavior, Univ. of 
■  ■  i f  1986-Minn.
Chairman, Captive Breeding Specialist Group 1980-
Consultant, CBSG 1991-



N A M E *  Jeremy J C Mallinson

T I T L E : D i r e c t o r * Jersey Wildlife Preservation Trust 

EDUCATION • The King's School, Caterbury

EMPLOYMENT RECORD:

- Editorial Boards of Zoo Biology

- Editorial Boards of the International Journal for
the Study of Animal Problems

Editorial Boards of the New Biovdiversity and Conservation
- Chairman of the Editorial Board of the International

Zoo Yearbook

U.K. Board of Trustees of the Dian Fossey Gorilla Fund
- Honorary Director of the Wildlife Preservation Trust, U.S.A

and Wildlife Preservation Trust Canada

NAME:Willie Labuschagne 
TITLE: Director:

National Zoological Gardens Of South Africa 
EDUCATION:

* Matriculated in 1962
* 1967 B.Sc
* 1968 B.Sc (Honours) (Wildlife Manage ment)
* 1980 M.Sc (Wildlife Management) 

E M P L O Y M E N T  RECORD:

1963 - 1964:South African Bureau of Standards - Microbiologist.
1969 - 1970:Mammal Research Institute - Research Officer.
1971 - 1972 department of Technical Agricultural Services - Senior Ent

omologist.
1972 - 1976 Johannesburg Zoological Gardens - Zoologist.
1977 - 1985 Johannesburg Zoological Gardens - Director.
1985 - Present.National Zoological Gardens of South Africa - Director.

19
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October 11,1994

Eric Smith 
2466 S. Bannock St. 
Denver, CO 80223

Professor Robert Behnke
Department of Fishery and Wildlife Biology
Colorado State University
Fort Collins, CO 80523

Dear Dr. Behnke,

I am writing to follow up on our conversation of October 6 concerning my travel to 
the People's Republic of China. I'd like to thank you for your time and for your helpful 
suggestions. Based on your information that there are, indeed, salmonid populations on 
the Chinese mainland, I am preparing an informal "proposal suggestion" which will be 
reviewed by the Durfee Foundation. A more detailed proposal and itinerary will be
required by the end of December.

The Durfee Foundation is funded by the estate of a successful entrepreneur, who, 
during the 1920's, went to China on what he remembers as a "wonderful adventure." He 
decided to allow others the opportunity to pursue similar adventures and he made 
significant funds available to individuals with "creative and personally significant 
visions." The Durfee Foundation Adventure Capital awards are available to recent 
graduates of the Claremont Colleges, and they prefer proposals addressing an avocational 
interest, as opposed to career development.

My suggestion to explore China for its potential fly fishing was enthusiastically 
received by the program coordinator at my Alma Mater. He has assured me, based on the 
level of funding available, and his experience with the kinds of proposals that have been 
funded in the past, that mine is almost certain to be successful.

I am, in short, probably going to China next summer — probably with the resources to 
visit difficult or even unexplored areas.

Over the next six weeks or so I will be finalizing my proposal and planning my 
itinerary. Any information which you might have available would be most helpful and 
most appreciated. I would be grateful for the opportunity to discuss with you questions of 
fish biology and distribution if it is at all convenient to your schedule. I would welcome 
the chance to work with the Chinese graduate students you mentioned last week. Also, if 
you know of an individual familiar with the aquatic insects of China, I would certainly 
appreciate such a contact.



My goals for this trip are primarily to fly fish and enjoy the challenge of exploration 
and the prospect of discovery, the but chance to learn about relatively undocumented 
Chinese fish and fisheries can certainly complement my objectives. I have a physics 
degree and some coursework in biology, but my knowledge of ichthyology is limited to 
what I've read in your articles in Trout. I am, however, a diligent student, and I'd be 
honored to work with you with the aim of using the opportunity of my trip to further 
scientific understanding of the fish of China.

I hope to hear from you soon. I realize that you must have many demands on your 
time, but I hope that I'm not making too large an imposition. Once again, thank you for 
your time last week, and although I will try to contact you in the next several weeks, 
please don't hesitate to contact me if I can clarify any of the ideas I've presented.

Sincerely,

Eric Smith

(303) 871-9543 
(303) 572-5471 (w) 
(303) 572-5499 fax
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The Mongol hordes of Genghis Khan and his 
successors swept as far as Vienna in the 13th 
century. Probably less than 10 percent of Inner 
M o n g o lia ’s  p e o p le  aré M o n g o l today, but their 
population is increasing. Livestock, coal, iron, 
salt, steel, and grain are economically 
important, yet many Mongols remain 
seminomadic. They follow their flocks in 
summer, covering great distances and living in 
felt tents called yurts. Their yearly Nadam Fair 
features stock sales and contests of 
horsemanship, wrestling, shooting, and archery.

The Hui s i r e  essentially the same as the Han, 
except that they E ire  Muslim, the Islamic 
religion having been introduced by Arab soldiers 
and merchants 1,200 years ago. The Hui are 
widely dispersed in many occupations, notably as 
butchers E m d  restaurateurs. The Tu (Monguor) 
clans once served as frontier defenders for 

imperial China, which earned them limited 
local autonomy.
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The Manchu, once herders Emd hunters, 
conquered China in the 17th century. They were 
gradually assimilated and are now found in all 
trades across the northeast, with little remaining 
of their Emcient customs or language. Only in the 
past 25 yeEirs, however, have the Oroqen and 
Ewenki begun giving up the birch-bark and hide 
tents of migrant hunters for a more settled life. 
They still hunt, but also breed deer, tend flocks, 
and farm. Many now live in commîmes with 
warehouses, bams, and pens. The Daur have a 
tradition of grain and vegetable farming and 
animal husbandry, as well as logging, hunting, 
and fishing. KoreEin immigrants have been 
filtering into China for centuries. Once rice 
growers, they have lately joined in the 
industrialization of Manchuria. *er
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A The Silk Road threading through Xinjiang’s 
H  deserts and mountains carried China’s trade 
W  westward and eventually opened the way for 

■ Islam’s expansion eastward. Seven of the 12 
minorities here are Muslim, most of whom speak 

I Turkic languages and for centuries used Arabic 
script. The Uygur, once called “high carts,” raise 
fruit, wheat, cotton, and rice by extensive 
irrigation. Their faces combine Indo-Iranian E m d  

Mongoloid features.
The Kazak, renowned for their horsenmnship, 

and the Kirgiz, who keep Bactrian camels, have 
reduced their pastoral wanderings as herders of 
sheep and goats and live in communes during 
winter. The Xibe, transplanted from the 
northeast as part of a border guard 300 years 
ago, are the largest single group of Manchu <?v
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Herders of yaks, sheep, and goats and farmers 
of barley, peas, and tubers, the Tibetans sparsely 
inhabit a high, desolate region surrounded by 
mountains and barricaded on the east by the 
canyons of the Yangtze, Mekong, and Salween 
Rivers. The advent of Buddhism in the seventh 
century led to a theocratic state intermittently 
controlled from China from the 13th century until 
1959, when it took full power in the aftermath of 
a rebellion. Serfdom was abolished, government 
secularized, communes established, and 
mechanized agriculture and other modernizations 
begun. Surface transportation is as yet 
rudimentary; the first railroad may reach Lhasa in 
five to ten years.
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Some minorities had been so absorbed that 
their status as separate peoples was nearly lost. 
Despite their numbers, the Tujia were not 
recognized until the 1950s. (The Jino of Yunnan 
in the southwest were only designated a 
minority in 1979.) The Tujia farm rice and com, 
gather fruit and fell trees for lumber, produce an 
oil made from tea, and are adept at handicrafts. 
The She, who now speak mainly Chinese, may be 
descended from the Yao who retreated to the 
west 500 years ago under pressure of Han 
expansion.

Kaoshan is a general term applied} to the 
aboriginal mountain peoples of Taiwan: m illet 
farmers, hunters of game, and, until the early 
20th century, hunters of heads. Their, languages 
seem to stem from the Malayo-Polynebian group 
and may be the result of several migrations, 
perhaps from the mainland 4,500 years ago or 
from the Malay Archipelago.
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ROCADED with Basin. Peoples on the empire’s 
borders were simply and officially 
barbarians, and in the third century 
B.C. China built that most colossal 
artifact of policy toward those to 
the north: the Great Wall to keep 
them out.

With the Han Dynasty (206 B.C. 
to A.D. 220), China expanded into 
Central Asia and sent armies into 
Mongolia. Trade along the Silk 
Road reached as far west as Rome.

Chinese imperial fortunes rose 
and fell over the centuries, but even 
in eras of ascendancy no uniform 
policy governed the treatment of 
minorities. Those who were lowland 
farmers were absorbed by the Han 
majority (named for the dynasty); 
others were taxed and their lands 
garrisoned. Some paid only nominal 
tribute and allegiance, while still 
others retreated Into remote 
mountain strongholds.

The Han majority was overrun by 
the Mongols under their khans 
(1260-1368), who did not adopt 
Chinese ways, and by the Manchu 
who, as the last dynasty (1644- 
1911), gradually adopted them.

Comprehensive policies for minor
ities issued after the Communist

MIAOrevolution Include limited regional 
autonomy, training programs, 
freedom to develop native languages, 
and cultural and economic assistance. 
Use of the symbol for dog as part 
of written characters for ethnic 
names was abolished and the 
symbol for man substituted.

During the Great Leap Forward 
(1957-59) and the tumultuous 
Cultural Revolution (1966-69), the 
rights of minorities were restricted. 
Rebellions were suppressed In 
Tibet In 1959 and in Xinjiang 
(Sinkiang) in 1962. In recent years 
the rights of minorities have been 
reaffirmed and their development 
accelerated. They have also been 
exempted from the national birth- 
control campaign.

These diverse peoples supply 
most of China’s livestock, have in 
their territories most of China’s 
mineral resources, and inhabit 
China’s borders with, among others, 
the Soviet Union and Vietnam.
Often their kinsmen live across 
those national boundaries. Such 
factors argue for an even greater 
role for China’s other peoples In 
the campaign for peaceful 
national development.

many
threads, the great robe of 

M China Is trimmed with 
™ ^  various patterns at cuffs, 
collar, and hem. Border regions are 
embroidered with the homelands of 
most of China’s 55 minority peoples. 
Though only 6 percent of the 
population, these groups number 
some 56 million and inhabit 
more than half of the country’s 
territory, much of it deserts, 
steppes, or mountains,

The national minorities, as they 
are called In China, differ from the 
predominant Han Chinese in one or 
more of the following ways: language, 
customs, historical development, 
religion, race. They vary In numbers 
from 12,090,000 Zhuang to 600 
Russians. Those pictured around the 
map represent most of the populous 
minorities, with a sampling of others 
to suggest their diversity. Though 
shown In traditional costumes, many 
daily wear such utilitarian garments 
as shown for the Han. (The box at 
lower right lists all of China’s 
peoples and keys their distribution.)

What was to become the Chinese 
empire grew from Neolithic 
settlements in the Yellow River

U-MIÂO-
Lt-MfAO

Ll-HAN A KEY TO ETHNOLINGUISTIC GROUPS IN CHINA
SOUTHWEST

Largest of the minorities, the Zhuang share with 
the Dai (ethnic kin to the people of Thailand) 
common linguistic roots and a love of festival 
singing and dancing. But unlike the more 
remote Dai, the Zhuang have had a close 
affiliation with the Han for centuries. So, too, 
have the Bai, rice farmers from villages in the 
high plains of Yunnan, whose ancestors were 
among the original Inhabitants of the region.

Scattered in small stockaded villages in 
rugged mountains, the Yao raised rice, maize, 
and sweet potatoes by slash-and-bum farming. 
With the advent of better communications and 
transportation, they have a developing economy 
based on some hydroelectric power and increased 

irrigation. Fierce warriors,
1 the Yi evolved an aristocratic
\  society (even their slaves
^  ^  J B k S L  had slaves) and a religion

based on the reading of 
#  w - * i S  j  sacred writings.

various peoples are  given in Pinyin, the official 
Chinese system of transcribing Chinese 
symbols into the Roman alphabet. The 
exceptions are: Tibetan, Manchu, Korean, 
Kaoshan, and Russian.

Tinted areas on the map show the extent 
of language families (Tibeto-Burman, for

The peoples of China are classified into five 
broad language groupings, listed below, and 
into more closely related language fam ilies, 
as indicated by color. (An exception are  the 
Hui, distinguished from the Han not by 
language but by their Muslim religion.)

W ith five exceptions, names for the

exam ple), while the location of specific 
peoples is shown in type.

Tinted circles denote the presence of a  
people but not their extent. A ll locations and 
population estimates are taken from the most 
current data compiled by the People's Republic 
o f China.

SOUTH
Dispersed from southern China across northern 
Vietnam, Laos, and into Thailand, the Miao 
(Hmong) vary in dialect, styles of farming, and 
designation: Black, White, Red, Blue, Flowery, 
and Cowrie Shell Miao among others. Forced 
southward by the Han, often despised and 
exploited, many settled in distant mountains, 
raising m illet, and buckwheat by slash-and-bum 
farming, their diet supplemented by domestic 
a n im a ls  and hunting. Modernization—improved 
farming methods, organization of communes, 
road building—has been made difficult by the 
ragged terrain in which the Miao are scattered.

Native to the mountains of Hainan Island, the 
Li long had a history of rebellion against Chinese 
authority. In 1943 they rose against the 
Nationalist occupiers and were joined by local 
Communist, guerrillas and later by the Chinese 
Red Army in the first large-scale collaboration of 
a minority during the civil war.

ALTAIC
Turkic

I---------1 Kazak 800,000; Kirgiz 97,000;
1---------1 Solar 56,000; Tatar 2,900;

Uygur 5 ,480,000; Uzbek 7,500; 
Yugur 8,800

Mongol
| ‘ ' I Bo nan 6 ,800; Daur 78,000; 

Dong xiang 190,000;
Mongol 2 ,660,000; Tu 120,000 

Tungus-Manchu 
| | Ewenki 13,000; Hezhen 800;
L - k Manchu (Man) 2,850,000;

Oroqen 3 ,200; Xibe 44,000  

Korean
|  Korean (Chooxian) 1,680,000

SINO-TIBETAN
Sinitic

I I Han 900,000,000

MALAYO-POLYNESIAN
I  Kaoshan (Gaoshan) 300,000

AUSTROASIATIC
M o n -K h m e r

I  Benglong 10,000;
1----------1 Blang 52,000; Va 260,000

Vietnamese 
I  Gin 5,400

--------1 Dong 1,110,000; U 680,000;
Moonan 31,000; Mu lam 73,000; 
Prlmmi 22,000; Sui 230,000; 
Zhuang 12,090,000

Tibeto-Burman
--------1 Achang 18,000; Bai 1,050,000;

‘ fV iin /1 A  l f l f l i  Mnni OAT) f lf lf l•
MIAO

Drung 4,100; Hani 960,000; 
Jingpo 83,000; Jino 10,000;
Lahu 270,000; Lisu 470,000;
Lhoba 300,000; Monba 40,000; 
Naxi 230,000; Nu 19,000; Qiang 
85,000; Tibetan (Zang) 3,450,000; 
Tujia 770,000; Yi 4 ,850,000

Slavic
Russian (Russ) 600

Miao-Yao
Gelo 26,000; Mioo 3,920,000; 
She 330,000; Yao 1,240,000

UNINHABITED

SCALE 1:7,150,000
I CENTIMETER » 71.5 KILOMETERS OR I INCH » 113 MILES

STATUTE MILES
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Original Title: "Investigation of the Geographical Distribution of Salmonid 

Fishes in China": 1984» Tungwu Fenlui Hsuehpao, 3* 34-37.

Fishes without Japanese names were referred to by their scientific names. 

Tentative Japanese names were assigned as follows: i. e., Hucho taimen was
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referred to as "Amur Itou", H. iBhikawai as "Korai Itou", H. bleekeri as 

"Choko Itou", Brachymystax lenok tsinlingensis as "Tsinling Kokuchimasu". 

and Onoorhynohus masou formosanus as "Taiwan Yamame".

Double parenthese indicate translator's notes (by the Chinese-Japanese trans

lator Sato— Tr.).
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