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1. GENERAL INFORMATION

1.1 Member of the project

Tran Duc Hau, Ngo Sy Van Ta Thi Thuy Hoang Ah Tuan, Chu Haay Nam, Tran Trung
Thanh Nguyen Quang HyyPham Van Ha& Nguyen Trong Nghia

1.2 Group namewith leader

Fish Group. Leader: Tran Duc Hau, PhBmail: hautd@hnue.edu.vn
Reporting person(s)

1. TranDuc Hau, PhD, AssociateProfessor.

2. Ngo Sy VanMSc; anai: nsvan@rial.org

3. Ta Th Thuy, PhD.;emal: ttthuy@daihocthudo@edu.vn

4. Tran Trung Thanh, PhD; emaihanhihthyes@gmail.com

5. Nguyen Quag Huy, BSc enail: huyngbio.hnue@gmail.com

6. Dang Thi Thanh Huong, BSemail:dangthithanhhuong2000@gmail.com

2. RESEARCH

2.1 Abstract

This is the final report of a ichthyofaunaresearchin nothern Vietnam which has keen
funded by the Nagao Natural Environemt Foundation, Japa This projectattemptsto
elucidatethe diversity community structureand tke distribution of the ichthyofaunain the
karst forests d northeastern Vietham based on morphological and molecular atadato
examinesome biological chacteristicsof severalfish species in the studgite The present
study also indices themportanceof fisheries asvell as conervation staiis of these animals
in the study siteln addition, the project will helpotstrengthen the professional capaof
young researchers iichthyologyin Vietham. One naster student antbur students frm
Hanoi National University of Hetationwill involve in this study in order to complete their
masterand bachelodegrees.


mailto:ttthuy@daihocthudo@edu.vn

Eight field surveys were conductddbm October 2018to November2021 in northern
Vietnam: two fiéd trips in Cham ChWNature Reserve NIR) of Tuyen Quang Provingewo
field trips in Bac Me NR of Ha Giang Province, two field trips in Phia GRigia Den
National Park lP) of Cao Bang Province, artdio field tripsin Nam Xuan LadHabitat and
Species Conservation Are@SCA) of Bac Kan Province.Taxonomic identification was
based omorphological and moleculacharacteristicsThe roleof fisheries for local esidens
and status of fisheries resouscevere collected from the mmview Also, ®nservation
concerns were evaluated basmu direct observation in the field anderview with locd

authorities andesidens.

Ichthyofauna Based orlaboratory analysigand direct observation ithe field, atotal of 75

speciesor more in 25 families and 8orders were recorded from four studsites in

northeastern Vietnamimportantly onenew spedeswasdiscovered from Phia O&ehia Den
NP, Euchilogbnis namisp.n, andmany of themwere unidentified geaes whichneed to be
further checked In Cham Chu NRatotal of 49 speciesor morewere obtainedand all of

themwere new records for theusly site. In Bac Me NR, a total 0B9 speciesor morewere

documentedwith manyadditional records for the studites There were 19 speciesor more
in Pha OacPhia Den NRCao Bang Provingeand24 speciesor morewere obtained from
Nam Xuan LadHSCA (Bac Kan Praiince) The Cypriniformeswere the most diverse with
families (accounting foi38%) in Bac Me NR 7 families (accountingdr 41%) in Ca Duong,

and6 families (accountig for 40% 46% and38%) in Phu Luy Phia OaePhia Den NP and

Nam Xuan LacHSCA.

According to the IUGI Red List, four speciesclassifiedas VU level occurring asites:Cao
Duong Bac Me NR, Pia OacPhia Den NPIn Bac Me NR,Phia OaePhia Den NP, Nam
Xuan Lac HSCAareas therewas also specie©nychostoma gerlachas NT level ard the
speciePseudohemicultedispar only found in Cao Duongrhe speesRhinogobius lineatus
asEN wasfoundin Nam Xuan Lac HSCAVulnerable pecies are distributed mainig Cao
Duong followed by Bac Me NR, Phia Oa®hia Den NP with species

The pesent study provides morphonetrics of S. ramxamensisN. benasiand R. simils,
which will be useful data fdurther studies on identification.

The b was higher than #hisometricvalue of 3 indicating tha S. namxammsis revealed a
positive allometricgrowth, which implies the high adaptability of the gwies to the

ervironmert in the sirveyed areadt alsoshows thatR. similisis positive alloméric growth



(b > 3) ard thecondition factor (K)value is 1, ndicaing thatthis geciesis well adaptedto

theenvironmentl conditionsacrossorthen Vietnam.

Seweral results ofintervieweesin the four areasevealtha fish werequite an important
source of protein fothe locd community Almost all interviewees recogned that income
from aquatic prodtts from the two rives hadbeen declining rapidlyThe rats of decline
during thepast fve andtenyears rangeddém 32-50% to %6-7%, respetively.

Sone differences could be éund amonginterviewed sites In Cham Chu NR,many

intervieweesagreed thaidegructive gears used toath fish is the reason to redudeet
fishery resources, followed by theverexploitaion, introdued fish speciesgefaestation
and waterpollution, which are tle two mos importart reasons in Bc Me. In Bac Me,the

tourism ativity is a different reasofrom the Gvam Chu NRHowever,intervieweesfrom

Cham Chu NRand Nam Xan Lac HSCA said that fishelies prauction hasrecently
recovered becauselestructive gears arforbidden and tb awaeness of loca people to

protectthe resourcess increasg.

Education and training:

[0 Chu HoangNam, a PhD studenand Nguyen Trong 8hia, a master studeof the
Hanoi National University of @ucation, could be tained insamplng, fixation
photograply, identificationand makingeport.

00 Tran Trung ThantPhD, a young researcher, frothe University of Science, Vietnam

National University, Hangicouldlearn about studying on felwater fishes

[1 Nguyen Quag Huy, a undergraduatetgdent from Hanoi Natioal University of
Education used materials from Cham ChNR for his bachelothesis.

0 Vu Trung Hiey an undergraduate studenfrom Hanoi National Universjt of

Education used materialsf Rhinogbius from the study sitefor his bahela thesis.

[1 NguyenLe Hoai Thuong a naster studerof Hanoi National Universyt of Education
has used the collection &hinogobiusspecinens fromnortheasterrvietham for her

master thesis. Her master cowssscompleted in themiddle of 202.

(1 Duong Thi Huyen an undergradate student from Hanoi Natond University of

Educationwill use materialsof Parazzacdrom the study sitefor her bachelo thesis.



(1 Nguyen MinhThuy, an undergraduate studenrom Hanoi Natioa University of
Education will use materialsof Gambusia &inis from the study sitefor her bachelo

thesis.

Consavation concern: Data about species richness, new findings and conservation value of
fish speciesfrom Cham Chu NRBac Me NR, Phia OaPhia Den NP and Nam Xuan Lac
HSCA indicate an important roleof limestone karst forests ibiodiversty conservation in
northern Vietnam. Based on this data, local authorities and decision makers can develop a
conservéon plan for eactspecies and an approgig operationaprogramfor eachnature
reserve In the studysites,four species ligdin the IUCN Red Listshoull bepriority to be
protected. They arelLeptobotia elongataCyprinus carpio Pseudohemiculter digp, and
Oreochromis mossambicusspecally, Rhinogobius lineatuss EN level need tobe further
studied.Among four study site several sampling sites i€ham Chu NRand Bac M NR
shouldbe in priority of congrvationbecause vulnerable spes are maily reported from
thesetwo areas.

The project ddivers sveral proposed reommendatioa for biodiversity consevation and
planring. Firstly, further identifcation of unknown species should be done to have a full
picture of species compaisih of fish in the sudy sitesNext, workshops with locatesidents
andlocal authorites about fish diversity and fisheriagsouceswill increa® their awareness
of consevation Further investigations intothe impacts of exotic fish spes on native
ecosywtems will be importantto proposea suitable conservain plannirg. Last, apdying

remote sensingvill take in advatage to hava map forconsavation.

Publications:As a result ofour research, wpublished one paper on national cengince in
Vietnam, a newspedes for sciencevassubmitted and another mascript usig matrials of
Rhinogobiuswas acceped to publishin journal Acta Zoobgica Bulgarica Several papes

will be publishedin the near futur@sing the present studyaterials.
2.2Background of the stidy

Tropical rain forests are recognized as ideal natural laboratorigs<@@romic,natural history,
and biegeographic reseeh (Dirzo & Rawen 20@). Vietham ontairs a largeproportion of
tropical rainforests, which are mainly located on high mourgamthe northern part of the
country and Truong Son Rangewide range oklevatiors and the complexity of landforms
have give the montane egion a great diversity of natural habitats and a high levelf o

biodiversity (Sterling et al. 2006)At present,a total of DO species ofreshwater fish ave
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been recorded in Vietnarflran et al.,2013. However, previows works on ichthyohura
indicate that may unidentified taxa still remain, and have problem in taromy, which

should bdurtherinvestigated

The NEF Bio-ecological Nature Conservation Prdjgao Mountainous Region of Nth

Vietnam aims to explore the ibdiversity and evaluate the conservationpotentids of

limestone karst forss of northeastern Vietnam. As a part of this projdu fish group
intends to evaluate the species diversity, ithistion pattern and conservan value offish in

four targetprotected areas, naty Phu Luu and CaoDuong conmunein Cham Chu NR
(Tuyen QuangProvnce), Bac Me NR (Ha Giang Province), Phia GRlsia Den NP (o
Bang Province) antlam Xuan Lac HSCA (Bac Kan Province)

2.3Literature review
2.3.1 Natural features of the study area

Northern Vietnamhasa high diversity ingeology and environmentwith a mixture of granite

and limestone, uplands adlta, jaged peaks and humid lowlandshich is apotential to

have high biodiversity Thi s di versity refl ectsnenthet her n
intersedon of the tropical and subtpical zones amh the biotic influence of three
biogeographic units: Indochinaputh China, and coastal Indochi(&terling et al., 2006)

More importantly there are severaiver basins in northern Vietnaraich as the Red Rer

including the Lo and Gantributariesand Thai Binh River, which flow through different

topograic featues making the differece in agatic environments.

The limestone mountamin the North of Vietham are consideradone of thke kodiversity
hotspots However, the data orfish here are wg poa. In the context ofincreasing
biodiversity losses, moreomprehensive studies, includirgpreral regions are required.
Together withstudies on economic and socadpectsthis studywill allow making afull
assesment of the statusf biodiversty aswell as the pressures on the ecosystem.

2.3.2 Overview of tudy sites

Cham Chu Nature Reserve

Cham Chu was established under Decisiam N 1 5 3UBNIDdated 21/09/2001 of the
People's Committee of Tuyen Qup The geographical coordired of the NR rom
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221 4 617 62 1t603 02726 6 N, 25a3n6d2 7f Oflotid 11ED@protected area with
total 0f15,902.1 hectares is loeakinthe fivecommunes: Yen Thuan, Phu Luu in Ham Yen
district, Ha Lang, Trung Ha d@nHoaPhu in Chiem Hoa districThere are 2,703 persons
belonging 6332 families of eight groups peoplesing in the Cham Chu NR. The mosbgp
people are Tay with about 15,522 mers, Dao with 7,343 persons, and Kinhttwi,749
persons. Almost locgdeopks ardiving basdon ariculture andoredry.

There is no data achthydauna and fishées statisin this study site until now.
Bac Me Nature Reserve

Bac Me NR was establistieinder Decision No. 648/QDBND dated November 24, 1994

of the People' Committee of Ha GiandProvince with a tothnatual area of 9,08.3 hectares.

The Nature Reserver is loedtin the three communes: Lac Nordinh Ngoc and Thuong

Tan in Bac Me distct. The geographical coordinates according to VN2000 of the protected
areaare from 223 8 6 5 9 &4 5t604 726FoM, 1058 71 6 4 001663 30E.

In this study site, there are two river basins, the Gam and Lo Rivers. In a review paper,
Nguyen and Vo (1999) reported a total ofsfiecies, buthey did not provide the sampling

sites. Henceit can be saithat data onigh inBac me NR stilheeds taxplore.
Phia Oac- Phia Den National Park

Phia Oac- Phia Den National Park was established under Decision No. 57/KgDof the

Prime Minister, signed on January 11, 2018. The special missiopnservationof 90
threateed plant species. Phia Oac Phia Den National Park has a total natuaeta of
10,593.5 hectares in 5 communes, Thanh Cong, Quang Thanh, Phan Thanh, Hung Dao and
Tinh Tuc town of Nguyen Binh district, Cao BaRgvince.

There 8 no data onchthydauna ad fisheries statis in this study site until ngwhough
Nguyen (2018 make a Ist of fish from Bang Giang Rivesince a small part of this river

basinis present inPhia Oad PhiaDen National Park.
Nam Xuan Lac HSCA

Nam XuanLac SHCA was apmved by the Boples Committee of Bac Kan province in

Decision No. 342/QBJB dated March 17, 2004, with total natural area of 1,788 hectares,
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located on the two Na Da and Ban Khang villages, Xuan Lac commune, Cho Don district,
Bac KanProvince.

There isno data onchthydauna and fishés statis in this study site until now.

24Gr o upuidpaseand subjects

Purpose
Purposeand subjects

1. This prgect aims to explore the diversityhecommunity structur@and distributiorof
theichthyofaunain the karst forsts of northestern Viethanbasedon morphological
and molecular dataand toexaminesome biological characteristicd severalfish

species in the studgite

2. The present study also indtea the importancef fisheries as well asonservation

status of tese aninals in the study site

3. In addition, the project will helpotstrengthen the professional capacity for young
researchers irchthyologyin Vietham.Five students fronHanoi National University
of Education will invdve in this study in ader to compl&e their masterand bachelor

degrees.
Objecives
Specific objectives of this studyre
1. To evaluatelte speciesdliversity offish in karst forests of northeastern Vietnam.
2. Toundestanddistribution of fish speciesn differert areas and ver basns.

3. To examine biological traits ofseveral fish spees which will be fundamental

information for conservain;

4. To determinethe impotanceof fisheries as well as comwation status of #se

animals in the study site

5. To provide ssertial datafor biodiversty conservation othe region. Based on the
results of our surveys and referred to the ishield literature we will define the hot

spotsfor theichthyofaunaconservation imorthernVietnam.

Subjects

13



Fish diversity vdue: Focussirg on speces diversity ad their dstribution.

Biological characteristicsof some species

Importance of fishery resources and conservation status

Training: Theresearch assistanigere trained in the field work dnin laboratory, especially

in fixation, taking photosdata analysiand icentification

2.5 Materials and methods

251 In the field
Sanpling sites

Eight field surveys were conducted imuyen Quag Ha Giang Cao Bang, andBac Kan
provinces in the thregeas, from October 2018 tdNovenber 2021 (Figs. 15). Because two
field trips in Cham Chu NR wermnducted in different are@@hu Luu and Cao Duonghis

report will present ichthyofaursegarately.

Trip 1 from 24 to 31 October 281lin Cham Chu Nature ReseryePhu Luu

Commune, Ham Yen Distt, Tuyen Quang Province.

- Trip 2 from 19 to 26 April 2019 in Chan Chu Nature Reserve, Cao Duong Vikag
Yen ThuanCommune, Ham Yen District, Tuyen Quang Province

- Trip 3from 5to 12 Juy 2019 in BacMe Naure ReserveMinh Ngoc,Thuong Tan,
Lac Nong ommunes, Bac Me DistrictHa Giang Provine.

- Trip 4 from 24 to 31 December2019in Bac Me Nature ReseryvéMinh Son and
Minh Ngoc communes, Bac Me District, Ha GigPigvince.

- Trip 5 from 23 to 30 Juy 2020 in Phia OaePhiaDen Natioral Park, Nguyen Binh
District, Cao BangProvince.

- Trip 6 from 23to 30 Juy 2020 in NamXuan LacHabitat and Species Consetioa
Area Cho Don DistrictBac KanProvince.

- Trip 7 from 5 to 12 May 2021 in PhiaOacPhia Den Ntional Park, NguyerBinh
District.

- Trip 8 from5to 12 November2021 in Nam Xuan LaaCho Don District.
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Figure5. Sampling sitedor ichthyofauna studyn Nam Xuan LadHSCA (Bac Kan
Province)in 2@0and 202. Sampling site®NXL2-6 are intheLo river basin, and the rest rhai
Binh river basin.

18



Tablel. Sampling sites ahe fou study sitesn 2018to 202L.

Site

N

E

Elev.

(m)

Habitats

Field trip

1 from 24 to 37 October2018in

Tuyen Quandprovince

P1

22°123T1"

105°03'28"

198

Narrow streaninsidethe forest; mdium
speeccurrent; gravehndsandy bottom;
both the side&inged by plat

P2

22°1239"

105°0332"

175

Upper reactof Kieng stream insidthe
forest; largestrong speedurrent; gavel,
sand, ad aquatic plat such asnosss in
bottom; bah the si@s fringed by pant

P3

22°1238"

105°0335"

176

Upper reach of Kieg streamnsidethe
forest; large; strongpeeccurrent; gravel,
sand and aquatic plant sughnaosses in
bottom; boththe sids fringed by plant

P4

22°1238"

105°0339"

180

Upper reach of Keng streaninsidethe
forest;large; strongspeedcurrent; ston,
sand ancquatic plant suchsamossesi
bottom; bah the si@s fringed by plant;
near a dam

P5

22°1312

105°0244"

145

Narrow banch of Kiengstream floving
into Stn. P2, 34; medium spedcurrent;
small pits on théottom

P6

22°1338"

105°0256"

314

Large and inflow cave

P7

22°1324"

105°0256"

197

Narrow, turbid and medium speedrrent
stream flows through oramgfarm into tle
Kieng stream

P8

22°1321"

105°0259"

189

Narrow, turbidand medium speedurrent
stream flows throudp orange farm intthe
Kieng stream

P9

22°1236"

105°0352"

239

Narrow stream near the orange farm in t
forest

P10

22°1238"

105°0403"

341

Waterfallin the foreststrong current.
Water baly was green tea d¢or and
composed by some layer

P11

22°1239"

105°0258"

106

Kieng stream; near the ¢enof commune;
large stream flows through the orange
farm, gravel, sandyquatic plant such as
mosses in sittom, both theite fringed by
plant

P12

22°1001"

105°0051"

64

Local marlet near the €ple's Commiee
of Phu Luu Commne
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P13

22°1016"

105°0045"

17

Medium steam flows through the orange
farm; muddy and sandy lotn; slow
current

P14

22°1026"

105°0026"

22

Medium streamsandy bottom; slow
current; 1520 km from the camp

P15

22°1205"

1045929

36

Medium stream rer the residenal
compound; sandy bottonomposed some
depth (61 m) pits; slow cuent

P16

22°10'52"

1050127

42

Namrow stream be&ings to theKieng
stream system; near the do@drom
Peoples Commitee to the camp); blothe
sidesfringed by plant; sloveurrent; sandy
and muddy bottom; followig a dam

P17

22°1238"

105°0310"

165

Kieng stream ree the camp; large; grel
and sandyottom

P18

22°1302"

105°0239"

140

Large steam near theave flows into the
Kieng stream; medium spech current;
bottomwith some depth pits

Field trip

2 from " to 26" April 2019in Tu

yen Quang Prgnce

P1

22°17'44"

1045932

610

Small stream, lav water curert, sandy
bottom, shallow wateEringed by
semndary forest, shrubs

22°1541"

104°5916"

662

Xuan Nhay stream

Small stream, slow water currentpdg-
muddy bottom with larger stones.
Secondary foresgquatic plants. Small
ponds

22°17'29"

104°5929,2"

648

Water cave

P4

22°1722,3'

104°56104"

61,2

Yen Thuan market

22°1912.4

104°58'29"

672

Nam Huc stream

Small stream, slow water curreagndy
muddy bottom, with large stones. The si
fringed by shrubs, bamboortst

22°189,6'

104°5914,6"

725

A reservoir, with 1 kmength and 100
widths.

P7

22°1332,2

104°5759,2'

84

Mi nh rig maeket

22°1738,2

104°5626,3'

54

Yén Thudh stream
Large stream, medium water current gra
bottom,water grass

22°1613"

104°5934"

678

Xuan NHYy stream, another branch. Many
aquatic plants, large stone andter cavity.
Above withwater fal, clear wagr
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Field trip 3 from %'to 12" July 2019 in Ha Giang Province

BMO

22°46'241"

105°10'209"

133

Minh Ngoc market (affish collecte from
Na Hangreservoir)

BM1

22°51'551"

105°52'774"

92

Na Hang reservoir in Ha Giang province
stillness watr, fish cag farming

BM2

22°41'001"

105°15'444"

161

Water fall, sandy and rocky bottom,
secondary forestslear water

BM3

22°40'599"

105°15272"

156

Quite large stream, lower part withiater
fall, rocky bottom and the higher part wit
paddyfield, quite clear weer, near
residential

BM4

22°41'470"

105°14'401"

133

Large stream, medium speed water currg
and sharp rocky at tHsttom, cleawater

BM5S

22°43'3%"

105°11'536"

223

Quitelarge stream, slow water current,
muddy and sandy bottowjth padly rice
field, quite clear water.

BM6

22°45'120"

105°11'197"

149

Small stream, slow water current, sandy
and muddy bottom, withesidential
howses, shallow ater

BM7

22°42'®5"

105°11'0%"

243

Quite large stream, water fall, medium
water currat, rockybottom, boh the sides
fringed by plants, clear wate

BM8

22°43'201"

105°11'441"

207

Small stream, mediumwater current, sand
and gravel botbm, fringed byplants, clear
water

BM9

22°43121"

105°11'419"

232

Small stream, slow water currenbcky
bottom, fringedby shrubs, clear water

BM10

22°43'044"

105°11'308"

238

Small stream, water fall, rocky and ddy
bottom, inside forg, clear wate

BM11

22°45355"

105°14'744"

208

Small steam, medium water current,
gravel bottom, quite high tuidity, one
side withpaddy field and the other one
with shrubs

Field trip

4from 24" July to 3 December

2019 ihla Giang Province

BM5

22 A4 306 3

1056 A116

223

Quite large stream, slow wateurrent,
muddy and sandy bottom, with paddy ric
field, quite clea water.

BM7

22A4206

105A11

243

Quitelargestream, water fall, medium
water current, rocky bottonoth the sides
fringed by plants, tear water

BM11

22A456

105A14

208

Small stream, medium water current,
gravel bottom, quitdigh turkidity, one
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side with paddy field and the othen®
with shrubs

BM12

22A46506

105A10

121

Large strem, medium water current
gravel and andy bottom, @ame ponds next
to the main cowge, with rice field.

BM13

22A4556

105A14

325

Narrow stream, medium peed current,
gravel and stone botig vay clean water,
both the sides fringed by plants

Field trip

5fromfrom 20" to 27" May 2020 i

n Cao

Bag Province

DO.01

22A4456

105A130

1062

Narrow stream, medium speed current,
store and sagly bottom. Paces where
fishes collected werdawv water current in
the rice field, next to aquaculture pond

DO.02

22A356

1055 1 6 9 (

1005

Narrow streamnside the forest; medium
speeccurrent with sandy kitom,andsome
parts withhigh sped currentin stone ad
gravel bottomboth the sites friged ly
plants

DO.03

22A366

105A52

1603

Narrow steam inside the forestnedium
speed arrent; gravebnd sandy bottom;
both the siés fringed by plants, next the
Tungsten minelNo fish

DO.04

2237630

105 A52 0 ¢

1202

Narrow stream insidthe forest; high
speed current; stone and sandy bottom;
boththe sites fringed bylpnts.No fish

DO.05

22ABID

105A55

503

Wide stram near the local village;
medium speed current; graveiuddy and
sandy bottm, next to the aquaculture por

DO.06

22320670

105A51

686

Narrow stream next to locadsidents;
medium speedurrent; grave muddy and
sandy bottom.

DO.07

20A346

105A55

762

Wide stream inside the forest; medium
speed currat; gravel aad sandy bottom.

DO.08

22A326

105°%06 0 3

741

Narrow stream inside the forest; medium
speeccurrent; gravel bottom

DO.09

22°38% 3 7 8

105A859Dd

1008

Narrow stream next tace field; mealium
speed current; gravel, sandy bottdyo.
fish

DO.10

22AB9DD

105A52

726

Wide stream ext tomain road; slow spee
current; gravel sandy bottom,xte¢o the
Cao Bang Tungien mineNo fish

DO.11

223906509

105A52

1281

Narrow stream inside the foresiow
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speed current; gravedtone babm. No
fish

Field trip

6from 239 to 30

" July 2020 in Bac KanProvince

NXL.01

22°17'35.292"

105°312.17"

760

Ponds in a vaéby, swamp, co field

NXL.02

22°14'7.638"

105°30'38.507"

342

Narrow stream, slow speed current, grav
muddy bdtom.

NXL.03

22°16'46.210"

105°28'49.884"

531

Narrowstreaminside forest, medium
speed current, gravel, sandy toot.

NXL.04

22°16'13.99"

105°29'3690"

514

Narrow stream next to the corn fel
medium speed ctent, gravel, sandy
bottom.

NXL.05

22°15'24"

105°29'13"

Narrow stream next to agriculalrard,
high speed current, gravel, stone bottom

NXL.06

22°12'58.271"

105°2926.429"

277

Wide stream nd to local resident, falls,
stone bottom, some stillness water with
muddy bottom.

NXL.07

22°20'37.115"

105°33'0.972"

307

Narrow stream ext tothe local residents
and agricultural land, medium spee
current,

NXL.08

22°18'23.1839"

105°29'31818"

Narrow stream in the core ze of the
protected area, stillness water, muddy
sandy babm

NXL.09

22°19'2.623"

105°31'29.957"

Wide steam irside the forest, medium
speed current, gravel and stdratom.

NXL.10

22°1736.720"

105°3'26.244"

Narrow strean, medium speed water
gravel and sandy bottom.

NXL.11

22A17606

105A33

Wide gream, rainhigh speed current,
gravel bottom.

Field trip

7 fromfrom 5™ to 12" May 202 in

Cao BangProvince

DO-01

22.5929%

105.85363

1062

Narrow ¢gream, medium speed current,
stoneand sandy bottom. Placeshsre
fishes colectedwere $ow water current in
therice field, next to aquaculture pond

DO-02

22.586®"

105.86500

1005

Narrow stream inside tHerest; medium
speed arrent with sady bottom and some
parts withhigh-speed crrentin stone and
gravelbotton both thesitesfringed ly
plants

DO-
02A

2258247

105.8557

967

Narrow streammextto the ricefield and
ponds slow speed current with say
bottom

23



DO-06 | 22.54610° 105.8%58 686 | Narrow sream next to local residents;
medium speed current; gral; muddy and
sandy bottom.

DO-07 | 22.5833 105.921%° 762 | Wide stream inside the forest; diiem
speed current; gravel and sandy bottom.

Field trip 8 from 5™ to 12" November2021 in Bac KanProvince

NXL.03 | 22°16a140 105298020 531 | Wide stream, rairhigh speed currg,
gravel bottam.

NXL.05 | 22°15820 1053298200 466 | Narrowstream, medium spd water,
gravel and sandy bottom.

NXL.06 | 22°12630 105°298250 277 | Wide strean inside the érest, medium
speed current, gravel and stolbattom.

NXL.07 | 22°208040 10534840 307 | Narrow stream ngt to the local resiénts
and agricultural land, medium speed
current

NXL.09 | 220193150 105331870 281 | Wide stram inside the forest, méamn
speed cuent, gravel ad stone bottom.

NXL.10 | 22°21670 105332180 181 | Narrow $ream, medium sgedwater,
grave and sady bottom.

NXL.11 | 22°178370 1053338260 306 | Wide steam, rain, high speed current,

gravel bottom.

Fish collection and fixation

Fish were cdeded by handnets casting net and gill nes during day time. Specimes
caughtby locd people or colleted from locd markds were also sed for the study.
Specinens wereinitially fixed in 10% fomdin solution in the field, andsubsequefy
preseved n 5% formalinin the laboratoryAbout threedays later, they were traferredin
to 70-80% ethanol solubn ard storal in the lab. For moécular study, muscle anpctoral
or pelvic fins were cut henfish were still dive and preserved in9% etharol, ard stored
in sutable conditions

Specimen photography

We conducted underwater observatido observe thir naural life andtake photographs.
After collection, somefish were taken photos thugh a smalltransparet aquarium.
Preserved sp@uoens were ptiin a tray andphaographed in daylight. We additionally
prepared a light system at the nigtiine or ina darkplace.Photosof some fishin four
protectedareasarepresentin appendiced and?2.

Interviews

Interviews with questionnaires fra local peopleand fishers were carried out from 18
interviewees folCham Chu NR18 for Bac MeNR, 02 for Phia OaePhia DenNP and 6
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for Nam Xuan LacHSCA. Interviews withquestionnaires about role, stategploitation
and proection of fishery resoures in thearea were madeith local people andishers
who havehadgood expaences in fishingt the site. Thejuestonnaire Appendix ) was
designed artly accordingto previous literatures (e.g. Tet al.1996,Hori et al.2006, Tran
and Ta, 2014

We caried out the followiig adivities for the dovesuveys: issuing questionnaires in
combination vith interviews wth fishers or locakesidents inthe research; organizing

some gatherings of interviewees adiring thediscus#on in each area.
2.5.2Methods used in the lab

Observation, Measurement and Counting. Measurements flowed main documentsfo
ichthyology and using a binocular mroscope forsmall fish and a caliper for large

specimensMeasurementand cainting are dferent from fish group$Figs. 68).

//////"7
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Figure6. Measirement ad courting of agoby Modification from Nakabo, 2002)
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Figure7. Measuremert andcountingof a catfish (Modification fronKang et al. 2016)
SL

PoDL

Figure8. Measurement and counting miahseefModification fromRainboth, 196)
HL: head legth; PDL: predorsalengthh BDA: Body deph at anus PAL: Preanal lengthPPL: Prepelviclength

LPP: Prepectorallengthh LDB: Length of dorsafin base LAB: Length of adiposdin base DAD: Dorsal b

adipose distan¢ePAD: Postadipose distangeABL: anal base éngth; LP2 Pelvicfin length LP1: Pectoralfin

lengthh CPL: caudd peduncle lergth; CPD: caudil peduncd depth LC: Caudaifin length SnL: Snout length
Other measurement&D: Eye diameterlOW: Interorbital distanceHW: headwidth at peabral-fin bas; HH:

heal height at pectratfin base NBL: Nasal barbel lengthMBL: Maxillary barbé length OMBL: Outer
mandibular barbel lengthMBL: Inner mandibular barbel lengtMHW, maximal head wdth; AO, anal fn origin;
DO, dorsal fin origin; TR, transverseale sdes; LR, longitudinal ede rows;PreD, predosal scalerows; SD1P,
scde seres fromorigin of first dorsal fin to upper peatal origin.

Identification. Identification was done @sed on morphology andmain documents of
ichthyology in Vietnam and neaby areas includingMai (1978), Chen €al. (1999, Yue
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al. (2000),Nguyen & Ngo (2001), Nguyen(2005), Kottelat (2001a, bandseveral recent
publicatons All specimens were depibed in the Departmentof Zoology, Faculty of
Biology, HanoiNational University of Education, Vieham.

Classfication. The arragenment of orcers and famlies followed Estmeyer (online

versionNovember2021), genus and speciegere ordered alphabetically

Conservation statusof threatened species was referred to thetndm Red [@Ata Book
(2007); IUCN Red List (2021); CITES appendice019; the Goernmemal Decee No.
06/2019ND-CP; aml the Governmentdecree No. 64/201BID-CP. The endemic species

of Vietham are species that curtigrknown only from Vietham.

Length weght relationship and condition factor. Four species Sinileotris namxamensis
Gambusia affinis, Rhinogobiussp. and Rhinogobiis similis collected flom the study site
were usedd examine lendt-weight relationshi@nd condition factor

Data analysis

DNA
DNA sequerting of 18 individualsof Rhinogolus spp. colleded from Bac Me,PhiaOac

Phia Den and Nam XuanLac and four specimensf Neoissoclius collected fom BacMe
andNam Xuan Laowvere conducted and comped with available data from gen banks
order to detemine speas level

BLAST: UsingGe o s pi z a 06 oftware, thec DNA Sequecing chromatograms are
interpreed to eliminate the baseline noise and obtain more reliatdailts. The chosen
seqiences g exported in FASTA formatObtained equenes are indvidually analyzed
with Nucleotide BLAST using the welplatform of National Center fo Biotechnology
Information (NCBI) to fnd regions of similarity between sample segoes and theother
seqences phlis hed on GenBank datlbaa $ eachosasfor fheSteaaoh d ar d
set with Megalbast in the Program $ton. Three ou of among reeived results, wich
havethe highest scoravith 100% query cover and highest identityqeet, will be chosa
to be repoted

Phylogenetic trees constructionBased on DNA seqiencing and BLAST esults,
phylogenetic trees are constited wsing MEGA X Sdtware (Molecular Evolutionary
Genetics Analysis First, all obtained sequences from DNA sendng arealigned, using
Align DNA function. ClustalW algorithm withdefadt settingg is used in creaty
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alignments. Then, aNeighbori Joining phylogeneic tree is comtructed (the applied
settings are dested on theFig. 9). Finally, based on obta¢d BLAST resilts and
constructd phylogenetic tree, 1 to 2 sequencesti e@h groupof samples, whicheem D
be most eliable, are choseto constuct a gemral phylogendic tree with other5 most

similar species inRhinogobiugenus.

Phylogeny Reconstruction

Option Setting
AMNALYSIS
Scope > All Selected Taxa
Statistical Method > MNeighbor-joining
PHYLOGENY TEST
Test of Phylogeny » | Bootstrap method
MNo. of Bootstrap Replications > 1000
SUBSTITUTION MODEL
Substitutions Type » | Nucleotide
Model/Method » | Kimura 2-parameter model
Substitutions to Include > | d: Transitions + Transversions
RATES AND PATTERNS
Rates among Sites » | Uniform Rates
Pattern among Lineages > Same (Homogeneous)
DATA SUBSET TO USE
Gaps/Missing Data Treatment » | Pairwise deletion
Select Codon Positions » 1st 2nd 3rd Moncoding Sites
SYSTEM RESOURCE USAGE
Number of Threads > | 7

Figure9. The séting for phylogenetic trees caitruction using MEGA X Software
LWRand K

The LWR for each species was estimated by tbgression equatio = aL® wherea and
b are paanmeters d the equation (kB Cren, 1951; Ricker, 1973 Froese 2006). Befe
regression angsis, obvious outliers were remed by linear regression of the log
transfamed equation (Froese, 2008h additin, the 95% confidencmterval Cl) of the
parametes and tle statistical sigificance of the regressia relationships R?) were
calculatedand satistically. Fish were diviledinto isometric(l) growth types ifthe slope
value was equal to thregositive allometric growti{+A) type if theslope was higrer than
three, and negate allometic growth (-A) if the slope wa lowerthan thregFroese, 2006)
The K of the fish was estmateal following Le Cren (193) using the equatioiK =

QZVT’ wher W is the fish weight (g) SL is thestandardength (cm) anda andb are the

regression coefficients. Th& value of each fish group (slided by location, sex,
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devebpmental stageand seaso) was corpared vith the ideal value of on&(= 1) using a
onesampet-test andvalues wereompared among fish groups biest, Wil coxan test, or
KruskalWallis testdepenthg on the distribution d data andequaity of samplesizes
among groupsR software versiod.0.5 was used for statistical analys@®s Core TEAM
2021) the FSA packag&as usedo pefform regression analys€©cLE et al. 2020)and
the ggpbt2 package to produce the figur€8VicHkHAm 2016) The levé of significant

difference for all &tisical teds was set gt < 0.05.

Similarity index Using of Primer6 to understand the similaritgf ichthyofaunabetween

areas and riverdsins.

2.6 Results

2.6.1Fish diversity and distribution in 4 protectedareas

DNA analysis of Rhinogobiusspp. @llected from northern Viet Nam

Initially, DNA data $ow thatRhinogobiuscollected fromNam Xuan Lac HSCA seened
close toR. virgigena those from Phia Oaehia DenNP asR. duospilus andfrom Bac Me
as eitherR. virgigenaor R. duospilus (Table 2). Morphometics reveak different results
when tke populatio from Bac MeNR is R. mekongianusand that fromPhia Oa& i Phia
DenNP asR. duospilus. Sequences of these twpeciesare not available on the gebank.
In addition,Rhinogobiusn Nam Xuan LadHSCA could ke identfied asR. Lineatusand
one unknown speciesdence, ve will compare our daaset with those fromJapanese
ichthyologiststo provide exactaxonomic paition of thesecollections. These dataare

under preparation fgyublication.

Table?2. Detais of DNA analysis ofRhinogobiugrom northern Vietnam

BLAST
CytB R-RAG2
Sample —
o Scientific E Per.
Scientific Name | E value | Per. Ident
Name value Ident
R. virgigena 2.E111 91.44%
NXL 27 R. duspilus 4.E-108 90.03%
R. diffordpopei 2.E-70 82.99%
NXL 28 R. virgigena 1.E117 95.57%
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R. duospilus 1E-112 94.46%
R. ogasawaraersis 2.E-74 85.98%
R. virgigena 2.E-140 95.33%
NXL 29 R. duospilus 4.E-137 94.70%
R. rubromaclatus 7.E-100 87.81%
R. virgigena 4.E-86 91.19%
NXL 30 :
R. duspilus 1.E76 88.65%
R. duospilus 0.E+00 96.7%%6
DO 35 R. virgigena 0.E+00 95.01%
R.chandinensis 0.E+00 89.62%
R. duospils 2.E-15%6 96.48%
DO 36 R.virgigena 1.E152 95.8%%
R.changtinensis 1.E118 89.97
R. duospilus 3.E71 98.12%
DO 39 R.virgigena 4.E-64 95.60%
R. rubromaculatus | 2.E-52 91.67%
R. duospilus 1.E-100 97.2%
DO 39[2] R. vrgigena 7.E-99 96.83%
R. clangtinersis 3.E-82 92.31%
R. duospilus 2.E-114 95.79%
BM 54 R. virgigena 4.E111 95.2%
R. changtinesis 3.E-93 91.12%
R. duosplus 2.E52 9556%
BM 54[2] R. virgigena 2.E-52 95.56%
R. changtinensis 4.E-44 91.8%%
R. virgigena 3.E-103 94.35%
BM 55 R. duosilus 3.E-103 93.38%
R. dhangtinaasis 6.E-80 88.71%
R. virgigena 5.E-157 95.73% R. similis 5.E-100 | 97.29%
BM 55[2] R.duospilus 2.E-150 94.59% R.brunnues | 2.E94 | 95.48%
R. changnensis 2.E-121 89.71% R. kuodai 2.E93 | 95.48%
R. duospilus 8.E-56 95.74%
BM 56 R. virgigena 8.E-56 95.74%
R.changtinensis 2.E-47 9220%
R. duospilus 2.E-140 95.33%
BM 59 R. virgigena 2.E-140 95.33%
R. changtinensi 3.E109 89.66%
R. virgigena 2.E-68 95.32%
BM 60 R.duospilus 8.E-67 94.74%
R. changtinensis 4.E-60 92.40%
R. virgigena 4.E-96 95.58%
BM 61 R. duosilus 2.E-94 95.13%
Fusigobus melacron| 8.E-73 89.38%

30




Blast reaults

Obtainel BLAST results with name of theciertific name ofspecies, E value andentity

percentage are repodté table 3 andrig. 10
Table3. BLAST results.

Sample BLAST Results
Scientific Name E value Per. Ident
NXL 27 R. virgigena 2.E111 91.44%
R. duospilis 4.E-108 90.03%
R. cliffordpopei 2.E-70 82.99%
NXL 28 R. virgigena 1.E117 95.57%
R. duospilus 1.E-112 94.46%
R.ogasawaaensis 2.E-74 8598%
NXL 29 R.virgigena 2.E140 95.33%
R. duospilus 4.E137 94.70%
R. rubromaculatus 7.E-100 87.81%
NXL 30 R.virgigena 4.E-86 91.19%
R. duospilus 1.E76 88.65%
DO 35 R. dwspilus 0.E+00 96.74%
R. virgigera 0.E+00 95.01%
R. clangtinersis 0.E+@ 89.62%
DO 36 R.duospius 2.E-156 96.48%
R. virgigena 1.E152 95.88%
R. changtinensis 1.E118 89.97
DO 39 R.duospilus 1.E-100 97.29%
R. virgigera 7.E-99 96.83%
R. changinenss 3.E82 92.31%
BM 54 R.duospilus 2.E-114 95.79%
R. vigigena 4E-111 95.@2%
R.changthensis 3.E93 91.12%
BM 55 R. virgigena 5.E157 95.73%
R. duospilus 2.E-150 94.5%
R.changtinensis 2.E121 89.71%
BM 56 R. duospilus 8.E-56 95.74%
R. virggena 8.E-56 95.74%
R.changtinensis 2.E47 92.206
BM 59 R. duospus 2.E-140 95.3M
R.virgigena 2.E-140 95.33%
R.changtinensis 3.E-109 89.66%

31



BM 60 R. vigigena 2.E-68 95.3206

R. duospilus 8.E-67 94.7%%6
R.changtinensis 4.E-60 92.40%
BM 61 R. virgigena 4.E-96 95.58%
R. duospilus 2.E94 9513%
Fusigobiusmelacron 8.E-73 89.38%

Phylogenetic treesconstruction

Overall, te phylogendic tree (Fig. 11) showed hat thee are nticeable differences
betwea three groups of specimerasgenerally each group belong tcseparatérarch.

The brach with BM61 and NXL30 canéconsidered asarror due to théaseline noise
in thar sequercing results, which affectsrgatly to the tee castructon. Besides, lte NXL

specimens and DO spewrs likely to share more common icompari®n to the

specimas of BM groupHowever, thee are inconsistences in the speasxef BM group

position in the tree, hence further analyzghould be conduted Five different alignmets

were built to construghylogenetic trees.

= z 5 ¢
Data Edit Search Alignment Web ‘Sequencer Display Help

OB EBwEwvelri «O0Dxbhxal+&ar @332
DNA Sequences Tr;

ted Protein Sequences.

Data Edit Search Alignment Web Sequencer Display Help
OB EmEroelri «0xXxBxa+s/ar @ g8

DNA Sequences Translated Protein Sequences.
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D036

D039

NXL30

NXL27

NXL28

BM56

Figurell Phylogenetic &e d the collected spgmensbasedon partial cytB sguence
dat.

Finally, basedon ddtained BLAST results and condructed phylogenetic trege five
specimens, which sam to hae the most reliableseqencing dta, were seécted tobuild a
phylogenetic tree in relate others5 identified specief Rhinogobus (Fig. 12). The tree
showal thatthe gpecimen capturedfrom PhiaOac - Phia DenNP (DO35) ha the nearest
relationship withR. ducspilus. Otherwi®, speaners collectedfrom Bac Me NR (BM 54,
BM 55) and Nam Xuan LaelSCA(NXL 28, NXL 29) have a high similarity buhey still
belong to anotherbranch which is closely related toR. virgigena Four specimen®f
Neolissochilg collected from BaMe NR and Nam Xua Lac HSCA were idenified as

Neolssahilus benas(Table 4. All these data will be puldhedin the neafuture.
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Figurel2 Phylogenédic tree of selected samples @rlinogobiuspecis based on partial
cytB fquencingdata
Table4. Sequenced resslbfNedissochilussp.collected fromBacMe NR and Nam
XuanLac HSCA, notthern Vietnam

No Site Species Gen| Base(bp) |Compared ssuene in Gengank
1 |Nam Xuan Lac|Neolissociius benas| COI 628 99,68%
2 |Nam Xuan Lac|Neolissochilusbenas| COI 628 99,68%
3 Bac Me |Neolissochilusbenas| COI 630 99,68%
4 Bac Me |NeolissocHusbenas| COI 629 99,68%

Ichthyofauna characteristics

Based on the analysis results2819 speémens collected in thewdy areaduring the

period fom 2018 to 2021, we have builtliat of fish in 4 nature conservation areas in

northernVietnam,with 75 species belonging t85 families and8 orders(Table5). As can

be observedrom table 5 thae are numerous unknowpeses which will require more

investigatios based ormorphometrics and wleaular to identifythem

34



Table5. A list of fish collected in the foyprotected areas, northern Viain

Study areas IUCN | Nn
Scientificname Vietnamese name 2 3 4 26
I. Cyprinif ormes B, C8 Ch®p
1. Botiidae
Leptobotia elongatéBleeker, VU
1 | 1870) C8 ChUlch ¢ +
2. Cobitidae H c¢c8 Chu4c
Misgurnus anguillicaudatus
2 | (Cantor, 1842) C8 Clbthc h + |+
3. Gastromyzontdae H" C8 chduc
Liniparhomalopterecf.
3 | giongzhongensis +
4 | Vanmaneniaf. caldwelli +
H c¢c8 Chu4c
4. Balitoridae b Jng
5 | Beaufortia pingi(Fang, 1930) | CaBamk huy J]t +
5. Nemacheilidae H  C8& ChyUc
6 | Schisturaspp. C8 ChYch s + |+ |+
Traccatichthys taeniatus
7 | (Pellegrin &Chevey 193p C8 Chich ¢ +
6. Cyprinidae H C8 Ch®p
Barbodes semifxiolatis
8 | (Glinther1868) C8 n,mg Lo + +
Carassius auratu@_innaeus,
9 | 1758) C8 DiJJlc md
10 | Cyprinus carpid.innaeus, 1758 Ca Chép + VU
11 | Garra orientalisNichols, 1925 |C§& S t ml i
Neolissochilus benag¢Pelegrin |
12 | & Chevey, 1936) CaRai + +
13 | Neolissochilusp. Ca Mi
Onychostoma gerlaciiPeters, NT Il
14| 1881) C8 S' ' nh ga + +
Onychosoma lepturugGunther,
15| 1896) Ca Phao +
Osteochius salsburiyNichols &
16 | Popel927 CaDF m L blt + +
Spinibarbus hollandDOshima, Il
17| 1919 C8 Ch~"y Lbl +
7. Danionidae
18 | Rasbora steinemichols & cg MUi s ¢ +
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Pope, 1927

8. Xenocyprididae

19

AphyocyprisnormalisNichols
& Pope, B27

C8 Dfm su’

Chanodichthys erythropterus

20 | (Basilewsky, 1855) C8 Thi Wu

21 | Culter flavipinnisTirant, 1883 | C4 Ngéo gu
Hemiculter elongatudlguyen &

22 | Ngo, 2001 cavQni?d”

23

Hemiculter leucisalus
(Basilewsky, 1855)

Cg&8 Me€ehng x

Megalobramaerminais

24 | (Richardson, 1846) Cg& VQn
Megalobrama skolkovii
25 | Dybowski, 1872 C&8 VOQOn

26

Metzia formosagOshima,
1920)

csg MUYi bUYc

27

Opsariichthys minutusNichols,
1926

Ca Chaoh € n g

28

Parazaccasp.

Ca Chubn

29

Pseudohemiculter dispar
(Peters, 1881)

C8 Dfu stn

VU

30

Sinibrama affinigVaillant,
1892)

Ca Nhac

31

Toxabramishoudemsa
Pellegrin, 1932

C§ DTFc h

Toxabramis swinhoni&tnther,

3211873 C§8 Dfu h”
33| Xenocypris davidBleeker, 1871 C& Mf n

9. Acheilognathidae
34 | Acheilognathusp. Ca Theé be

35

Achelognathustonkinensis
(Vaillant, 1892)

CATh be th

36

Rhodeu<f. albomarginatus

Cg8 B€ m

37

Rhodeus ocellatuner, 1866)

Cg8 B€, m ch

10. Gobionidae

38

Discogobio microstoméMai,
1978

CaBams . ng

39

Discagabio spp.

40

Gobiobotia meridionalihen

& Cao, 1977

C8 n_,c rOu
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41

Hemibarbuscf. umbrifer

cCg8 n_,c - |

42

Hemibarbus mediugue, 1995

C§ n.c ng,

43

Microphyso@bio elagatus
(Yao& Yang, 1977)

Can_. ¢ Lanh

44

Placogobio bacmeensiéguyen
& Vo, 2001

Ca Thui

45

Saurogobio dabryBleeker,
1871

C8 n_,c Lan

46

Squalidus argntatus(Sauvage
& Dabry de Thiersat, 1874)

Can_, c¢ gt rndnn

I1.Siluriformes

B, B& nrh

1. Bagridae

H C8 Ltng

47

Hemibagrus centraluMai,
1978

C8 Ltng qu

Hemibagrus pluriradiatus

48 | (Vaillant, 1892) CaLt nlge n
Pseudobagrus vachie
49 | (Richardson, 1846 Cg8 Mfm

50

Tactysurus @ilvidraco
(Richardson, 1846

Cs8 B Len

5

51

Tachysurus kyphudai, 1978

cg Mt tr

5

Tachysurus virgatu@Oshima,

52| 1926) Cg8§ M t
2. 9soridae H' acChién
53 | Euchiloglanis sp. CaChiém p. m

54

Glyptothorax honghensils,
1984

C8 Chi °n s

H ng

3. Siluridae

H C8 Nheo

Pterocryptis cochinclmensis

55 | (Valenciennes, 1840) Ca Theo
56 | Pterociyptis sp. Cg&8 Ni JJt
57 | Silurus asotud.innaeus, 1758 | Ca Nheo

4. Clariidae

58

Clarias fuscugLacepéde, 1803]

C8 Tr° Len

5. Cranoglanididae

H ¢ NgUnh

59

Cranoglans henrici(Vaillant,
1893

CaNgrih ° tnhge

I1l. Gobiiformes

B, C8 b’  ng

1. Odontobutidae

60

Sineleotris namxamengthen

& Kottelat, 2004
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3. Gobiidae H C8 b ng
Rhinogobius dugslus (Herre,

62 | 1935) Cg8 B ' ng su
Rhinogobius honghensihen,

63 | Yang & Chen, 1999 C8 B  ng kh
Rhinogobius lineatu€hen, EN

64 | Kottelat & Miller, 1999
Rhinogobis mekongianus

65 | (Pellegrin & Fang1940) C8& B’ napg m°

61 | Rhinogobius siilis Gill, 1859 |C§ B  ng L §

66 | Rhinogobiusp.

IV. Synbranchiformes B, C8 Mang
1. Mastacembeliche H  C8&8 ChyUc
Mastacembelusrenatus

67 | (Lacepéde, 1800) CaCh Yéndg s
2. Synkranchidae H  he

68 | Monopterus albuguiew, 1793 [L - €hn t h€ n
V. Anabantiformes B cg rt L
1. Anabantidae
Anabas testudineudloch,

69 | 1792) Cg8 R* L ng
2. Osphronemidae H ¢ 8 Trag
Macropodusopercularis

70 | (Linnaeus, 1758) C§8 nuti ¢
3. Channidae
Channa gachugHamilton,

71| 1822) C8 Ch”"nh d
VI. Cichliformes B, C&8 rt®* p
1. Cichlidae H Cg§ rt p
Oreochromignossambicus VU

72| (Peters, 1852) C8 R! phi
Oreochromis niloticus

73 | (Linnaeus, 1758) C8 R! phi
VII.Cyprinodonti formes B, C8 bUYc
1. Poeciliidae H C8nutin
Gamlusia affinis(Baird &

74 | Girard, 1853) C8 |n mu, i
VIII.BELONIFORMES B, C8 Nh§i
1. Adrianichthyidae H C§8 S-c
Oryzias pectoralifkoberts,

75| 1998 cas c vOy n
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Total ‘20‘44‘39‘19‘24‘ ‘

Sudy site 1: PhuLuu, 2: Cao Dwng 3: Bac MeNP, 4:Phia OacPhiaDen NR, 5Nam
Xuan LacHSCA

In Phu Luuof Cham Chu NRa total of20 speciesor morein 17 genera of15
families wererecorded(Table §. Cypriniformeswas tie mos diverse in the present study
(6 families, accanting for 40%) with Siluriformes placed in thesecond 8 families,
accounting for 20%) and Gobiiformes with 2 families (accounting dr 13%),
Synbranchiformes Cichliformes Cyprinodontiformes and Beloniformes (1 family,
aacounting for7%). Cypriniformeswere alo the mo$ common order in terms @fumber
of species(8 species, accounting fod0%), followed by Gobiiformes (5 species,
accouning for 25%) (Table6). In Cao Duongof Cham Chu NRa totalof 44 spetesor
more in 36 genera of 17 families were reorded Cypriniformes Siluriformes and
Gobiiformeswerethe most common orde(Table §. SynbrancHormes Anabantiformes
Cichliformes CyprinodontiformesBeloniformesrecrded 1 gnusfor each

In Bac Me MR, 39 speies or moreof 35 genera in21 families werecolleded
Cypriniformeswas the mos diverse in the present studg families, accountig for 38%)
with Siluriformes placed in te second 4 families, accanting for 19%) and
Anabantiformes Cichliformesplaced in theHird with 3 families (accounting ér 14%),
Gobiiformes with 2 families (acounting br 10%), Cyprinodontiformeswith 1 family
(accounting for5%) (Table 6). This research dd not reord spetes of Synbranchiformg
andBeloniformesin Bac Me NR.

In the Phia Oa®hia Den NP, ofhe 6 ordes, Cypriniformeswas he mat divese (6
families, acounting for 6%), followed by SiluriformesandAnabantifamesin thesecond
(2 families, acounting for 15%) and Gobiiformes Synbranchiformes and
Cyprinodontiformes(1 family, accounting fo 8%). Cypriniformes were also he most
common order irterms ofnumberof specieq12 species, accounting f@3%), followed
by two orders Siluriformesand Anabantifomes (2 species, aourting for 11%) (Table6).
In Nam Xuan lac HSCA, the species copogtion showedthe same tenden@s the four
other sitessincethe Cypriniformes was themost diverse order in terms of famili@gnera,

and sped@s ({Tableb).
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There wasa total of 8 orders that czurred in four conservation areas. T@gpriniformes

were he most diversavith 8 families (accouting for 38%) in Bac Me NR 7 families

(accountingfor 41%) in Cao Duongg families (accounting ford6% 40% and 38%) in

Phia OacPhia Den NP,and 11 families (accountindgor 61%) in Phu Luu andNam Xuan

Lac HSCA The number of generand species ranked the first and two placas terms

was Cyprinidae and Xenocyprididaeof 25 families found.Table 6 showsthatthe number

of genea obtained inthe Cao Duongarea is36, being higherthan in other aras,andthe

numbe of specieds the nost diversdn this area with 44 specieqTable6). The H Glso

reveals this databeing highest in Cao Duong, followdsyy Phu Luu and Bac Me NR

(Tade 7).
Table6. Number of genera and species isleéamily of fish collected
fromfour protectedareas
# PhuLuu Cao Duong
| Orders
F % G % S % F % G % S %
1 | Cypriniformes 6 40% 8| 47% | 8 | 40% | 7 | 41% | 24| 67% | 27| 61%
2 | Siluriformes 3 20% | 3| 18% | 3 | 15% | 3 | 18% | 5 | 14% | 7 | 16%
3 | Gobiiformes 2 13% | 2 | 12% | 5 | 25% | 2 | 12% | 2 6% 4 9%
4 | Synbranchiformes | 1 7% 1 6% | 1 5% | 1 6% 1 3% 1 2%
5 | Anabantibrmes 0 0% 0| 0% | O 0% | 1 6% 1 3% 1 2%
6 | Cichliformes 1 7% 1 6% 1 5% 1 6% 1 3% 2 5%
7 | Cyprinodontiformes| 1 7% 1 6% | 1 5% | 1 6% 1 3% 1 2%
8 | Beloniformes 1 7% 1 6% | 1 5% | 1 6% 1 3% 1 2%
Total 15| 100% | 17 | 100% | 20 | 100% | 17 | 100% | 36 | 100% | 44 | 100%
Bac Me Phia OacPhia Den
1 Orders
F % G % S % F % G % S %
1 | Cypriniformes 8 | 38% | 22| 63% | 25| 64% | 6 | 46% | 11 | 61% | 12| 63%
2 | Siluriformes 4 19% | 4| 11% | 4 | 10% | 2 | 15% | 2 11% | 2 | 11%
3 | Gobiiformes 2 10% | 2| 6% | 3| 8 | 1| 8% | 1 6% | 1| 5%
4 | Synbranchifames 0 0% 0 0% | O 0% | 1 8% 1 6% 1 5%
5 | Anabaniformes 3 14% | 3 9% 3 8% 2 | 15% | 2 11% | 2 | 11%
6 | Cichliformes 3| 14% | 3| 9% | 3| 8 | 0| 0% | O 0% | 0| 0%
7 | Cyprinodontiformes| 1 5% 1 3% | 1 3% | 1 8% 1 6% 1 5%
8 | Beloniformes 0 0% 0| 0% | O 0% 0| 0% | O 0% | O 0%
Totd 21| 100% | 35| 100% | 39 | 100% | 13 | 100% | 18 | 100% | 19 | 100%
# Orders Nam Xuan La
Fo| % |G| % | s | %




Cypriniformes

38%

52%

13 54%

Siluriformes

19%

14%

13%

Gobiiformes

6%

5%

8%

Synbranchifemes

13%

10%

8%

Anabantifomes

13%

10%

Cichliformes

6%

5%

4%

Cyprinodontiformes

6%

5%

4%

0| N O O | W N

Beloniformes

Ol RPN N Pl WO

0%

0%

3
2
2
2 8%
1
1
0

0%

Total

[N
[ep)

100%

100%

24 100%

Table7. Biodiversity indices of fish spées composition id natue reserve (5 areas)S:

total species, N: totahdividuals, d: Margalef's ireX, J:@ie | ou ' s : $handae X ,
Weiner's index, D:Simpn's ineex.

Area S N d J H'(log) D
Phu Luu 22 314 3.6526 0.65385 2.0211 0.75235
Cao Duong 46 716 6.8455 0.60046 2.299 0.76019
BacMe NR 40 1369 5.4003 0.55713 2.0652 0.72794

PhiaOacPhia Den NP 21

Nam Xuan LadHSCA 26

778

1612 3.3851 0.60792

3.0045 0.53831

1.6389 0.6839

1.9807 0.72907

Table 8 andrig. 13 show the snilarity of species composition within 5 study areas, Phu

Luu is the most different from other8ac MeNR and Nam Xuan Lac HSCG/Aand Ca

Duong and Phia Oaéhia Den NP arsimilar.

Table8. Similarity coefficient of fishspecies comgstion in 5 areas

Cao Bac Me | Phia OaePhia Den| Nam Xuan Lac
Area Phu Luu
Duong NR NP HSCA
PhulLuu
Cao Duong 42524
Bac Me NR 32.204 | 51.738
Phia OaePhia
40.293 | 53.855 | 45.086
Den NP
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Nam Xuan

28.453 | 43.5% 65.884 41.59
Lac HSCA

[Resemblance 517 Bray-Curtis similarity

20+

40-

60

Similarity

80

100-

Phu Luu

Bac Me NR

Nam Xuan Lac NR
Cao Duong

Phia Oac-Phia Den NP

Area

Figurel3. Diagramof similarity in species coposition in 5 study areas

2.6.2 Endangered species and species of conseiga value
+ Species composition:

Among the speies collected in the studyrea, therevereno species recorded according to
Qn -8TD1 of the Ministry ofAgriculture and Rural Development and Vietnam Red Data
Book. According to the IUCN Red List, thewneere 4 speciedistedasVU level occurrng

in the studysites: Cao DuongBac Me NR, Phia Oa®hia Den NP; 1 speciesNT level
occurring at sites: Bac Me NR, Phia GRlgia Den NP, Nam Xuan Lac HSCA, and 1
speciesasEN level occurring at sites of Nam Xuaac HSCA. Acordingto N n 6 af the
governmenithe Bac MeNR and Nam XuaLac HSCA areas likl speciesn group | and

2 speciesn group Il; at Cao Duongherewas1 speciesn group Il and 1 speciaa group

I; and Phu Luuarea hd 1 species in group |, andhia OaePhia Denhad 1 speciesin
groupll (Table 5.
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+ Distribution:

Vulnerable species are distributed mainly in Cao Dweity 3 species, followed by Bac
Me NR, Phia Oadhia Den NP witlonly 1 species. The speci&hinogobius lineatuas
critically endangeredwas distributed only in Nam Xuan Lac HSCA. The specig
Onydostoma gerlachof nearthreatenedvasrecordedn Bac Me NR, Phia OaPhia Den

NP and the speciddseudohemiculter dispavasonly foundin Cao Duong

2.63 Species newlyecoredin the study areas

This is the firstlist of fish in Cham Chy Phia OaePha DenandNam Xuan LacHSCA.

Thirty-four freshwater fish speciesvere found in four river bass in northern Vietnam,
constitutingthe new reords for the icthyofauna(Table9) (Nguyen et al., 2019; ¢liyen

Van Gang 2018. The specific geographical disibutions of Opsariichthys minutys
Neolissochilus benasRhinogobius honghensi®hinogobiusduacspilus and Discogobio
spp. are greatt enlarged ¥ these obsertmns. The records ofGambusia affinis
Liniparhomdoptera cf. giongzhongasis Vanmanenia cf. caldwelli, Placogobio
bacmeensisParazaccosp, Hemibagrus centrals) Gobiobotia meridionalis Carassus

auratus and Aphyocypris normaliconfirm increaed diversity ad wide distributions of
these speciesAmong the Dur river basins new reards for the Lo River were highest,
followed by the Gam Rivelhere were onlgix species as newaerds for heBang Giang

and Thai Bnh river basirs (Table9).

Table9. List of some specenewly recorded ithe sudy sites

River
—— Bang | Thai
No Scientific name Lo Gam ) )
Giang | Binh

River | River ) .
River River

1 Acheilognathusp. +

2 Aphyocypris normalis +

3 Beaufortia pingi +
4 Carassius auratus + +

5 Discogobio microstoma + +

6 Discogobi spp. + +
7 Euchiloganis sp. +
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8 Gambusia affinis + + + +
9 Gobiobotia meridionalis +

10 | Hemibagrus centralus +

11 | Hemibarbuscf. umbrifer + +

12 | Hemiculter elongatus +

13 | Liniparhomalopterecf. giongzhongesis + + + +
14 | Megalobrama terminalis +

15 | Microphysogobio elongatus +

16 | Neolissochilus benasi + +

17 | Opsariichthys minutus + +

18 | Oryzias pectoralis +

19 | Osteochilus salsburyi + +

20 | Parazaccaosp. + + +
21 | Placogolo bacmeensi + + +
22 | Pterocryptissp. +

23 | Rhinogobius duospilus + +

24 | Rhinogobius honghensis

25 Rhinogobius lineatu€hen, +

26 | Rhinogobius mekongianus

27 | Rhinogobius similis +
28 | Rhinogobiussp. +
29 | Rhaleuscf. albomaginatus +
30 | Sineleotris namxamensis + +
31 | Sinibrama affinis +
32 | Tachysurus kyplsu +
33 | Traccatichthys taeniatus +
34 | Vanmaneniaf. caldwelli +
Total 24 20 6 6

2.64 Morphometrics of S. rmamxamensisN. berasiand R. gmilis

+ For Sineleotris namxamensisllectedfrom Cham Chu NR anBac Me NR.A total of
30 individuak were collected with standard lengitenging fom 36.7 mmad 109.0 mm.
The present studyompared with the degiption in Chen andKottelat (2004) andNguyen

Xuan Khoaand Nguyn Huu Duc(2008 (Tables 10, 11).

Tablel10. Measurementsf Sineleotrisnamxameris from northan Viemam

Sex Male Female
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No 13 17
minimum maximum average minimum maximum average

%SL

Hea length 304 34.5 32.1 29.4 33.4 31.1
Pre drsal length 36.1 39.3 37.5 34 39.5 36.5
Snout to 2nd dorsal fiarigin 54.3 57.5 56.0 53.2 56.8 55.2
Snout to ans 52.2 58.8 54.8 52 552 53.4
Snout to anal finorigin 56.7 63.3 60.1 57.5 622 59.2
Snout to lvic fin origin 289 34.2 32.2 30.9 34.7 323
Caudal pedncle depth 8.0 10.9 9.3 7.8 102 8.6
Caudépeduncle length 23.6 28.9 265 25.5 29.6 27.6
1 Stdorsal fin base 10.6 17.7 14.6 132 17.3 14.8
2nd dorséfin base 16.4 211 18.6 15.9 21.0 18.7
Anal fin base 10.6 15.2 13.0 11.0 141 12.6
Pectoral fi length 216 26.4 235 19.9 26.4 23.6
Caudal finlength 20.7 25.8 23.4 211 24.0 223
Pelvic finlength 23.2 254 241 20.8 255 23.5
Body depthin pelic fin origin 16.5 18.2 17.5 16.1 187 17.2
Bodv depth in anal fin origin 14.0 18.3 155 13.9 15.8 15.2
Body width in anal fi origin 8.9 11.9 10.5 9.1 11.7 10.2
Pelvic finorigin to anus 218 29.1 24.6 22.6 26.5 24.6
%HL

Snout lenth 28.2 32.4 30.2 28.0 313 28.9
Eye dameter 19.0 26.2 22.5 20.2 33.9 24.3
Postabital length 45.2 53.1 49.7 48.7 56.6 50.7
Maximd head width 457 59.0 51.4 46.1 531 49.0
Fleshy interorlital width 29.2 343 31.9 30.6 34.9 32.7
Bony interorbital widh 151 16.9 16.3 15.8 16.8 16.3
Lower jaw ergth 32.3 37.9 35.1 32.1 39.7 34.3
Caudil peduncle deph/ caudapeduncle lergth 27.9 42.7 35.1 27.7 368 313
Pelvic finlength/pelvic fin @igin to anus 84.0 111.0 98.8 78.5 109 96.0

Tablell Finrays and sale counts 08. nhamxenenss

Fin raysand sca counts Female Male
n=17 n=13
D1 VI VI
D2 1,11 1,10-11
A 11,7-8 I1,7-8
P1 14-15 14-15
P2 5 5
LR 3843 34-43
TR 1012 1013
PreD 19-26 19-23
SD1P1 8-9 8-9
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The coeffcient values ofthe correlation line betgen eals mophometric masurement
with the total length ofigh in two sexes are shwn in Table12. Mostof the charaaiistics
that were examinedtrongly correléed to the total legth with a high 4square valueR? >
0.9) in bdh sexes, except for 1sbisalfin base, anafin base, and eye diameter in males
(R?< 0.9).

Table 12. Morphometric varigblesvs. total lengti(TL) (dl measurements were
transformed todgarithmic sca bdore computation) oWild femaleand nale S.
nanxamensis), -A and +A indcatingisometric, negate and positive allontec growth
type,respeately.

Male Female
Dimersion a b R? Sk | SE | G a b R? Sk | SE | G i
SL | 0847|0.979] 0.998| 0.014| 0.031| | | 0766/ 1.028] 0.998| 0.013| 0.025| I | 0.030
HL 1 0237| 1.034| 0994 | 0.028| 0.062| I |0.253| 1.003| 0.983| 0.036| 0.070| 1 | 0921
PDL | 9270| 1.08 | 0.992| 0.033| 0.073 | | | 2.753| 1.013| 0.985 | 0.034| 0.0e5 | | | 9689
SD2 |1 0.461| 0.988| 0.997| 0.019| 0.043| -A | 0.396| 1.066| 0.997 | 0.014| 0.028| 1 | 0900
SAN 1 0.394| 1.057 | 0.993| 0.030| 0.08 | I |0.373| 1078/ 0.998| 0.012| 0.024| | |0-000
PAL | 0.468| 1.020| 0.991| 0.034| 0.077| I | 0.4 | 1.061| 0.995| 0.019 | 0.038| 1 |0-013
SP2 1 0201 | 0.948 | 0.962| 0.066| 0.149| -A | 0.256| 1.012 | 0.987| 0.031| 0.060| 1 | O77°
DCP | 0.051| 1.154| 0939 | 0.104| 0.232| +A | 0.071| 0.9% | 0.914| 0.082| 0.160| 1 | 0986
LCP 1 0.258| 0.923| 0.963 | 0.064| 0.18 | -A | 0.248| 0.938| 0.971| 0.043| 0.085| -A | O-193
Db 10103 | 1.059| 0.845| 0.160| 0.358 | 1 | 0.121 | 0.994| 0.903| 0.087| 0171 | 1 | 996
D2b | 5135| 1.08 | 0.968| 0.068| 0.152 | | | 0.147| 1.0 | 0934 | 0.073| 0.142| 1 | 0732
LAB | 01 | 1.003 | 0.868| 0.138 | 0.309| | |0.107| 0.979| 0.931| 0071 | 0.139| -A | 0-8¥
PIL 1 0.231]| 0.904| 0.964 | 0.062| 0.138| -A | 0.177| 1.039| 0.945| 0.067 | 0.131| | | 9%
LC | 0.185| 0.992| 0.970 | 0.061| 0.138| | | 0.186] 0999 | 0.976 | 0.042| 0.082| 1 | ©-°7°
P2L 10178 1.037| 0.991| 0.085 | 0078 | | | 0239 0.890| 0.976| 0.037| 0.073| -A | 0-004
PZAN | 018 | 1.061 | 0.969| 0.067| 0.149| | | 0.151| 1.134| 0.979| 0.045| 0.087| +A | -0
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BD(P2) | 9115 | 1.091| 0.987 | 0.044| 0.099| 1 |0.131| 1.035| 0.986| 0.032| 0.064| 1 |0-308
BD(A) | 0.110 | 1.061| 0.966| 0.070| 0.156| I | 0.120| 1.009| 0.965 | 0.052| 0.101| | | 0861
BW(A) | 0.063| 1.144| 0.978| 0,061 | 0.136 | +A | 0.064| 1.126| 0.921| 0.088| 0.172| +A | 0113
Sk 1 0.069| 1.120| 0.984 | 0.051| 0.114 | +A | 0.065| 1.067 | 0.975| 0.046| 0.089| 1 | 914
ED | 0.159| 0.541| 0853| 0.079| 0.177| -A | 0.089| 0.794| 0.922| 0.062| 0.121| -A | 0-0®
POL | 0.129| 0.997| 0.974| 0.068 | 0.130| I |0.130| 0.992| 0.978 | 0.040 | 0.079 | 1 |0-858
MHW 1 0.082| 1.214| 0.975| 0.069| 0.154| +A | 0.106 | 1.086| 0.971| 0.051 | 0.009 | 1 | 011
FIOW | 0.082| 1.000| 0975 | 0.067 | 0.127| | | 0.087| 0.976 | 0.969| 0.046| 0.091 | -A | 0-604
BIOW | 0.040| 1.019| 0.992| 0033 | 0.073| | | 0.044|0.975| 0.97 | 0.041| 0.081| -A | 0-99°
LIL 1 0.101| 0.96L | 0.973| 0.057 | 0.128| -A | 0.083| 1.019| 0.969| 0.049| 0.095| | | 9690

+ For Neolissochlus collectad from Cham Chu, BaMe andNam Xuan LacA total of 36

individuals of Nedissodiluscollected from Chian Chu, Bac MeandNam Xuan La were

examined Tables13, 14). Initially, basedon measureents ad countimg, four spedes of

this genuswere found in the widy ste,i.e.,N. benas N. namensis N. stracheyi andN. sp,

but later based on mlecdar analysis, speaiens ofthe three formespeciesverecollected

from the study sitare identified asN. benasiFurther, weneed to cofirm the axonany of

this gems in northern Vietnam usjy materials cdlected in a broadesampling area

Table13. Morphometryof Neolissochiluscollected from three protealeareas

Nam Xuan Lac Bac Me Cham Chu
Measurements n=9 n=7 n =20
Average | Min | Max | Average | Min | Max | Average | Min | Max

Standardength(mm)

i/f;ngtsf Standard | 206 | 247|137.4| 638 |49.4|908| 742 | 205] 2070
Pre aml length 76.7 | 73.8| 78.9 76.8 | 747|820 774 |71.8| 823
Pre dorsd length 51.9 48.8 | 53.2 53.4 51.2| 57.0 52.4 48.9| 55.5
Pre pelvic length 55.0 52.8| 56.7 559 530 | 59.0 56.8 512 | 69.2
Pre peatral length 27.7 21.9| 31.6 28.3 25.9| 29.5 29.2 24.1| 33.8
Caudal peduncle

length 17.2 164 | 185 174 16.1| 194 16.7 141 | 19.8
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E:d‘j:de of audd| o8 121|135 130 |126|136| 123 |11.1| 141
Pectoral fin lengt 217 | 16.8| 234 | 213 | 208|220| 217 |180] 262
Pelvic fin length 194 |185| 210 | 190 |17.1|19.8| 189 |16.2| 23.0
:sfr?;i:”g'”to aell 264 |320| 384 | 366 |344|389| 349 |30.9]| 391
Dorsalfin baselength 14.3 13.2| 14.9 14.5 13.5| 15.8 14.6 7.3 | 17.7
Anal fin baselength 87 | 80| 94 | 83 | 71|89| 84 |67] 108
Postdorsal lagth 382 |36.1| 4.0 | 383 |366|393| 337 | 7.7 | 389
Body depth 290 | 257 | 313 | 27.2 | 200|309| 272 | 227 314
Distance fom

sestonl fin tovent 491 |442| 528 | 492 |47.1|539| 484 |433]| 54.9
:r:sttz”\:fmfmm pelvicl 518 | 205| 237 | 214 |198|232| 194 | 00| 260
Head lengh (mm) 144 | 163| 16.1 | 185 | 144|246| 222 | 58 | 58.9
% of Head Length

Snaut length 318 | 266| 353 | 424 |288|99.3| 336 |20.7| 43.6
Upper jaw ength 264 | 140| 332 | 305 |28.7|335| 271 |177] 339
Pre nasal length 19.7 12.7| 23.0 198 16.0| 257 225 129| 31.6
Orbit width 254 | 202 | 31.8 | 263 |236|290| 255 |184 333
Inter orbital width 134 | 11.9| 169 | 115 |100|125| 130 | 88 | 17.2
Head width 533 | 482 | 587 | 60.8 | 509 |99.4| 534 |443| 596
Head depth at nostril 32.8 28.1| 36.5 345 | 309|420 347 293 | 41.6
:::;}':ary barb¢ | 78 | 18.0| 340 | 259 |17.0|311| 251 |109| 414
Rostal barbel length | 344 | 24.7| 413 | 324 | 24.7|372| 280 | 106| 434

Table14. Meristicschaacters ofNeolisochlus collected from three protected ase

. Nam Xuan Lac Bac Me Cham Chu

M eristics

n=9 n=7 n=20
Dorsal in rays 3-4,8-9 34,9 3-4,8-10
Anal fin rays 35 3,5 2,535
Pelvicfin rays 1,8 1,8 1,8
Pectoral fin ays 1,1516 1,16 1,1316
Caudalfin rays 10+9 10+9
Upper transverse s@tows 4,5 4,5 4,5
Lowertransverse scal®ws 3 3 2,53
Lateral Ine © pdvic scale

2,5 2,5-3 2,53

row
Lateralline scals 25-30 31-35 30-34
Predorsal scales 9-10 10-12 8-10
Circumpeduncular scale row 12 12 1012
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Circumferential scale rows

18-20

20

20

Trans/erse least scale rows

7

7t09

9

+ Rhinogobiuscollected from Cham Chu, Bac Me and Nam Xuan Lac were usedfor

morphological studyA total of 117 individuals of Rhinogobiusspp. collected fran Cham

Chu, B& Me andNam Xuan La were examined Tables 15). Based on measements ad

counting, threespecies bthis genuswere found at the sudy site i.e., R. mekngianus R.

simlis in BacMe, R. duospilusn PhiaOac-Phia Denand Rhinogobiussp.in Nam Xuan

Lac. Based on thehead lateral line system Rhinogobiusin Bac Me is identified as R.

melongianusandR. similis, from Phia Oac-Phia DenasR. duosplus (Fig. 14). Specimens

from Nam Xua Lac might be new spessfor science.

Figurel4. Head lateraline yystem of Rhinogobius duspilus from Phia Oac Phia Den

Cao Bangprovince

Table15. Morphometics of Rhinogobusspp.colleded from threeprotectedareas

northern Viet Nam

R. mekonganus R. sinilis R. duospilus Rhinogobiussp.
in Bac Me in Bac Me in Phia Oaci Phia Den in Nam Xuan Lac
Male Male
Male (8) | Female (4)| Male (8) | Female (7) Female (30 Female (15)
(30) (15)
34.5
Totd length (TL) (mm) 37.947.5| 323-556 73.7 38.863.2 28.455.6 30.654.0 28.050.3 37.1-49.0
Standard length (SL) 276-
(mm) 30.2-390 | 26.542.2 579 310-52.0 26.542.2 24.5435 226-40.7 29.7-39.6

%SL
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28.9-

Head length(HL) 28.2-32.9 | 27.330.7 35.0 29.0-31.1 26.938.1 25.230.6 26.6-31.0 29.233.0
350
Predorsal length (PDL) 37.2-40.2 | 350-37.0 40.7 27.3-38.4 | 33.8393 313-44.7 34.638.3 353-385
- 55.1-
Snout to 2nd dorsalrigin | 57.9621 | 57.059.5 60.0 54.858.9 | 49.259.4 | 52559.6 534-588 536-58.8
523
Snout to anus 556-61.9 | 55.7-60.5 56.9 523-58.2 | 51.456.3 | 54.359.7 | 52.357.1 51.658.5
L 56.5-
Snout to anal fin vgin 610-65.0 | 59.865.0 63.7 55962.2 | 55.464.5 | 566-64.2 | 584-63.8 58.865.6
. 29.2-
Prepelvic length 28.9-31.8 | 28.029.0 353 29.6-36.0 25.230.8 19.9291 249-286 26.032.3
25.2-
Cauail peduncle length 229-25.2 | 234-251 30.1 258-36.0 | 22.7-317 22.7-302 24.530.1 236-309
Caudal peduncle depth 9.310.3 9.8100 9.111.1 9.6-10.6 9.7-11.3 9.7-12.0 9.311.3 9.6121
1st dorsal fin base 11.217.1 | 13.415.2 | 116-17.0 | 12.4-20.0 11.019.4 12.918.6 134-18.5 138-185
15.4
2nd dorsal fin base 16.5209 | 159-18.2 19.9 156-235 139-22.3 15.820.4 | 16.220.8 15.520.0
) 13.9
Anal fin base 134-14.8 | 116-148 18.8 13.8216 11.6-18.7 113-16.0 10.715.5 11.216.0
) 15.9
Caudal finlength 231-27.1| 22.7-24.8 28.5 216275 | 245304 | 25.730.9 24.529.4 254301
) 22.1-
Pectoral finlength 227-25.7 | 24.026.7 286 21.3310 20.228.1 18.8273 23.3287 213-28.3
o 18.1-
Pelvic fin length 132-16.2 | 15516.9 245 20.822.9 16.2196 12.6189 15.718.8 15.519.2
Body deph atpelvic fin 15.2-
. 11.815.8 | 135147 15.5295 132-17.4 12.817.6 14.216.8 13.7-16.7
origin 22.2
Body depth at analfi 14.9
. 13.3-15.3 | 13.515.8 12.417.0 12017.1 12.815.8 138162 127-15.6
origin 192
Body width at an&fin
origin 8.9-10.2 9.1-107 9.812.7 8.0-12.1 9.814.6 112-142 11.513.2 10.714.7
e 215
Pelvic fin origin to anus 271-29.2 | 273-33.6 319 19.324.9 26.1:34.1 27.9363 26.0315 235-308
%HL
28.0
Snout length 30.034.9 | 30.0-32.0 392 22.1-35.7 | 26.836.9 25.936.0 24.330.9 27.2-32.3
. 18.0
Eye diameter (ED) 19.6254 | 22.2-26.0 295 188-27.8 17.228.2 20.930.0 23.2-27.6 19.2-25.6
. 39.3
Postorbitalength 47.4-556 | 45.054.5 486 37.7-489 414-60.7 | 46.956.0 | 483-57.1 184-63.3
- . 46.6-
Head widthin maximum 590.7-74.8 | 60.070.8 67.3 51.957.1 55.270.9 58.5755 51.4-69.0 54.862.5
. 22.7
Lower jaw Length 25.931.7 | 22.029.6 35.9 25.634.3 | 28.8388 25.0381 30.0-35.1 32.338.7
Fin rays and scak counts
D1 VI \ \ \ \ W W \
D2 1,8-9 1,8 1,8 1,8 1,7-9 1,7-9 1,7-9 1,7-9
A 1,7-8 1,7-8 1,8 1,8 1,6-8 1,6-8 1,6-7 1,6-7
P 1516 1517 1821 1821 1517 1516 1516 15-16
\Y 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5
LR 30-31 3031 29-31 2931 30-32 3032 3032 30-32
TR 8 8 7-8 8 8-9 8-9 8-9 8-9
PreD 4-6 5 1012 1012 6-10 6-8 5-7 5-6
SDP 6-7 6 5-6 5-6 5-8 5-7 5-7 5-6
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+ For Euchiloglanisnam sp.n. Specmensof Euchiloglans callected from Phia OaPhia
Denin Cao BangProvince wee descibed as anew species, whichas beensubmitted ©

Acta Zodogica Bulgarica

Table16. Counts and proportional measurameeof Euchloglanis namisp. n.

Holotype Paratypegn=6)

Locality

Dorsalfin rays i, 6 i, 6

Pectaal-fin rays i, 16 i, 15116

Pelvicfin rays i,5 i, 5

Analfin rays i, 4 i, 4

Branched cauddiin rays 16 16

in % of standard length mean range
Predosallength 34.15 3454 31.721 36.20
Dorsalfin base length 10.19 0.88 8.961 1053
Body depth 1328 11.71 9.43/14.73
Hea length 2221 22,50 21.19i23.86
Maximumhead width 1890 1993 1832/ 21.59
Caudal peduncléength 20.38 20.74 20.00r 21.88
Caudal pdurcle depth 5.06 4.99 4.3175.48
Dorsalfin insertion to adiposén origin 16.37 14.78 12.0515.90
Snout to adipse-fin origin 57.62 5741 55.94i1 58.81
Dorsd-fin length 16.44 17.83 15.93/20.13
Pectoraffin length 2150 2319 20.23i 26.14
Pelvic-fin lengh 1539 1593 144211753
Anal-fin length 1356 14.09 1313/ 1562
Anal-fin base length 6.68 6.54 6.18/ 6.86
Caudal-fin length 11.17 12.04 115311342
Adiposefin basdength 34.43 3319 31.81i35.74
in % ofhead length

Snout length 50.32 51.92 49.43i 55.21
Eye diamedr 6.33 8.05 8.0018.71
Interorbital width 24.05 2457 20.97i 29.45
in % of Pt-Pllength

Pecaoral-fin length 85.47 86.42 71.25 97.26
M-A length 60.33 5501 47.50i 60.33

in % of PFA lengh
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Pelvicfin length 10139 10848 92541 126.32
in % of lergth of caudal peduncle
Caudaipeduncle depth 24.83 24.12 20.26 2740

2.65 Length weigth relationship and condition factor

+ For Sineleotrs namxamens collected from Chan Chu NR ad Bac Me NR The range
of values fo the weight (®-20.4 g) and totalengh (3.51-13.1cm) wasobtained fron37
individuals. The coeffi@ntsof detemination wee Hghly significant(p < 0.001), withR?
valuesbeing greatr than 88 (Table 17). The strongrelationship between length é&n
weight indicaés that S. namxamess weights could be estimated froiie fish length
(LogW = 0.00Z + 3443*LogTL). The b was hidher than tre isonetric value of 3
suggestingha S. namxamesisreveded a pogive allometrc growth, whichimplies the

high adaptability othespecies tahe ewironmert in the surveyed areas

Tablel7. Length, weidit range and regression coediert of wild Sineleotris nanxanensis
overthe sanpling period. The values gén are fomthe equabn W = aTL® n, number of
sampls; TL, total length;W, weight;a is interaept andb is slopevalue o regressionR?,
coeffidentof determinationl and 4A indicate isonetric and peitive allometric growth
type, respectively

% TL (cm) | Weight (g) W=aTLP Compared sexes
x| n
Min | Max | Min | Max a b | Growth| R? t df | P
F 231 3.51| 13.1| 02|17.4|0.0026| 3.45/ +A 0.990 0.0
0.667| 3/33
M 14| 468| 12.7| 0.5]| 20.4| 0.0029| 3.439 +A 0.985
A 371 3.51| 131 0.2(20.4|0.002 | 3.443 +A 0.988

The conditio factor of specinens 3 females and 14 maleg shown inFig. 15. The
meanK values ofS. namxamensig the stidy area were found to be 0.998+0.151 SD for
males, 1.01+0.038D for femaks, and 1.08+:0021 SD for canbined sexes respectively.
The range of codition factas for this species was 0,795237 in males0,8241.28 in

females.
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0.01
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Figurel5. Condition fdor (K) between female and male ®iheleotris namxamensis

+ For Gambusiaaffinis collectedfrom TuyenQuangandCao Bang provinceA total of 64
individuals of Gambusiaaffinis collectedfrom ChamChu NR,31 from Bac Me NR ad 27
from Phia OacPhia DenNP were analyzedfor lengthweight relationship and condition
factor study(Fig. 16). The slope vale was 3.3, keing higherthan 3, showng the fish
peiform postive allometric growth. This result reveals that he ervironment fom the sudy
site issuitable fa this speies This fish isaneffecive tool in mosquito control and widely
introducedworldwide, but found ® compete wih indigenos fish ard upset the ecadgicd
balance(Shrestha, 1990). Therefore, infaomation onLWR will help ddermine gowth
throughfish length andoody weight, therebydevelopng meaures to protect biodiversity

in the study areas.
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Figurel6. Length weightrelationship of Ganmbusiaaffinis from Tuyen Quangnd
CaoBarg province.

+ For Rhinogobiuscollected from Nam XuanLac HSCA, Bac Kan Province. The data
from 53 specimensvere used fothe kengthweight relationshi@nd condition factor atly
of Rhinogobiussp. (Fig. 17). This is the first bast informaton of this species showng a
strong correlation betwen total length and fish weight with a high coefficient of
determinationR?> 0.9. Fromthis paranater we can asess he developmentatternof fish
and evalat the irfluence of the ervironment. Thus, the ichthyofaunaestimaed by this

analysiscan provide effective daafor fisheies management.
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Figurel7. Length weight relatioshp of Rhinogolius from Nam Xuan Lac HSCA
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+ For Rhinogobius snilis from different areasm Vietnam(Ha d al., 2022. A total of 195
speimens of Rhinogdoius similis were used forthe length weigh relationshp and

condition factor stuies (Figs.18-23; Tables18-20).
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Condition factor (K)

2
o
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Figure18. Variation of condition factor d Rhinogolius similisamong locatios in
Vietnam

The results sheed that this fishs positive alloméric growth (b > 3) ard theK value is1,
indicaing thatR. similisis wdl adapted to e ervironmental conditionsacross from he
northem to the highland area®f Vietnam. These findings Wi be vdualde for further
investigations intoHis introduced spaes to examinéhe impactson aquatieecoystemsin

Vietnam. This resulvas submitted té\cta Zoologica Bulgarica and receivedacceptace

for publication
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Figure19. Monthly variaion of condition facta of Rhinayobius simils collecedfrom Red
river, Hanoi,Vietnam.
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Figure20. Seasonal vaation in cordition facbr of Rhinogdius simili s colleciedfrom Lak
Lakeand Red Rive Hanoi, Vietham
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Table18. Monthly changes dingh, weight rang and regessioncoeficient of Rhingyobius smilis amongsin the Red River and Lak Lake in

slope valuef regressionR?, coeficientof determindion, respecively.

Highland. Thevalues give arefrom the eqation W =aSLP; N, nunber of sanples; SL, standardength; W, weight; a isntercgtand b is

Range of TL and W nt (ina) lope®) .
ntercept(lna slo R- Po
Time N TL (cm) W (gr) a P P t F DF . Compareo 3
Squae regresion
Site min | max | min | max | a 25006 | 97.5006 | Ina | 2.5% | 97.5% | b 2.5% | 97.5% t df P
May 71 | 34| 79 | 05| 58 | 0.0| 0.0 00 4_8 50| -46 |31 3.0 3.2 49.3 | 2427.0 | 1/69 1.0 0.0 1.8 69 0.1
Jun 150 | 28| 71| 02| 42 | 00| 0.0 0.0 4_5 -4.8 -43 | 29| 2.8 3.1 37.8 | 1430.0 | 1/148 0.9 00 -0.8| 148 0.4
Jul 174 | 23 | 83 | 01 | 53 |0.0]| 0.0 0.0 5_3 54 -51 | 34| 33 35 66.0 | 43500 | 1/172 1.0 0.0 7.7 | 172 0.0
Aug 220 | 26 | 70| 02 | 28 | 0.0| 0.0 0.0 4-7 -4.9 -45 | 3.0| 29 31 41.7 | 1741.0| 1/218 0.9 0.0 0.0 | 218 1.0
Sep 149 | 29 | 68| 03| 29 | 0.0| 0.0 0.0 4-9 -5.2 -46 | 31| 29 3.3 319 | 1015.0 | 1/14 0.9 00 1.4 | 147 0.2
Oct 107 | 39| 6.0| 04| 20| 00| 0.0 0.0 4_8 -5.1 -46 | 31| 29 3.2 39.3 | 1544.0 | 1/16 0.9 0.0 1.1 | 105 0.3
Red Riverin _
Hanoi Nov 123 | 40| 68| 04| 29 | 00| 0.0 0.0 51 -54 47 | 31| 2.9 34 29.7 | 880.4 | 1/121 0.9 0.0 14 | 121 0.2
Dec 132 | 29| 70| 02| 3.4|00| 0.0 0.0 5_2 54| -5.0 | 33| 31 3.4 51.2 | 2617.0 | 1/130 10 0.0 4.3 | 130 0.0
March | 111 | 3.2 | 66 | 0.3 | 2.7 | 0.0| 0.0 0.0 4-6 -5.0 -43 | 30| 28 3.2 28.4 | 804.7 1/109 0.9 0.0 -0.4 | 109 0.7
April 89 33 63|02| 25]00| 00 0.0 4_9 -5.2 -45 |31 29 3.3 295 | 871.8 1/87 0.9 0.0 0.7 87 0.5
Rainy | 871 | 23| 83 | 0.1 | 58 | 00| 0.0 0.0 5_0 -5.1 -49 |32 3.1 3.3 | 109.2| 11920.0| 1/869 0.9 0.0 6.9 | 869 0.0
Dry 457 | 29 | 70 | 0.2 | 34 | 0.0| 00 0.0 4_9 50| 47 31| 3.0 3.2 64.7 | 4180.0 | 1/455 09 <2e-16 1.7 | 455 0.1
total 1326| 2.3 | 83 | 01| 58 (00| 00 0.0 - 50| 48 | 31| 3.1 3.2 | 124.3| 15430.0| 1/1324 0.9 0.0 5.2 | ###H | 13240
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Lak_lake

4.9
rainy 63 | 29| 63|04 | 32|00| 0.0 00 4-1 -4.5 -3.8 | 28| 26 3.0 235 | 5514 1/61 0.9 0.0 -16| 61 0.1
dry 575 | 27 (63| 02| 31|00| 0.0 00 4-6 -4.7 -45 | 30| 29 31 800 | 6403.0 | 1/573 0.9 0.0 -0.1| 573 1.0
total 638 | 2.7 | 6.3 | 0.2 | 32 | 0.0 4-6 -4.7 -45 | 3.0 3.0 31 81.6 | 66650 | 1/636 09 00 0.7 | 6360 0.5

Table19. Spatial variation ofength,weight range and regsson coefficientof Rhinogobus similisin Vietnam Thevalues giverare fom the
equation W =aSLP; N, numberof sanples; SL, standard lengthW, weight; a is ntercept ad b is sbpevalue of regrssion; R?, coefficient of

determinaion, respectively

Range of TLand W intercept@)
= W slope(b) P of
Site N (cm) (gn) a t F DF R-Square | regressi Compare to 3
mi | ma | mi ma 2.50 97.50 In2.5% | In97.5% 25| 975
a Ina b on
n X n X % % a a % % t df P
132 0. 3. 124. | 15430. | 1/132 5. | 1324. | 1324.
. 23183 |01 5.8 0.0 0.0 -49 -5.0 -4.8 3.1 3.2 0.9 0.0
SH_hanoi 6 0 1 3 0 4 2 0 0
0. 3. 1.
101 | 27| 71| 01| 3.7 0.0 0.0 -4.7 -4.9 -4.5 3.0 3.2 445 | 1900 | 1/99 1.0 0.0 99.0 0.1
SH_phutho 0 1 5
0. 3. 2.
195 | 26| 72 | 0.1 | 3.2 0.0 0.0 -5.3 -5.7 -50 3.1 35 33.2 | 11040 | 1/193 0.8 0.0 193.0 0.0
bacme lake 0 3 6
hoabinh_lak 0. 3. 4.
o - 349 | 24 |1 63 | 01| 1.6 0 0.0 0.0 -5.3 -5.5 -5.1 3 3.2 35 45.8 | 2096.0 | 1/347 0.9 0.0 5 347.0| 00
lak_both_lak 0. 3. 0.
o 638 | 27| 6.3 | 0.2 | 3.2 0 0.0 0.0 -4.6 -4.7 -45 0 3.0 3.1 81.6 | 6666.0 | 1/636 0.9 0.0 7 636.0| 05
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Table20. Diff erenceof length, veight rangeandregression cefficient d Rhinogobius similidetveen habita The valiesgiven are from the

deeminaton, respectively.

equation W =aSL®; N, number ofsanples; SL, standrd length W, weight; a is intecept and b is slope Mae of regression; R, coefficient of

Range of TL and W intercept(a)
. slope(b) P of
Habitats N TL (cm) W (gr) a t F DF R-Square .
regresson Compareo 3
min | max | min | max 2.50% | 97.50% | Ina | In2.5%a| In97.5%a| b 25% | 97.5% t df P
Riverine | 1427 | 2.3 | 8.27| 0.1 | 5.8 0.007 | 0.008 | -4.9| -4.933 -4.79 3.1| 3.059| 3.153 | 129.8| 1.69E+@! | 1/1425| 0.922 2.00E16 | 4.44 | 1425| 9.74E06
Lacutrine | 1128 | 2.4 | 717 | 0.1 | 3.2 0.004 | 0.0049 | -5.4| -5.526 -5.32 3.5| 3384 | 3521 | 98.64 9995 1/1180 0.894 2.00E16 | 133 | 118 | 5.78E38
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2.66 Ecological and corservation aspects

+ The data aboutdh diversity distribution and length weght relationship and condition
factor of seeral speciesould be poterml to link with those from othegroups to have &arge
picture of biodiversity in the study site, whickill be crucial tohave any conservaion
activities. Data from all goups will be a fundamental to have a distrbnél picture,
especially focesing on rare ocommercial speciestilizing GIS groug results It means that
the remote sensindata will ke aly the group toconrect all data nto one visiblepicture.
Clearl, this picture will beavery effective toolm conservation ad protection.

This is a very mportant point beawse we should appagh conservations based on
ecosystems wherall organisns returally have sbd connections. In the same aquat
environment, the fish groups data could be shared closely waithcreinvertebrates and
herpetdogy groups hat may produceasne useful data in th study site. For a further aspect,
full data of fish aad macroinvertebréesand wate paraneters could beusel to asess he water
quality.

+ Data from fisheries statug the Fish graip could be informi@on about oles statises,
threas and conservians of this animal in the study siteeg above Importantly, this dat
generdesan idea © connect wh social groups since many data share between two groups.
We did interviews from ourselves view ancouldobtain cata from adifferert side, thus if we
can share method and data, results will beeniformative and this Wi dealwith a bigge
issue which is potetial to form a betteipublication. The combinedata mightbring an
effective action m consevation ad exploitdion of fisheries resource. In addition,
conservation of fish based onosgstem servicespproab seemspoorinformation in Vietham
This appoach should be consigal from this project, wish may open anew stage in
conservatia of fish in Vignam(Tran et al. 2021L

In the study siteghere areseveal river basins, whicshow aninterestng datawhen we
compareamorg sampling stes. Basedon the ichthyofana, we could understand the ecological

connectims. In the pregntreport,this aspect will bgpresentFurthermoe, interview datawill
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be findized to show the importance of ffisries br locd residents, praiding benefits fom the
ecaxystems. Thisdat clearly show the linkages étween ecolog and society. In addion,
workshops orgamation br local authoties and residents which were coducied duringthe

survey in Cao BagProvirce,coud be anothelink in cornservatia activities.

+ Clearly, he number of fish species i@ao Duongwas much higherthan thatof the
other areagTables 5, 6). It can be seen fra fig. 24, there is alear relationship between the
numberof species ah the averageelevationwhere the fishwere collected In Phia Oad’ha
Den, there were five stations where no fishravenllected. Most of these samplisiies were
above 1000 m als.The suvey wasconducted in different habitat types and sdimdingson
fish distribution will be presened in tables 5, 6, 21 Hill stream loachand stone loach
(Liniparhomalopteraand Schisturd are popular in strong water curttewith rocky and sandy
bottom sedimens. Similar to pecies ofPlacogobiq Euchiloglanis namsp.n.prefer living in
mediumand high-water arrert with store bottomas tey can useheir large pectoral fingo
attach he bottom. Rectorissp. andNeolissehilus benasicould be foundn the medim and
high-speed currentwith gravel bottomOn the other Bnd, in slow water currefh Sometypical
fish could be oberved, suchas Parazacco sp, Opsariichthys Gambusia affinisand

Rhinogobiug(Tables 5, 6).
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Bac Me Phia Oac-Phia Den Nam Xuan Lac

Figure24. Number of species acording to averageelevation inthe three aeas in the perbd of
2019 t02020 surveys.
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Table21. Some examples d fish distribut ional patterns in different areas inthe three areas in the
period of 2019 to 2020 survey#rea 1D0O.02; Area 2 (NXL02,05,06,8,11; DO.05,07, Area 3
(NXL.03-06,09; Area 4 (NXL.02,06,0910; DO.0J). Pleaseseefigure 1 for the four areas.
Area Habitat Order | Family Example genus/species
Narrow stream Euchiloglanissp.
inside the foeg;
medium and hig

speed current;
grawel, stone an
sandy botbm.

Sisoridae

Siluriformes

Discogobiosp.
Wide stream;
medium andhigh
speed cuent;
gravel, muddy
and sindy
bottom.

Cyprinidae

Cypriniformes

Neolissochiludenasi

Medium speed
wate, gravel,
sandy and stone
bottom.

Cypriniformes

Cyprinidae

Parazacco sp.
Slow speed
current water,
gravelandsandy
and muddy
bottom

Xenocyprididae

Cypriniformes
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2.6.7 Natural and socieeconomic conéxt and main human impactdthreats on biological
group

The impatance of fish for localresidents

Seweralresuts ofintervieweedn the four arasare summazedin Table22. The resiis of the
interview surveys indicée that fsh were quite an important source of protein fathe locd
communityasfish consumed per weelerel to 3 days (able 22). However fish werenot the
main income for loal people as theatio of fisher pertotal intervieweeswas lowin Cham Chu
and Bac Me, andno fishers in the rest of the study sit€éssh corsumed are mainlyrbm
aguaculture anthe localmarkets, seh ascommon arp, gras carp, silver carp, mrigal carp,

tilapia and menefish.

Table22. Informaion on fisher and fishng based on thenterviews with fishers in the Cham
Chu NR. ad Bac Me NR(these data will be published in the near future).

Content Cham Bac Me Phig Oac- Nam
Chu PhiaDen | Xuan Lac
Number of interviewes 18 17 2 6
Ratio offishertotal local people (%) 56 5.6 0 0
Fisher Resicencein theregon (yea) 34.4 44 32 455
Educatia level (in 12 grade) 8.3 7.7 7 8.8
Fishingexperence(year) 20.1 29 0 12.8
Fish consumed per gek (day) 25 3.4 1 3
Worker/trip 1.5 1.5 1 1
Distance (km/trip) 1.0 1.7 0,5 26
Season Dry 25.0 19 No data 20
(%) Rain . 12.5 40 No data 80
Both dry and rain 62.5 42 No data 0
Day per week 2.9 16 No data 1
Fishing Frequecy | Tim of flshlng 21 15 08 3.2
(hour/trip)
Ratio of Electrofishing 12.5 10 0 0
gear used | Gill net 25.0 33 0 833
in fishing | Fishing line 25.0 48 50 33.3
(%) Others 37.5 29 50 50
Product (kg/tip) 1.2 3.1 1 1
Decline of | During past 5 year%) 48.5 41 50 325
f;gglr;;s During past 10 year (%) 78.5 51 45 No data

Current statusof fishery resources
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Wild fishery resaurces Accordng to fishes and local residentshee wereno esablished
programs oguidelines for local people regardjithe use andrptection of fish specgin Bac
Me NR, Phia Oad’hia Den NP, Nam Xuan Lac HSCA Almost al interviewees recognized
thatfishing prodicts from the two rivies hadbeen decining rapidly. The rats of declineduring
the past fve ard tenyearsranged fom 32-50% to %b-7%%, respetively (Table22). Although
the totd products hae gredly declined mary speciesstill have high producion values. In

Cham Chu NRthere are sme commercial fsh namely Neoissochilis benasj Hemibarbus
labeq Schisura spp., commoncarp, hongkong catfish. Mg interviewees agreed &h
Neolissahilus speciesplay an imporantrole for fisheries resowes in the lodacommunity. In
Bac Me NR somefollowings are inportant forthe local people: Onychostyoma gefehi,

Opsariichthysminutus, Hemiculterleucisculus Cranoglanisbouderius Hembagrus guttatus
gobiesilapia, conman carp and gass carp.

Cultured fishery resource There were some cultured speciesin the research area, suel
Cyprinus @arpio, Ctenopharyngdon idellus, Hypopthalmichhys molitrix, Oreochromispp.,

Prochilodus argenteus Cirrhina molitorella, Clarias fuscus Channa maculataCranoglanis
bouderis ard Carassiws auratus aurtus. Seed oimany specieare charge from loca people
andbutfew from the wild.

Status of exploitation fishery resources

Information on fehers Few interviewees were wding a fishers at the study g¢e. The
educational aainment d interviewees irthe four sites was the samé&gble 22). None ofthe
interviewees were wrking as fisheratthe study siteA few peope u it for commerciss, the
rest a it for daily food Average educational attainment rangefsom 7 to 8 oubf 12, am most
of them are fom ethnicminorities.

Fishing Fish consumtion in Bac Me NR and Na Xuan LacHSCA wasthreetimes higher
than atPhiaOac-Phia Den NP (Table 22). Fishwere caght mainly n therainy seasnin the
Nam Xuan LadHSCA and were caughmoreevery throughout he year in the Bc MeNR.

Fish were caught maly in the rainy seson in the Nam Xuahac HSCA and were caught
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more evenf throughat the year in the Ba& Me NR.According b villagers in Nam Xuan Lac
HSCA, they can cah fish in the ields durirg the rainyseason when floodsise. The

frequencies foffishing werefrom 1 to 15 days/week inaround 1 houfor a trip. Fishers
frequently caightfishby gll nets in Bac Me NR andNam Xuan LacHSCA, and fishing lines
were morefrequently usedn Phia OaePhia DenNP. Electrefishing was sonetimes used in
Bac Me NR {Table22). The efficiency of fiking in the Ba Me NR was the higtsethan in all

areas (Table22).

Some pssibke impacts onfishery lesources

As mentioned previously the fishy reources have been dedng in the study site The
followings aresome possible remns Sone differences ould be dund among théour sites.
In Cham Chu NRmany interviewees agree thatdestuctive gears use to catch fish is the
reason to reducéne fiskery resources, follwed by theoverexploitaion ard water polluton,
which are tle o mog importart reasons in Bc MeNR. In Bac Me,the tourism activity is a
different regon fromthe Gham Clu NR. From ChamChu NR, interviewees said that the
fishelies praluction has been rently recovered becauskestuctive gears aréorbidden and
the awarenss of loca peopleto protect the resourceme ircreasing.Whatis more, in Bac Me
NR, deforestationand aedructive gear haveaedwed fishproduction there. In NarXuan Lac
HSCA, wate pollution is caused byusing mosquito repellen) insectiedes, am herbicides by
local people and the treatment of wastaer from ore nines kads to aleclinein fish sto&s.
Samevillagers at Bac MeNR and Nam Xwan LacHSCA claim thatthe number of strema fish
species has incread compared to thre to four yeess ago hanks to positig management
measures (banned electstamulators, tle trarsmission dfish resource prdection).

It is interestingto notethat intoduced fish speciesich asGambusia dfnis, which could
be found abundantly in a éw sampling ises fran Phia Oad”hiaDen (2 site3 and Nam Xuan
Lac (1 site) Thus, further invegigationsneed tobe condictedto urderstand he impact of

exotic specien native ecosystems

2.7 Discusson
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2.7.1 Comparison of fish diversity in four riv er basins

Thisis thefirst list of fish in Cham ChuPhia OaePhia Den andNam Xuan LacHSCA,
which are fundamenthdata for firther studiesas well as forthe whole NEF projectSeveral
species nay be new recals for Vietham and new epies for sciencer@ble5), whichwill be
further checkd by morphological and molecular examaions. Other @ecies such as
Parazaco sp.,Discagobio spp., Placogobbp sp.alsoneed to be confirmed in morphologyd
molecular. Thee taxamight increase # diversity and the Vae of ichttyofauna fran northern
Vietnam.

The number of fish species in ttveo areas wa little diverseconpared with Bxc Meand
Cham Q. It is clear that the wateurface area in Bade is much highethanPhia OaePhia
Den andNam Xuan Lacln BacMe NR, many spcies wereollectedfrom Na Hang Reservoir
(Thuong Tan Lake).nithe PhiaOacPhia Den, no fsh infive samping sitesmight rdateto the
high elevationand another podsility is thatthis time suvey during the rainygeason, sthe
water was presnt in all sampling sés. Howeer, during the dry season, there will beweter.
It means thathe waterlevel in thesesampling sitesis changeable andsignificantly different
betwe@ seasns hence fish cald not be distribted there. This could lead few numbers of
fishers in thisarea and fisheries resources are not smitapt forlocal resdents.

From Pha OacPhia Den andNam XuanLac, samplingsites are in the Red River,eth
Thai Binh, both flowing into Gulf of Tokn, and fromBang Giang Rer, which flows into
China. Therebre, we examined species compositions adal distribution in tre two aras
(Table 23). Discogobio microstama is a species only distributed in the BangaBGg Rver,
which was &o found inthe peviouswork (Nguyen Van Giang2018). The Gam and Laivers
are the biggest tributaries of the Red rivesib, bu they sharea few freshvater fish spcies
(only 4 specieg (Table23). This may be related to diffencesn the nunmber of sarpling sites

in each river basin.

Table23. Fish distibution in different river basins in Phia Odthia Den(2020)
and Nan Xuan Lag(2020) nathern Vietnan.
Species PO-PD NXL
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Gan | Bang Giang| Thai Binh| Lo
1 Barbodes semifasciolatus + + + +
2 Beaufortia pingi +
3 Carassius auratus +
4 Channa gachua +
S Cyprinuscarpio +
6 Discogobio microstoma + +
7 Discogobiospp
8 Gamlusia affinis +
9 Glyptothorax honghensis + +
10 | Hemibarbuscf. umbrifer +
11 | Hemibagrus pluriradiatus +
12 | Liniparhomaloptera cf. N N
giongzhongensis

13 | Macropodus opercularis + + +
14 | Mastacembeluarmatus +
15 | Monopterus tbus +
16 | Neolissochiludenasi + +
17 | Neolissochilusp. +
18 | Onychostoma gerlachi + + +
19 | Onychostoma lepturus + +
20 | Opsariichttys minutus + +
21 | Parazaccasp. + + +
22 | Placogobiobacmeess + +
23 | Euchloglanis sp. +
24 | Rhinogobius diospilus + +
25 | Rhinogobius lineatus + +
26 | Rhinogobiussp. +
27 | Rhodeus ocellatus
28 | Schisturaspp. + + + +
29 | Vanmaneniaf. caldwelli + + + +

Total 11 12 16 18

Sampling siteddong to four river basinsg Lo, Gam,Bang Giaig and ThaBinh Rivers.

Fish were manly distributed in the Lo an@am Riverspne of the largest tributes of the Red
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River, where the number of species ramdem 65 to 69 with the Hbbeing higher thar3.00
(Table 24, 25). The lowes numberof fish was colleted in the areabelonging to the Bam
Giang River, whth flows in to China(Tables24, 25.

Table24. A list of fish colectedin the four protected aas beloging tofour river basins

northernVietnam
# Scientificname Vietnamese nane River basin
G |BG | TB
I. Cypriniformes B, C8 Ch®p
1. Botiidae
1 | Leptobotia elongatéBleeker, 1870) C8 ChUch c8§
2. Cobitidae H  c¢c8 ChUlch
2 | Misgurnus anguillicaudatugCantor, 1842) C8 ChUch b +
3. Gastromyzatidae H C&chicdmY
Liniparhomalopteracf. giongzhongensis + + +
4 | Vanmaneni&f. caldwelli + + +
4. Balitoridae H  c¢c8 ChUlch
5 | Beaufortia pingi(Fang, 1930) C8 B8&m khuy + +
5. Nemacheilidae H C8cIiChdu’
6 | Sdisturaspp. C8 ChUch su + |+ +
7 | Traccatichthys taeniatugellegrin & Chevey 1936) C8 ChUch cd
6. Cyprinidae H C8&8 Ch®p
8 | BarbodessemifasciolatugGunther 1868) C8 n,ng Lon + + +
Carassius auratuflLinnaeus, 1758) Ca4Di JJc mdt [ + +
10 | Cyprinus carpidLinnaeus, 1758 C4& Chép +
11 | Garra orientalisNichols, 1925 C& S t mii
12 | Neolissochilus benag¢Pellegrin & Chevey, 1936) Cé Rai + +
13 | Neolissochilusp. Ca Mi
14 | Onyctostoma gdachi (Peters, 1881) C8 S "nh gai + | o+ |+
15 | Onychostoma lepturu&inther, 1896) Cé& Phao + +
16 | Osteochilus salsburpichols & Pope 1927 C8 Dfm L blt +
17 | Spinibarbus hollandDshima, 1919 C8 Ch"y LBblt +
7. Danionidae
18 | Rasbora steinemNichols & Pope, 1927 cs8 MYi s ¢ +
8. Xenocyprididae
19 | Aphyocypris normalidlichols & Pope, 1927 C8 Dfm su’ i




20 | Chanodichthys erythropterBasilewsky, 1855) C8 Thi Wu
21 | CulterflavipinnisTirant, 1883 Ca Ngao gu
22 | Hemiculter elongatublguyen & Ngo, 2001 cCg8 vQn d"i ?
23 | Hemiculter leucisculugBasilewsky, 1855) cC§8 Me€ehng xa
24 | Megalobrama terminali¢Richardson, 1846) C8 VQn
25 | Megalobrama skolkgi Dybowski, 1872 cavQn
26 | Metzia formosa¢Oshima, 1920) Cg8 MUi bduc
27 | Opsariichthys minutublichols, 1926 C8 Chgo t h+€
28 | Parazaccaosp. Ca Chubn
29 | Pseudohemiculter dispdPeters, 1881) C8 Dfu stng
30 | Sinibrama affinigVaillant, 1892) Ca Nhac
31 | Toxabramis houdemeRellegrin, 1932 Cs§ Dfu h” ¢
32 | Toxabramis swinhoni§iinther, 1873 C§ Dfu h” b
33 | Xenocypris davidBleeker, 1871 C8&8 Mfn
9. Acheilognathidae
34 | Acheilognatlus sp. Cé The be
35 | Acheiloghathus tonkinensi@/aillant, 1892) Cg8 Th™ be t
36 | Rhodeu<f. albomarginatus C§8§ B€, m
37 | Rhodeus ocellatudner, 1866) Cg&8 B€ m chbl
10. Gobionidae
38 | Discogobio microstoméMai, 1978) CadBan s_ ng
39 | Discogobiaospp.
40 | Gobiobotia meridionalihen & Cao, 1977 C8 n,c rOu
41 | Hemibarbuscf. umbrifer C8 n, c I 4
42 | Hemibarbus mediu¥ue, 1995 C8 n,c ng,
43 | Microphysogobio elongas(Yao & Yang,1977) C8 n, c bimanh
44 | Placogobio bacmeensidguyen & Vo, 2001 Ca Thui
45 | Saurogobio dabryBleeker, 1871 C8 n,c Lanh
46 | Squalidus argentatuSauvage & Dabry de ThiersadB74)| C§ , gr dbng m, 1
II.Silur iformes B, C8 Da tr
1. Bagridae H  C8 Litng
47 | Hemibagrus centraluMai, 1978 C8 Ltng qufl
48 | Hemibagrus pluriradiatugVaillant, 1892) C§ L€ ng
49 | Pseudobagrus vachelljRichardson, 1846) cCg§ Mfm
50 | Tachysurus fulvidraco (Richadson, 1846) C8 B, Len
51 | Tachysurus kyphudai, 1978 cg Mt tr n

B
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52 | Tachysurus virgatu@Oshima, 1926) Cg§ Mt
2. Sisoridae H C§ Chi °n
53 | Euchiloglarnis sp. Cathi °n p., m
54 | Glyptothomx honghensis.i, 1984 CaChi °n su’ i
3. Siluridae H C8 Nheo
55 | Pterocryptis cochinchinens{¥alenciennes, 1840) CaTheéo
56 | Pterocryptissp. C8&8 Ni JJt
57 | Silurus aotusLinnaeus 1758 Ca Nheo
4. Clariidae
58 | Clarias fuscugLacepéde, 1803) C8 Tr° Len
5. Cranoglanididae H  c¢c8&8 NgUnh
59 | Cranoglanis henric{Vaillant, 1893) C&8 NgUnh th
Il. Gobiiformes B, C8 b  ng
1. Odontobutidae
60 | Sireledris namxamensi€hen& Kottelat, 2004 C& B ' ng nh,
3. Gobiidae H C8 b’  ng
62 | Rhinogobius duospilugierre, 1935) Cg8 B ' ng su’
63 | Rhinogobius honghenszhen, Yang & Chn, 1999 C8 B aeg kh
64 | Rhinogolius linedusChen, Kottelat & Mille, 1999
65 | Rhinogobius mekongian(Bellegrin &Fang, 1940) Cg8 B ' ng m°
61 | Rhinogobius similisill, 1859 Cg8& B ' ng LS8
66 | Rhinogobiussp.
IV. Synbranchifor mes B, C8 Mang
1. Mastacembelidae H  CHBUcCmg s?
67 | Mastacembelus armatikacepéde, 1800) C8 ChUch st
2. Synbranchidae H L<€hn
68 | Monopterus albuguiew, 1793 L€hn th<€ ng
V. Anabantiformes B, 8 g” n
1. Anabantidae
69 | Anabas tetudineugBloch, 1792) Cg8§ R LY ng
2. Osphronemidae H c¢c8&8 Tai t
70 | Macropodus opercularifLinnaeus, 1758) C8 nuti c’
3. Channidae
71 | Channa gacha (Hamilton, 1822) CaCh " nh d, c
VI. Cichliform es B, C8 r* ph
1. Cichlidae H C8&8 r® ph
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72 | Oreochromis mossambic(Beters, 1852) C8 R phi L| +
73 | Oreochromis niloticugLinnaeus, 1758) CaR* phi v =un + + +
VII.C yprinodontiformes B, akcd L Fu
1. Poecilidae H  C8 tn mu
74 | Gambusia affinigBaird & Girard, 1853) Cg&8 I'n mu, i + + + +
VIII.BELONIFORMES B, C8 Nh§gi
1. Adrianichthyidae H C8&8 S-c¢
75 | Oryzias pectoraliskoberts 1998 C§8§ S-c vOoy +
Total 55 | 46 | 13 | 19

Study die: L: Lo river, G: Gam river, BGBang Giang rive, TB: Thai Binh rive

Through the composition and distribution of fish speaned protected areas and 4 river

basins, we compadewith the biodiversity indices according to tedanmn\Weiner's index

(H); the Margalef's index (d), the Pielou's index (J') and the Simpsoes (BJ. The results

showed that, at the Lo River, the highest biodiversity index, the margalef's index (d) and the

shannoAWe i ner ' s

i nde xagMtiany verly boodbiodersity éevkl (d=8.1916,

H '= 3,1635). In the Gam River, although theluctfuates at a very good biodiversity level

(d=6.5692), Ho i

S

onl vy

reaches

qgui te

S

mil ar

is that the Lo ad Gan rivers have a largenumber of species and individuals than the Bang

(J0o)

Giang and Thai Binh rivs (Table 25. T h e

pi el ou

S i

ndex

all river basins, the study is average, which leads to low simpson's index (D).

Table 25. Biodiversity indicef fish speaés compositin in 4 protead areasrad 4 river

basins S: total specied\: total indviduals, d: Magde f ' s i nde x,
ShannorWeiner'sindex, D: Simpso's inde.
Area S N d J H'(log) D
Lo River 56 824 8.1916 0.78589 3.1635 0.93225
GamRiver 46 944 6.5692 0.708t 2.7122 0.88034
BangGiangRiver| 13 106 2.5732 0.74255 19046 0.80305
Thai BinhRiver 19 380 3.0302 0.76775 2.2606 0.8573

J o :

It can beclearly seen thatpgciescompositionof fish in Bang Giang Rivelis different

from the othergTable 26, Fig. 2b Although Gam and L®&ivers are lhe two tributaries of the

Red River, the species compam of fish in Lo River is close to that of Thai BinhRiver than
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of
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to theGamRiver. Table 26shows tlat almost all species oarring in the Thai BiniRiver are

distributed in the LdRiver. The two iver basirs are present in Nam Xuan Lac HSQAg. 5).

Table26. Similarity coefficient of fi$ species compsition in 4 river basins

Area Loriver Gamriver BangGiangriver Thai Binhriver
Lo River
GamRiver 38.348
Bang GiangRiver 12.688 16.19
Thai BinhRiver 44.684 33.988 9.0535

|Resemblance 517 Bray-Curtis similarity|

20

40

Similarity

60

80

100-

Lo river

Gam river
Thai Binh river

Area

Bang Giang river

Figure25. Diagram of similarity in pecies composition i river basns.
2.7.2 LWR and K of an exotic goby fish R. similis

Thisis the firstLWR data forR. similis from atropical region.Ther?valuesof R. similis
for all casesanalyzed in this studyerehigh (primarily > 0.88) (Table18), suggesting that the

fi s h Gght cowld be estimted from length Similar data wee observedor the same species
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distnbutedin subtropcal and temperate regioms China(Ye et al 2007, Leietal. 2015, Xiong

et al 2015, Heidai et al 2019. Theslopeb ranged from 2.804 t0.862 (Tables18i 20), which

was amost wihin the standard range of 2.7 to 3.4 reported for 90%sbefiamined byFroese
(2006).Overall, the LWR regression slopéb) vadue of R. similisfor all individuals from the

presen study was3.305 which was higlker than the isometric value of(3able19), indicating

that this freshwater gobyhaspositive alloméic growth This implies that smalleR. similis

individualstend tobe more elongated, withthinnedbody, and biggerindividuals tend to be
plumperin shapgFroes 2006)

The parameterof LWR could be a speciesspecific charactestic that is affected by
environmental coditions(Richer1973 Froese2006. Of the five surveyed sites the present
study the specimens oR. similis from the Red River andwo reservoirs had gsitive
allomeric growth. The paitive growth patterriwith b = 3.38) has also been reported fonig
speces (under a synonynR. giurinug in the Xiangjiang Rivera tributary of the middle
Yangtze RiverSouthern Ching2 4 Ai2 © KjBl,21M)j A 3 ) (Npi € al 2015) On the other
hand,an isometric growth wasobserve in specimengollectedin the Lak Lake (highland),
which wassimilar to the specimes collected ira shallow macroptic Yangze Lake in China
(30°162 2 Nj N, 13 8 N{YAE2t7al 2007) andin R. cf. similis distributedin southern
Caspian Sea basin ( H&da2e& N1281§NIn addit®dn Aeyatipge3 njE )
allometric growth was latained forR. similis collected from a wetland lake in the central
Yangtze River(30°310 30°360 N; 114°210114°280 E(Xiong et al 2015) This differencein
growth patternslso suppors the fact thatfactorsother tharspecies uniquenessay influence
thisgobyos gr owt h patterns

Since thechange ob value @n be affected byhe changes irenvironmental conditions,
the seasonal vaaitionsin growth pattern oR. similisdiffered between thdRed River andhe
Lak Lake(Table18) could be explained by the differencetine hydrologyof the river and the
lake. Seasonal change of hydrologic conditions e.g., velocity, turbidity, and water discharge in
the Red Riveris more pronouncethan in LakLake mght influence the growth of the fish,
making the fish grow differently in two seasan river but similarly atthe lake This result
implies that this specielsas high plasticity in growth pattern ani likely more adapéed to
variable environmeat conditionsthan stable conditionSimilarly, the seasonal difference in

growth patternwas also reported foPeriophtramusmodestuscollected from estuary ahe
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Red Riveyin whichfish alsohave significantly highelb valuegrow in the rainy seasdhanin
the dry season(Tran et al 2021). Differently, even otherspecies namg Glossogobius
olivaceug(Taet al 2020)andBostrychus sinens{Nguyenet al 2020) also collected from the
Red River,have similar growt patern between seasan&s the b value isalso regulatedby
gonadal developmental stage amgbroductive investmenfFroese2006) and the spawning
season oR. similiswas reported to occur in rainy season months in Ta({@aanget al 2008)
the higher value db in rainy seasoin this study mighpartly be a consequence of increasi
in gonadvolumein pre-spawningperiod

The present results revedlthat fish in the lacistrine habitatgenerally had higheb
value tan those in riverindnabitat Table 20), suggesting thatish in thelacustrine habitat
(particularly in reservoirjendedto increase in thickness as they grawd thus large specimen
would have plumper body shape than the smaller.dbestraryto the gesent study, the fish
collected in China grown weightbetter in the riverine habitgdas theb values were higher)
than n lacustrine habitgtre et al 2007, Leiet al 2015, Xionget al 2015, Heida et al 2018)

A difference in morphology and pigmentation could be found in fish celletbm different
study areas.All above information would have demonstrated the biodiversity of this exotic
goby species, whicleadsto its goodadaptatiorto different habitats.

The present study contributes the first data of condition féatdhis eciesregarding
condition factor, whichis relatel to changes ofenvironmental conditions and fish health
(Froese 2006) This K value estimatedfor all individuals averaged0.97, which was
significantlylower thantheidealthresholdvalueof 1 ({(2507)=-7.606 p < 0.001), suggesting
that, in generalthe fish werenot in healthyconditions athe sampling time. Given that the
condition factorcan be regulated by the seaalbohange in environmental conditioffsoese
2006, most of the cases (fish from Baeand Ho&inh reservoirs) in the preserstudy which
had low values of condition factor were collected during the winter month and in the north of
Vietnam when thevater temperaturs low andfood resource might be limited’he seasonal
variation in K of fish collectedin the Red River and ithe Lak Lake had confirmed the
significant effect of season on condition factor in this species whileweste in a better
conditionduring the rainy seasorthan inthe dry seasonWithin the Red Riverthe higherK
valuein the riverine habitasuggedst that the fish are more adaptablethis type of habitat

whereenvironmental conditionseeveal seasai variations The condition factor ofigh in the
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present study seemed tollow a latitudinal tendency while increasexbrh north to south.
Especially whie compared irthe same type of habitélhis tendency wasehd, i.e, among
stillness waters, thed collected from more southward weaéso healthier than those in the
north, suggesting this fish has potenti@rget to adapt talifferent environments n the
southernward distribution rang@riginally, this speciesas considered to be didtuted in the
cold waters(Suzukiet al 2016) The highK value in the more southern area (highland) and
during the hotter period (the rainy seasomnyht support thaR. similisis tolerant of higher
temperature, which leads to its expansion from the tempertie tropical region(Serovetal.
2006, Tran & Ta 2014 Suzuki et al 2016 Tran et al, 201§ and develops well after
introduction(Suzuki et al 2016,Eagderiet al 2017). Factors such as maturity, reproduction,
feeding habits and availability of food resources should be further concerned to provide
insightsinto the growth pattern and condition factor of this@pes in \letham.

Introduced speciesould have inverseffect and eventually could cause #adinction of
native species bys apredabr, competior, and changehabitat (Workman & Merz 2007,
Strayer 201Q) It is reported thatR. similis may be responsible for the disappearance of
Pseudogobiopsis species in Singapd@son & Kim 2005, Larsort al. 2008)and adverse
ecological impactgEagderiet al 2017). Thedifference ingrowth parameters of this species
betweenthe present study and previous reports firmly sugpibe fact that this introduced
speciesare more suitale to environmental conditions in the tropics. Furthermibie higherK
in the more southern population within Vietnasuggestshat this goby adas well to the
higher temperaturdn addition, the present study also repdfte high variation in growth
patterns andhe condition factor Figs. 18i 23, tables18i 20). This species is an amphidromous
fish that utilize estuarine habitats during a certagniqu of its life history, but some works
indicake that itcanremain in reservioirgLim & Ng, 1990, Tranet al, 2018), implying the
biodiversity of this gobyHence, hese facts suggest that this goby potentiallyitmacts on
native species arttie ecosystermwhere it invades

+ Synhesized charactestics of biological group in the limestone ecosystems in the

mountainous region of North Vietma

The ichthyofanua in arthern Vietham showsomewhat cleatypical traits of limestone
ecosystems since many species fridme following famiies, Botiidae, Gastromyzontidge
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Nemacheilidag Sisoridae Gobiidae and several gema such asPlacogobiq Placocheilus
Rectoris OnychostomaNeolissochilusand Garra, which are favoable for thehigh curent
waterin the moutainousregions Many speceswerealso distributed irsouthern Chinasuch
asspecies fronPlacogobiq Discogobioand Euchiloglanis(Endruweit 2013;Kottelat, 2013.

In all four sites, the dominamtrderis Cypriniformes, accouimg for more than60% in Cham
Chu and Bac Me, anslD% for thetwo otherareas.

+ Brief description of socieconomic and policy context, initial degtion and analysis of

natural andhuman impactsthreats on logical group

Interview data show thapresures on fishdiversity and fishees vared between study
sites. Human impacts dluding using destructive gears, osploitation and watergilution
are the main causes for the decline of fishems®urcesin general, dforestationdirectly or
indirectly impacs on the fishdiversity and fieries. For example,n Nam Xuan LadHSCA,
water pollution is caused byusing mosquito repellent, insectites, and herbicides by local
people and the treatment of wastewater from ore mines leads to a declisk stdcksThese
causes are aldound in oher sites in Vietham Tran andla, 2014.

Introduced animalssud asRhinogobius similisnd Gambusia affiis areabundantn the
study sites, which might impaoih theaquatic ecosysterand native specied.arson & Kim
2005, Larsoret al. 2009. Thus,further investigations need to be carded to understand the
impact of &otic specien native ecsystems.

However some villagersat Bac MeNR and Nam Xwan LacHSCA claim that the number
of stream ish species has increasedmpared to three to four yeaago thanks to positive
managementmeasures (banned electric stimulators, the transmission of fish resource

protection).

+ Preliminary assessment sustainable use of biological resources and evaluation of

biodiversity and coservaton values at regionalral site/protected area scale

Target species of conservatioim the study sitesfour species listed in the IUCN Red List
should be in priority tobe protected. They are Leptobotia elongata Cyprinus carpio
Pseudohemiculter gpar, Oreochromis mossambicusspecally, Rhinogobius lineatuat CR
level need tobe further studied.As mentioned previouslygcently the fisheries resources in

some study siteBaverecovereddue to the increase human awrenessOn theapproach by
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ecosystenservices, fishdiversity conservation should b ia context ofa relationshipwith
other aganisms ad in the whole ecosystem.

Priority sites of conservatiolAmong four study siteseveral sampling sites i@ham Chu NR
andBac Me NR shouldbe in priority ofconsrvaticn because vulnerable spees are mainly
reported from the twareas. In Bac Me NR, thesrvoir where provids a large proportion of
fishenesproductionshould be considerddr conservation.

+ Proposed reommendation for biodiversity consation and planning

Firstly, further identification ofunknown species should be done to have a full picture of
species composin of fish in the stidy sitesA better understanding of ichthyofaunahs first
step foranyconservation aspect

Next, workshops with local residents and ¢al authorites about fish diversity and fisheries
resouceswill increase theiawarenessfoconservationColor photos of fish in the study sites
with brief desciptions will beusefulfor local communities, @®cialy for students, who will

play an importan role in any conservation programs.

Furtherinvestigations intathe impacts of exotic fish spes on native ecosstems will be

importantto proposea suitable conservationanning.

Last, apdying remote sensingill take in advartage to hava map forconsevation.
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2.9 Publications and products

+ Nguyen Quang Huy, Nguyen HuDuc, Ta Thi Thuy, Tan Duc Hau (220). An overview of
gobyfish RhinogobiusGill, 1859 in ViethamProeedings oNatioral Conkrence orResource
and EnvironmenManagemergand Susdinable Development in NorthwteRegion, Vietnam,
pp.198-206.

+ Linh Manh Ha HauDuc Tran Nam Thanh Nguy® Thanh Trung TranThuy Thi Ta, Nga
Thi Nguyen Huy Quang Nguyerf2021). Lengh-weight relationship and calition factor of
Amur goby (Rhinogobiussimilis) from different aresa in Vietham Acta Zoologica Bilgarica

Accepted

+ Hau Duc Tan, Duc Huu Ngugn, Huong ThanhThi Dang Huy Quang NguyenNga Thi

Nguyen(2021).A New Specieof Eudiloglanis (Teleostei: Sisoridaefyom Viet Nam Acta

Zoologica Bulgaica SubmittedNovember 2021.

In preparation: Several papemwill be published using ntarialsfrom this report.

+ Lengthweight relatiorship, sexual dimorptsm, and conditiorfador of freshwateisleeper
Sineleotris namxamengi®dontobutidagfrom northernVietnam

+ Description of specimens of genBarazacco(Cypriniformes: Cyrinidae) fromnorthern
Vietnam.

+ New record®f RhinogobiusGill, 1859in Cham Chu antNam Xuan Lag Northern Vietnam

+ ldentificationof Neolissochilugollected frormatural eserves in arthern Vietnam.

+ Rhinogobiudrom notthem Vietnan: A reviev anddescription of a new spees.

+ First recods of ichthyofaunaand their distributionn Phia OaePhia Deén National Park,
northern Vietnam.

+ First records of ichthyofauna Mam Xuan LadHSCA, northern Vietnam.

+ First recor@d of ichthyofauna inCham Chu Nature Reservenorthern Vietnamand
conservarion aspects

+ Speies diversity and current stest of fisheies in Bac Me Nature Reserve notthern

Vietnam.
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+ Biological traits of introducedfish Gambusia affirs in four protected areasorthern

Vietham

3. EMPOWERM ENT OF YOUNG SCIENTISTS

3.1 Guiding principles for education and training

Key researclersin this projectare requiredto guide andrain young scientis nornkey
researchersas well asstudy he mountainus region of Norther Vietnam For example,We,
NEF, are expecting that sdcyoung scientistswill finish their dissertatiosipapers through
project particpation.We kindly reques all the key researchets report the progressf their

own research plawith name of each ymg scientistiad the title ¢ his/her research plan

Sevenyoung scientighave beennvolved inthis project one PhD,one BD studentiwo
Maser student and three undergradatestudens from Hanoi National University of Education
In order to strengthen the rpfessional capacityfor young researchers iichthyology in
Vietnam students were pacdpated in the field suweys, specimensvere examired in

laborabry anddata analysis for publication
3.2 Achievement of each young scientist

Chu Hoang NamJran Trung Thanh, Nguyen Tromdghia, experiaced learnig from the
field work to the lab, irtluding preparation, @ampling, presenation, icertification, preparimg

manusript used materials from the study site

Nguyen Quang Huy used the collection ofish from Tuyen Quang province for
morphologicalanalyses He successfully defendedthe bachelor thesis in 2020. He #&co-

autha of one paper anthreemanuscript.

+ Nguyen Quang Huy, Nguyen HuDuc, Ta Thi Thuy, Tan Duc Hau (20@). An overview of
goby fish RhinogobiusGill, 1859 in Vietram. Proeedings of NatiorlaCorference on
Resouce and EnvironmenManagementand Sustainabé Development in Northwes
Region, Vetnam, . 198-206.

+ Linh Manh Ha HauDuc Tran Nam Thanh NguyenThanh Trung TranThuy Thi Ta, Nga
Thi Nguyen Huy Quang Nuyen (2021). Lengthweight relationship and codition
factor of Amur goby (Rhinogolius simiis) from different ares in Vietham Acta

Zoologica Bulgarica Accepted
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+ Hau Duc Ten, Duc Huu NguyenHuong ThanhThi Dang Huy Quang NguyenNga Thi
Nguyen(2021). A New Specief Euchloglanis (Teleostei:Sisoridae)from Viet Nam
Acta Zoolgica Bulgarica Submitted

+ Huy Quarg Nguyen,Hau Dw Tran(2021). Lengthweight relatiorship, sexual dimorphism,
and condition factoof freshwatesleepeiSineleotris amxamensigOdontobutidagfrom

northernVietnam In preparation.

Vu Trung Hieuusedthe collestion of Rhinogobiusrom Bac Me, PhiaOacPhia Den and
Nam Xuan Lacasthe maimpart of material§or his bachelorthesis.He reporéd thegenetic
diversity of Rhinogobiuscollected from he alove areasHe obtined thebachelordegree in
2020.

Nguyen Le Hoai Thuong has used thecollection d Rhinogobius speimens from
northeasterrVietham for her master thesand itwas completa in the middle of 2022. Her

thesis will focus on morphomaéts,length weight relionship and condition factor.

Duong Thi Huwen will use the collection ofParazz&o speimens fromnortheastern
Vietnamfor herbachelorthesisand it isexpectedd be complete in theniddle of 202. Her

thesis will focus on morphmetrics, andtaxonomy.

NguyenMinh Thuywill use materialsof Gambusia affiniscollected from thestudy ste for

her bachelor thesis, fosing onlength weight relatiorfgp and condition factor
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4. APPENDICES

Appendix 1. Questionnaires for local residefs
(About exploitationand protection of fisheries in thresearchared)

(Fish Diversity and Consevation Status in Northern Vietnam Karst Habitats)

1. Economic-social conditions

Interviewe® s oriaidn

- Income from fishing activity (per trip:.............. , weekly:....yealy:............. )
- Income from other fisheridper trip............. , weekly:......... ,yearly:............. )
- Percentage of income frofishing........... %

2. Saus of exploitation and protction of fishery resources in the research area
2.1 Fishkery resource value
Usage of fish as daily food

- Fish consumed.........days/week

Price of fish commonly used in the region (commercial fish)

i Fish name Price/kg I Fish name Price/kg
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Fish from market

Swrce:AquacuIturJ 5] 0L T PSPPI S )
WA T (SPRICE ce v e s es oo s oo )
Product......kg/ week; Price........... i time

2.2 Current status of fisheriesesources

Conservation asps

- Do youknow any information about status of fisheries resources in the areares| ; Nol
- Any program fo conservation in the area? YesT ; NoT

- How often do corervation activities orgnize in the area?Yes| ; No [

Source of infromationworkshopl ; Medial ; local authorityl ; otherl

ADUNAaNt SPECIES IN tBEEA......ceie ettt e e e e e ettt e e e e m e e e e e s e e e s s e e nnnn

ReCeNtly BUNCLON SPECIES......ciiiiieeeeeeeeei e e e et e e e e e e e e e e e et s e s s s e s e s s s se s teeeeeeeeesennaan

2.3 Status of exploitationn fishers

Fishing
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- Habitats forfishing?
+ River:

+ Lake:

+ Reservoir

+ Stream:

+ Ponds:

+ Ricefield:

+ Others:

- Types offorests forfishing:

+ Evergreen and semidigltious broadeaved forests
+ Deciduous foests

+ Bamboo and palms

+ Coniferous forests

+ Open broadeaved forests

+ Scrub

- Season fishing:

- Fishing product........ kg/ trip

hours/trip; Fishing fregncy:........

dryT ; rainyi ;yearIyT

days/

week;

- Gears used in fishing: Electﬁshingi ; Gill nets| (size......); Fishingling ; Othersl G )

- Boat used in fishin@ , NoT

- Fishing purpse: food ; salel
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Information about reproduction

I Fish name Spawning time Spawning ground

4 Some possible causes to the fisheries resources
Water pollution| ; Overexploitationl ; Deforestatiorl ; Destructive geark ; Management ; Climat

changeT , Tourism activityT ; OtherT
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Appendix 2. List of fish in the four areas in northern Vietnam from 2018 to 2021

2.1.A completed list of fish collected in Clam Chu NR, Tuyen Quang Province

# Scientific name Vietnamese name PL | CD
l. CYPRINIFORMES B CaChép
1. Botiidae
1 | Leptobotia elongatéBleeker, 1870) CaCht h crgt L +
2. Cobitidae H ca Chtch
2 | Misgurnus anguillicaudatu@Cantor, 1842) C& CHEth bun +
3. Gastromyzontidae H Ca chch bam
3 | Liniparhomalopteracf. giangzhongnsis +
4. Nemacheilidae H CacChchsui
Schisturaspp. Ca CHth sui + +
4 | Traccatichthys taeniatu@®ellegrin & Chevey, 1936) Ca Chth ot +
5. Cyprinidae H CéaChép
5 | Barbodes semifasciolaty&unther, 1868) Cs8omglLong +
6 | Carassus auratugLinnaeus, 1758) CaDIEmd , L +
7 | Cyprinus carpidLinnaeus, 1758 Ca Chép +
8 | Garra orientalisNichols, 1925 cast mli +
9 | Neolissochilus bersa(Pellegrin & Chevey, 1936) | Ca Rai + +
10 | Osteochilus salsburylichols & Pope 1927 Ca OFm LHi +
6. Xenocyprididae
11 | Aphyocypris normalidlichols & Pope, 1927 CaDmsui ‘tnh € +
12 | Chanodichthy®rythropterugBasilewsky, 1855) CaThWw +
13| Culter flavipinnisTirant, 1883 Ca Ngao gu +
14 | Hemiculter leucisclus (Basilewsy, 1855) C8 M€ehng xa +
15 | Metzia formosa¢Oshima, 1920) camMy b +
16 | Opsariichthys minutublichols, 1926 Cg§ Ch'sng theg + +
17 | Pseudohemiculter dispdPetes, 1881) Ca DFu sbng mng +
18 | Sinibrama affinis (Vaillant, 1892) Ca Nh& +
19 | ToxebramisswinhonisGiinther, 1873 CaD¥u h b3g +
7. Acheilognathidae
20 | Acheilognathusp. CaThé be +
Acheilognathus tonkinens(¥aillant, 1892) CaThélke ‘tng-<€
21 | Rhodeusf. albomarginatus c§ .me
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22 | Rhodeus ocellatugner, 1866) C§ |, Br€th +
8. Gobionidae
23 | Gobiobotia meridionalihen & Cao, 1977 C§ , crau +
24 | Hemibarbuscf. umbrifer cs.cn +
25 | Hemibarbus mediu¥ue, 1995 Cs .ang +
26 | Placogobio bacmeeais Nguyen & Vo, 2001 C4& Thui + +
27 | Saurogobi dabryi Bleeker, 1871 C§.cn Lamh L +
28 | Squalidus argentatus(Sauvage & Dabry d(C § _ crirdag m) ng N
Thiersant, 1874)
Il. SILURIFORMES B C8 Da tr hrn
1. Bagridae HC8 Ltng
29 | HemibagruscentralusMai, 1978 C8&8 L timgbinig u +
30 | Hemibayrus puriradiatus(Vaillant, 1892) C§ " hge +
31 | Tachysurudulvidraco(Richardson, 1846) Cg8 B, Len +
32 | TachysurukyphusMai, 1978 Ca Mt tron +
33 | Tachysuruwirgatus (Oshima, 1926) Ca Mt +
2. Sisoridae H Ca Chién
34 | GlyptothoraxhonghesisLi, 1984 CaChiénsuiséng Hng| + +
3. Siluridae H Ca Nheo
35 | Pterocryptis cochinchinens({¥alenciennes, 1840) | Ca Théo +
36 | Silurus asotusinnaeus, 1758 Ca Nheo
lll. GOBI IFORMES B, Cab ng
1. Odontobutidae
37 | Sineledris namxamesis Chen & Kottelat, 2004 CaB ngnh + +
2. Gobiidae H Céab ngtrdag
38 | Rhinogobius duospiluderre, 1935) CaBngsui + +
39 | Rhinogobiushonghensi€hen, Yag & Chen, 899 | Ca B ng ke +
40 | Rhinogobius similisill, 1859 CaBnga L + +
41 | Rhinogobussp. + +
IV. SYNBRANCHIFORMES B, Ca Mang ligy
1. Mastacembelidae H Ca Ch4h sbng
42 | Mastacembelus armatijfsacepéde, 1800) C& CHhth sbng + +
V. ANABANTIFORMES B C§ ‘rng L
1. Osphronemidae Hcg Tag t €
43 | Macropodis opecularis (Linnaeus, 1758) C§ nuthmc +
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VI. CICHLIFORMES B, Carb phi
1. Cichlidae H Caro phi
44 | Oreochromis mossambic(Beters, 1852) CaRoph nL e
45 | Oreochromis niloticugLinnaeus, 1758) C4 RO phivaa +
VIl. CYPRINOD ONTIFO RMES B, Cabc fu
1. Poeciliidae H C§8 tni mu
46 | Gambusia affinigBaird & Girard, 1853) C8 I ni mu + +
VIll. BELONIFORMES B, Ca Nhai
1. Adrianichthyi dae H Ca Séc
47 | Oryzias pectoralifkoberts, 1998 Ca Soc vay nge + +
Total 20 | 44
2.2.A completed list of fish collected irBac Me NR, Ha Giang Province
i Scientific name Viethamese name | BM.1| BM.2
l. Cypriniformes B, ca4 Chép
1. Cobitidae H ca Chich
1 | MisgurnusanguillicaudatugCantor, 1842) C& CHEth bun + +
2. Gastromyzontidae H c& Chdch bam
2 | Liniparhomalopteracf. giongzhongensis + +
3. Nemacheilidae H caChdchsui
3 | Schisturaspp. Ca Chth sui + +
4. Cyprinidae H ca Chép
4 | Barbodes semifasciati&unther, 1868) C8 n,ng Lqg + +
5 | Cyprinus carpo (Linnaeus, 1758) Ca Chép + +
6 | Neolissochilus bena¢Pellegrin & Chevey, 1936 CaRai + +
7 | Onychostomgerlachi(Peters, 1881) Ca& Snh gai nh + +
8 | Onydostana lepturus(Ginther, 1896) Céa Phao +
9 | Osteochilus salsburyichols & Pope, 1927 Ca OFm LHi +
10 | Spinibarbus hollandDshima, 1919 Cg§ Chir'y L
5. Danionidae H ca Long tong
11 | Rasbora steinenNichols & Pope, 1927 camus c +
6. Xenayprididae H ca Nhang
12 | Hemiculter elongatuslguyen & Ngo, 2001 Cav(n dai
13 | Hemiculter leucisculugBasilewsky, 1853) Cg8 M€ehng X
14 | Megalobrama terminaligRichardson, 1846) CaVvn +
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15 | Megalobrama skolkovDybowski, 1872 cavin + +
16 | Metzia brmosagOshima 1920) camd bk +
17 | Opsariichthys minutu§iinther,1873 Céa Chadh€ ng + +
18 | ToxalramishoudemerPellegrin, 1932 CaADruh cao +
19 | Xenocypris davidBleeker, 1871 CaA Min +
7.Acheilognathidae H caThé be
20 | Rhodeus cellatus(Kner, 1866 C§ . B€hn +
8. Gobionidae
21 | Discogobio microstomg@Mai, 1978) CaBam s ng +
22 | Discogobiospp. +
23 | Microphysogobio elongatu¥ao & Yang, 1977) | Can_c L alahh +
24 | Placogobio bacmeensidguyen & Vo, 2001 CaThui +
25 | SaurogobiadabryiBleeker, 1871 C&.cn Lamh +
26 | Squalidus argentatugSauvage & Daory de| C § _ crirdag m) ng N
Thiersant 1874)
. Siluriformes B caNheo
1. Bargridae Hcg8 Litng
27 | Pseudobagrus vachelljRichardson1846) Ca Mfm + +
2. Sisordae H céa Chién
28 | Glyptothorax honghensls, 1984 Cé Chién songi” ng + +
3. Siluridae H ca Nheo
29 | Pterocryptissp. CaNip + +
4. Cranoglanididae H ca Nghh
30 | Cranoglanis henric{Vaillant, 1893) CaNgh h "nhe| +
I1l. Gobiiforme s B, caAB ng
1. Odontobutidae H cABngsui
31| Sineleotrisnamxanersis Chen& Kottelat, 2004 | Ca B ng sui + +
2. Gobiidae H caB ngtrdag
32 | Rhinogobius mekongianugPellegrin & Fang Ca B ng mékong N N
1940)
33 | Rhinogobiussimilis Gill, 1859 CaBng L 8§ + +
VI. Anabantiformes Bc§ rng L
1. Anabantidae H caro L' ng
34 | Anabas testudiney8loch, 1792) cs Rnig +
2. Osphronemidae Hcg§ tag t
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35 | Macropodusoperculais (Linnaeus, 1758) Cg§ nuthmc + +
3. Channidae H cachui

36 | Channa gachuéHamilton, 1822) Ca Chui + +
V. Cichliformes B card phi
1. Cichlidae H caro phi

37 | Oreochromis niloticugLinnaeus, 1758) C4 RO phivaa +
VI. Cyprinodontiformes Bc8 Ch®p
1. Poeciliidae H cAKhng ¢ €

38 | Gambusia affinigBaird & Girard, 1853) C8nimyi + +

Total 31 26

2.3.A completed list of fish collected inPhia Oac-Phia DenNP, Cao BangProvince

i Scientific name Vietnamese nane DO.1 | DO.2
l. Cypriniformes B, ca4 Chép
1. Gastromyzontidae H c& Chdch bam

L Liniparhomaloptera cf. +
giongzhorgersis

2 | Vanmanaia cf. caldwelli + +
2. Balitoridae H ca Chtch vay blag

3 | Beaufortia pingi(Fang, 1930) C& Bam khuyg pingi + +
3.Nemacheilidae H caChdkhsui

4 | Schisturaspp. Ca Chth sui + +
4. Cyprinidae H ca Chép

5 Barbodes senifasciolatus (Gunther,/|C8 n, ng Lo + +
1868)

6 | Carassius auratuflinnaeus, 1758) CADIEmdb |, L + +

7 | Cyprinus carpigLinnaeus,1758) Ca Chép + +

8 | Onychostoma gerlactiPetrs, 1881) Ca Snh gai nh +
5. Xenocyprididae H ca Nhang

9 | Parazacosp. Ca Chuon +
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6. Gobionidae H c &, cn
10 | Discogobio microstoméViai, 1978) Ca Bam sng +
11 | Discogobiospp. + +
12 | Hemibabuscf. umbrifer Cg§. aplhg shn +
II. Siluriformes B ca Nheo
1. Skoridae H c& Chién
13 | Euchiloglans sp. CaChienp m + +
2. Clariidae
14 | Clarias fuscugLacepedel803) Cg8 Tr° Len +
I1l. Gobiiformes B, caAB ng
1. Gobiidae H ca B ngtrdag
15 | Rhinogobius duospilugierre, 1935) CaBngsui + +
IV. Synbranchiformes B ca Mang liQn
1. Synbranchidae H L€hn
16 | Monopterus albuguiew, 1793 L€ehn ng h€ + +
V. Anabantiformes Bcg§g Rig L
1. Osphronemidae H catait ‘&g
r Macropodusopercularis (Linnaeus,, C&8 nut hgc +
1758)
2. Channidae H caChui
18 | Channa gahua(Hamilton, 1822) Ca (hanhd, c +
VI. Cyprinodontiformes Bc8 Ch®p r
1. Poeciliidae H cAKhng , ¢ €
19 Gambusia affinis (Bard & Girard,|C&8 | ni mu + +
1853)
Total 16 14
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2.4.A completed list of fish collected ifNam Xuan Lac HSCA, Bac Kan Province

I | Scientific name Vietnamese name NXL.1 | NXL.2
l. Cypriniformes B, ca Chép
1. Gastromyzontidae H ca Chch bam
1 | Liniparhomalopteracf. giongzhongensis
2 | Vanmaneniacf. caldwelli
2. Nemacheilidae H caChchsui
3 | Schitura spp. Cachthali + +
3. Cyprinidae H ca Chép
4 | Barbodes semifasciolat&unther, 1868) C8 g,tong + +
5 | Neolissotilus benas{Pellegrin &Chevey, 1936) | Ca Rai + +
6 | Neolissochilusp.(Nguyen& Doan,1969) + +
7 | Onychostoma gkachi (Petes, 1881) C4& Snh gai nh + +
8 | Onychostoma lepturu8oulenger, 1900) Cé& Phao +
4. Xenocyprididae H ca Nhang
9 | Opsariichthys minutublichols, 1926 C§&§ Chsng t h€
10 | Parazaccasp. Ca Chuon
5. Acheilognathidae
11 | Rhodeucellatus (Kner, 1866) C4B ‘€em chahn +
6. Gobionidae
12 | Discogobio microstoméMai, 1978) C4& Bam sng
13 | Placogobio bacmeensiéguyen & Vo, 2001 CaThui
. Siluriforme s B, ca Nheo
1. Bagridae Hcg8 Litng
14 | Hemibagrus pluriradiats (Vaillant, 1892) CalL ‘eng +
2. Sisoridae H ca Chién
15 Glyptothorax honghensiti, 1984 Ca Chién su song N N
H ng
3. Clariidae H CaTré
16 | Clarias fucugLacepéde, 1803) C8 Tr° Len +
I1l. Gobiiformes B, caAB ng
1. Gobiidae H CaB ng
17 Rhinogobius Ineaus Chen, Kottelat & Miller, N N

1999
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18 | Rhinogobiusp. CaBng L 8§ + +
IV. Synbranchiformes B ca Mang liq
1. Mastacembelidae H ca Chch song

19 | Mastacembelus armatut.acepede, 1800) C& CHth song + +
2. Synbrarnchidae H L@n

20 | Monoperus albusZuiew, 1793 L eHnrh g +
V. Anabantiformes B, Car 1 ng’
1. Osphronemidae Hcg Tag t €

21 | Macropodus opercularifLinnaeus, 1758) C§ éhcut hrg + +
2. Channidae H cacChu i

22 | Channa gachugHamilton, 1822 CaChandc +
VI. Cichliformes B ca Ro phi
1. Cichlidae H ca R0 phi

23 | Oreochromis niloticugLinnaeus, 1758) Ca R0 phi & +
VIl. Cyprinodontiformes B cACh®p g tn
1. Poeciliidae H cAKhng , ¢ €

24 | Gambusia affinig¢Baird & Girard, 1853) Cal nmu i +

Total 21 19
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Appendix 3. Photos of fish in the four prdected areas in northern Vietnam

3.1.Photosof all fish collected fronCham ChuNature Reseme, Tuyen QuandProvince

Leptobotia elongata Misgurnus anguillicaudatus

Liniparhomaloptera cf. giong=hongensis Schistura sp.

Traccatichthys taeniatus

Carassius auratus Cyprinus carpio

Garra orientalis Neolissochilus benasi

Osteochilus salsburyi Aphyocypris normalis
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Chanodichthys erythropterus Chanodichthys flavipinnis

Hemiculter leucisculus

Sinibrama affinis

Acheilognathus sp.

Rhodeus ct. albomarginatus Rhodeus ocellatus
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Gobiobotiameridionalis Hemibarbus cf. umbrifer
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Hemibarbus medius

Tachysurus kyphus

Tachysurus virgatus Glyptothorax honghensis




Pterocryptis cochinchinensis

Rhinogobius duospilus

Rhinogobius similis

Rhinogobius honghensis

Mastacembelus armatus

Rhinogobius sp.

Oreochromis niloticus
Oryzias pectoralis
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3.2.Photos 6 somefish collectedrom Bac Me Nature Reservida Giang Province

Cyprinus carpio Onychostoma gerlachi

Onychostoma lepturus Osteochilus salsburvi

Spinibarbus hollandi Rasbora steineri

Hemiculter elongatus Hemiculter leucisculus
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Metzia formosae Opsariichthys minutus

Toxabramis houdemeri

Placogobio bacmeensis

Discogobio sp.
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Cranoglanis henrici Sineleotris namxamensis

Rhinogobius similis

Anabas testudineus Macropodus opercularis

Channa gachua Oreochromis niloticus

Gambusia affinis
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3.3. Photos ofall fish collectedrom Phia Oad>hia Den National Park;ao Bang Province

Liniparhomaloptera cf. giong=hongensis

Schistura sp.

Carassius auratus Cyprinus carpio

Euchiloglanis sp.

Clarias fuscus Rhinogobius duospilus
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Macropodus opercularis

Channa gachua Gambusia affinis
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3.4. Photas of dl fish collected fom Nam Xuan LadHSCA, Bac Kan Province

Liniparhomaloptera cf. giongzhongensis Vanmanenia cf. caldwelli

Schisturasp.

Neolissochilus benasi

Onychostoma gerlachi Onychostoma lepturus
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Opsariichthys minutus Parazacco sp.

110



3 :g.{;’ A St
~ X

Q

Discogobio microstoma Hemibagrus pluriradiatus

Glyptothorax honghensis Clarias fuscus

Rhinogobius lineatus Rhinogobius sp. (Female)

Rhinogobius sp. (Male) Mastacembelus armatus

Oreochromis niloticus

Gambusia affinis
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Appendix 4. Sampling site and field work activities

4.1. Phota of all sanpling sitesin Cham ChuNR (Phu LuuandCao Duongcommune)
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4.2. Photos of all ampling sites irBac MeNR
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4.4. Photos of &l sampling sites ilNam Xuan LadHSCA
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