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Study on Endangered Mechanism of Batrachospermaceae
(Rhodophyta) Based on Environmental factors
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(School of Life Science, Shanxi Key Laboratory for Research and Development of Regional Plants, Shanxi University, Taiyuan
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Abstract: Batrachospermaceae is a family of freshwater red algae characterized by filamentous fronds, many species of which are
endangered due to the scarcity of their populations. This study applied a suite of analytical methods—including one-way ANOVA,
principal component analysis, random forest modeling, and multiple linear regression—to examine the environmental preferences of
Batrachospermaceae and compare them with those of two other common filamentous freshwater algal families, Zygnemataceae and
Cladophoraceae (green algae), with the aim of elucidating the mechanisms underlying the endangerment of Batrachospermaceae. The
results demonstrated that: (1) The distribution ranges of water temperature (WT), pH, dissolved oxygen (DO), specific conductivity
(SPC), total dissolved solids (TDS), salinity (SAL), NHa4"-N, total phosphorus (TP), and chemical oxygen demand (COD) in habitats
where Batrachospermaceae occurred were narrower than those of Zygnemataceae and Cladophoraceae, indicating that
Batrachospermaceae has lower environmental adaptability and stricter habitat requirements. (2) WT, TP, total nitrogen (TN), and COD
were identified as important environmental factors influencing the distribution of Batrachospermaceae. Compared with Zygnemataceae
and Cladophoraceae, Batrachospermaceae was influenced by a greater number of key environmental factors, suggesting that its growth
is subject to more constraints, which contributes to its endangered status. These findings provide a scientific basis for the conservation
and restoration of Batrachospermaceae.
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S48 5 o o [ 43 A 1) R Bk )& Batrachospermum Roth, 1797, A&#¥ 3 )& Kumanoa Entwisle & al., 2009

F175 4775 )8 Sheathia Salomaki & M.L.Vis, 2014 =AM BB R R, #EREE. FHMHEE. KSE
B R SR PR IR TR R L B 4 A7 ) B B BRI, Yang et al. X AR B AR 1 b EE 43 A AR 5 A
THAT T o0 0T, &5 BRI WZETEEE X 0 RS T 22 AR SFRANRE. FSE. &
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W KR TR pH S 5 AR 38 43 A (1) 5 BB R 7112, Qiu et al. JE i 3V i 3 AT I HE B
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eI B 2 A,
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Hr B BRERHE A WS L], U4 I ) L OR3P SR IS S L B A HE o
1 MRS
11 EHHSER

AT R R S S B WE 1.

1.2 MEHERER AT

HoF S RE SR B AT B AE SR, KR (WT) | pH . #fE% (DO) . B§ZE (SPC) .
WAt B E A (TDS) « #:FF (SAL) f# /] YSI ProPlus (YSI Ins, Yellow Springs, OH, USA) 3%l
B RA—EMA (50cmx50cm) (R PIREAE AT T B, 3oy 25 A/, A& TR
10cmx10cm. 1 43 b 5 5 A S X 4 /N P i 90 2 B I 78 5 T AR P | 2 LU Al L U o, SRS S 4 3B /N 1
Hgs Rt irgiitfa, WIL-FHEe v,

BB R %, WECAE (TND .« ZE (NHa-ND o BB (TP Ak FHAE R (CoD) ,
TN DB I 57 5 40014 08 8 410 4 6 0 BE VR MIA51041, NHA*-N BAGH BGAR A 20 6 6 B i 45081, TP DUAH R 4%
SN FE IS, COD DA A% B A0 ik il #5171,

1.3 HRA*

131 BREGTEMT OO HRHEEEE S A GraphPad Prism 9.5 # {1, WT. pH. DO. SPC.
TDS. SAL. TN. NHs*-N. TP 1 COD + M HE FAENF B &, HERER. BURERNRIEERHE
NEAE, HHATRRERTESHRARN S ERGILE, RGP ESERCHNEREENE. FIH
BPLERI 2R 7 25 43 M AT S0 7 B — BRI DR 0 AN R RE A B T 2 1 S S SRR

1.3.2 EFRASH DB ERER DR ERPANIEERSN &, DS EIE a5, A Origin Pro
2022b #EAT EBST HT PCADL,

1.3.3 BEVLARMARR] DL EREARL. SUREAIMNIEEE NS R, IIASEEEE MiglR, T R &S #H4T
BEMLARMAL L 23 bT o I F BEATLAR AR AT DL S = Rb o3 245 RIREE R 7 E T HE T, 07 i Y B B3R
Bi oL,

1.3.4 ZRMHEE UESHEENRTE, HEHEIENEEE, FA SPSS Statistics 27.0 #1, 47T
Z IR, TGN EE S E SRRE T ZMPLERR, HEEHRETSHEE o EE
PR X B R
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Bl RE RN BEBEEHEM R 7 T AR R Z R, FEMAIE WT. pH. DO, SPC. TDS.
SAL. NH4*-N. TP fl COD. M WT iR E, HERER LOUE BRI IR BERA /N, BERERT
BREMREEHEME. M pH M ATEERE, o EREA L OUR SRV NI SR N, 5 Bk R i
KAYH 2 L XUE R I/ MEIE /N . DO SRE, 5 Bk BRI 4 A Y B b SUR SRR B SRR /N, B
BREERHE B R E L E ARG . M SPC. TDS #1 SAL K&, 5 Bk BRI 40 46 Y8 Bl b SUR SRR &
FRME, B ERERHG B MER TR ER NI BRI /AME . I NHa™-N RE, 3 BRERH /A va
U BRI NI B R /N, BB EREERL NHa =N B /N T SUR SRR B E AR KME. M TP
F o R ERERII 4 A7 G LG SUR SRR AR SRR DS, 5 ER R S KA /N T U SRR B AR
KAH. M COD RE, HEREERLII oAV B L SUR SRR B RN, I B BR R i KN T W
EEEMRIE B B NME . SRS PT, B BREE AR R 0 A 5 FE N T SUR SRR B R

K H GraphPad Prism 9.5 R 4F X & FHO IR R BB AT B IR R T Z 0, T LLE B = ANRIR S HEE
th, pH. TN fll COD H.f & 35 1t 72 G MRARMIRR. 47 2 @ W R BL, 88 BRERHK pH 1 COD & 31
TR BRI AN BER, TN B& 5 TRIBER
2.2 ARIMEERFHEEMESH

BT RIET X B ERER DR RPN R AR T AT E R, &R WE 2 Bk, W]
DLE W, 55— MR = E0 TTEE 2 Fik 66.2%, REMSIRITF I S Bt = ANl 2 18] 1 B 4 15 700 .
TEERLSY B, A BR R . I56 R RS ) AR AT I IR BE BRI, A RIBE R R /N AR B R /N (1 AR
SHAHESE ., WNERATLLE N, SERERNR ISR R, DEERRNIE R MR ISR R E, B
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Tab. 1 Sampling collection information of this study

4 FEAR 5 KRR [A] SRR b BL
kR YQ1 2023 4 4 A 1L PE4 PR R T 37.96N, 113.89E
Batrachospermaceae YQ2 2023 £ 4 A WL P64 BH SR T 37.96N, 113.89E
YQ3 2023 44 A L PE4 PR R T 37.96N, 113.89F
YQ4 2023 4F 4 A WLy P 44 BE SR T 37.96N, 113.89E
IN1 2023 £ 6 H IR B Tl 36.66N, 117.01F
IN2 2023 £ 6 A WWRA G 36.66N, 117.01E
cz1 2023 49 A IFEE KIE T 36.37N, 113.39F
cz1 2023 4E 9 A WP KIE T 36.37N, 113.39E
LF1 2023 4£ 10 H 11 PG 4 W 4y T 36.28N, 111.75F
LF2 2023 410 A WL PG 44 i v T 36.28N, 111.75E
Sz 2023 4£ 10 H Ll PG 45 g N T 39.38N, 112.56F
TY 2023 4F 10 H IRy N 37.71N, 112.43<E
XUE # 5} Zygnemataceae YQ1 2023 4 4 A 1L PE 4 PR R T 37.96N, 113.89E
YQ2 2023 F 4 A WLy P44 BE SR T 37.96N, 113.89E
YQ3 2023 £ 4 A Ll P44 BA SR T 37.96N, 113.89F
BD 202344 A AL R E T 38.95N, 11598
RQ 20234 A WAL B A T 38.89N, 116.05F
IN1 2023 £ 6 H WWARA G 36.66N, 117.01F
IN2 2023 46 A WWRA G 36.66N, 117.01E
LF 2023 47 A I Iy 1 36.28N, 111.75E
TY1 20234E 7 A L7 4 AR T 36.66N, 117.01E
TY2 2023 4E 7 A IIVIE=p N4 36.66N, 117.01F
LS 202347 A [EAEREIEE AT ] 30.61N, 91.59F
TY3 2023 £ 8 A IIVIE=p N4 36.66N, 117.01F
Sy 2023 £ 10 A ST NN e 42.73N, 123.32E
Sz 2023 4£ 10 H Ll PG48 N T 39.38N, 112.56F
TY4 2023 £ 10 A LG4 AR T 37.71N, 112.43E
W& %l Cladophpraceae YQ 20234 A 1L 7544 BE SR T 37.96N, 113.89F
BD 202344 A AL R E T 38.95N, 11598
IN1 2023 45 A WRA BT 35.10N, 116.72<F
IN2 202345 A WRA G 35.10N, 116.72<E
TY1 2023 45 A IRy N 37.73N, 112.54F
IN1 2023 46 A IRA G 36.66N, 117.01E
IN2 2023 4£ 6 H W ARB BT 36.66N, 117.01F
LF1 2023 4E 7 A WL PG48 I vy T 36.28N, 111.75E
TY2 202347 A TRy N 36.66N, 117.01FE
TY3 2023 4E 7 A IRy N 36.66N, 117.01F
TY4 202348 A IRy N 37.86N, 112.56F
TY5 2023 49 A IRy N 37.89N, 112.53F
TY6 202349 A IRy N 37.89N, 112.53F
TY7 2023 49 A IRy N 37.89N, 112.53F
cz1 202349 A WG KIE T 36.37N, 113.39F
cz2 2023 49 A IINE=R SR 36.37N, 113.39F
Cz3 202349 A WG KIE T 36.37N, 113.39F
LF2 2023 4210 H WL PG 44 I vy T 36.29N, 111.74<E
HRB1 2023 410 A BRITLA W R T 45.95N, 126.72E
cc 2023 4210 H HHEKET 43.79N, 12545
53 2023 £ 10 H ST NN e 42.74N, 123.32E
WH1 2023 =11 H e T 30.54N, 114.39F
WH2 2023 £ 11 H AL i 30.54N, 114.39F
3 2023 12 H TP ST 29.24N, 116.21F
YY 2023 £ 12 H 1R B A T 29.37N, 113.08<E
YX 2023 12 H =E KB 24.61N, 102.84F
KM 2023 4 12 H A R 24.96N, 102.64F

NT R AR Z IR RE X 2R as R EEEHET, R R &S 5T RHSRSE 5w 347 B L
MM, ERWE 3 AR, AR, COD RS RZ 4K R EENSERT, Lk
DO. pH F1 TN, TP. WT. NH4*-N. SPC. TDS 1 SAL thismytop2Ras R, HRE R EE/EH.
2.3 ZENREEFHARLHEE I LEENZ SR

NT BRI T 5] e AL S BRI LA, X 10 ANIREE A T iEAT Pearson AHSG 4
BT, G545 BEHLAR PR 5 0 HE P AAH ¢ R A E AT R, 24P N IR BE IR 7 4 9% R X {H | >0.8
BF, B B B HE Y S R A R A, Sl ik, mARE T 6 MIREMEIE . EHEIUX 6
ANBYEAN G 4 L A B R, 3T . B =ANBHOHIEE £ S N SPSS Statistics 27.0 # 4,
VLE s AR NI AR R, 6 MR TN AZE, T2 ngmE, B2 E 4 i R
A, gifimk 2 .
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Fig.1 Distribution range of environmental data of Batrachospermaceae, Zygnemataceae
and Cladophpraceae and One-way ANOVA results

ALUEH, BERERHNRBIR AR H 4 &5 E=-0.657-0.045*WT + 0.174*pH + 0.023*SPC +
0.019*TN-7.453*TP + 0.104*COD, #% R2 g4 0.875, =¥%E WT. pH. SPC. TN. TP f1 COD #J |
fERE 43 L35 BE 87.5% M ARMLIR A . D-W H ST 2 M, VLB RIATEE BAH G, FEA%EE 2 1)
FFRARBR R, BRI . MERET F AR, SRS F /L (F=5.807, p=0.036<0.05) ,
VLB WT. pH. SPC. TN. TP #1 COD HZ /b —Iiasf | 4 e ai FE = AR g ok &R . Hoh WT iEIH R
{1 -0.045 (1=-2.798, p=0.038<0.05) , EWkH WT &Xf {0 tb B A B HE WM AFIR R TN
B R H R 3E N 0.019 (1=3.823, p=0.012<0.05) , EMk#H TN £ 7 4 b 55 B 7 A 18 35 A0 I v B2 i
Z. TP (B84 R H{H N-7.453 (1=-3.018, p=0.029<0.05) , FUKE TP L% [ 4 bbb B 72 A B 35 1) )
MR, COD [/H A R E0E 2 0.104 (1=3.448, p=0.018<0.05) , EMK#E COD X H 4L E 4
BERIEREISE R, BEHATE, TN M COD 24 2y b3 74 B i IE A >5 &, WT Al
TP &4 H /b5 PR B A ML R, (B2 pH I SPC HFARESX H o th s E A B . XU



BB AR, T4 5 =-0.660-0.004*WT + 0.198*pH + 0.121*SPC-0.006*TN + 0.141*TP-
0.017*COD, #i% R2{ 4 0.319, ZEWk#E WT. pH. SPC. TN. TP Ml COD ] LLM#RE 4 tb % /% 31.9%
HIARAL R R . D-W TR 2 FiT, ULOAIBEUAAEAE EAHOGHE, FEAREUR 2 M IS A RBER R, A
B, WEAIRHT FARIR R, BAREHEEY F LK (F=0.625, p=0.708>0.05) , Ui#§ WT. pH.
SPC. TN. TP f1 COD A&t B oy thmi fE = A B iem . NIBERHRI AN B4t fE=2.973
+0.028*WT-0.340*pH-0.305*SPC-0.001*TN-0.074*TP + 0.004*COD, 1% R2 &4 0.282, HWkE WT.
pH. SPC. TN. TP £l COD #J LAfi## & /3 L 36 & 28.2% 5L R (K . D-W {HEH T 2 BT, d WA
AAETE AR, BEABURE 2 MIFEA RS R, BAIRF, WRERHHT F RS R, BANEH®T F
Ko (F=1.312, p=0.297>0.05) , #M8 WT. pH. SPC. TN. TP fl COD A& i 4 bh i B =4 B 3%
AR
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Fig. 2 Results of Principal Component Analysis between families of Batrachospermaceae, Zygnemataceae and Cladophpraceae
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Fig. 3 Importance ranking of environmental data for Random Forest Modeling of Batrachospermaceae, Zygnemataceae and
Cladophpraceae
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BEARLRINIEER WU ZAHEY P BOE RS . BEE IS Qe & R R R E, &
HIVAESRIR, i EHAERGE . M AESEEDRE, Gl T RERERF 2 MR THERE. N
WRAERE, KR (WT) o B8 (TP)  BE (TN) AL AR (COD) #B &R 5 Bk AL o A
M EEABF R, SXOEERARIEERAAL, HEERERETZ, WHELEREREDZIELZRR
I SE R R £ PREEE MVESS I B Akl R R 2, RS B0 BRI A WG ) B R A

2 ZEIFEEN PO R EREERL . XU SRR B R 4 L 5 R
Tab. 2 Results of Multiple Linear Regression of environmental factors of Batrachospermaceae, Zygnemataceae and

Cladophpraceae
4 B t P VIF
A 2R R L -0.657 -0.718 0.505
Batrachospermaceac WT -0.045 -2.798 0.038* 2.649
pH 0.174 1.536 0.185 2.068
SPC 0.023 0.244 0.817 1.902
TN 0.019 3.823 0.012* 2.545
TP -7.453 -3.018 0.029* 3294
COD 0.104 3.448 0.018* 2.132
R? 0.875
F F (6,5)=5.807, p=0.036
D-W 2595
zy;‘ﬁi*ijjeae W -0.660 -0.137 0.894
wT -0.004 -0.171 0.869 2.076
pH 0.198 0.363 0.726 4,620
SPC 0.121 0.377 0.716 1.920
™ -0.006 -0.135 0.896 3.826
TP 0.141 0.255 0.805 2.198
coD -0.017 -1.127 0.292 3.463
R? 0.319
F F (6,8)=0.625, p=0.708
D-W {§ 1.702
Clﬂﬁﬁﬁm WM 2.973 2.109 0.048
wWT 0.028 1.406 0.175 3.246
pH -0.340 -1.930 0.068 2550
SPC -0.305 -1.214 0.239 3.436
™ -0.001 -0.039 0.969 3.720
TP -0.074 -0.145 0.886 1.660
cob 0.004 0.240 0.813 3.887
R?2 0.282
F F (6,20)=1.312, p=0.297
D-W {4 2.663

AR & F4r R, * P<0.05 ** P<0.01

o Bk RME ) A KA BGE IS ORI, WK BERR R, WRF R4S BE, B ERERKE M A5
Y 13.5-19°C, /NTXUEEERIANIEERHE 8.6-28.4°CHI 8.7-28.4°C., {E—EEE M, BEL&/KEM L
Tt DA AEIRAE SR T e m, A REER A K. AT, MK e REN,
AR R Z BHH . & E RKIEA B TP sy AR B FR T e, AT 3G A ) ) AR ) R
PEo B, AKX A BREERHO R 2 T ), AR A BRI AN O A 5 A A7 5 DT TH A

HREYEKIEPATEBREFR TR —, WEANEK., BHESREEZEEH. ARG R
F, PERERLAHER AT VU 0.004-0.06mg/L, /N TR FEERNRINIE B R 0.004-1.003mg/L Al
0.004-0.748mg/L. 7ERES BIEE F/KAEY, EWEEE RS RIRI AR TR, (SR AKMERN, 2K
PR B S KR, P AR S BTN B, S maAE A B AR AR RN R B RS, I K A s
i, nICLRR T AR R R EEA I A KR BRI KA BT AR A, VAR S ORI IR B R B R AL R 2 K R



R R A BT IR LAV 2 40 AR dr s 3l 7 O BE AL B 2 TRIFE AT RS, MWFFias R
F, BEREALES RV EE 0.83-22.27 mo/L, T XU BRI NIE BRHK) 0.475-12.87 mg/L AN
0.051-12.64 mg/L. {EJE, XA—ERESNIZ NI Jrir SLILIR, AT 82 A Bk AHE AL (L AR BF R I
B3 I VA o /AR A1 B oA PR £ B a1 - 8 5/ = N = i ey [V 1 R D B/ 5 e N G O 2 11
FERARIRZK) AN, SEUKEMEAEEMmS . MRRTHASEASTEEEN, W LUmPREN ALK
ARG, WRER PSR S B, Y A RERKITE KT, W& 5K R EE
t, WTRESBUS A MKAEAS REEWR SR, EVZFEERER. WEPREE, XA R R0 &8 2k
BEMRERG S AR KOO ZE . TR, EHRIBRTHEEASE, bKEEERNL, RAEFKELS RS
RRANRSRE H) B B 2

Mo i SRR T RO A A WL TS AR B A b, T DA MK AR RO SR M I ) 5 B,
AT & RLBRERARARE. )\ B GE R, BRI AR AL T R I 4 A T 2 1.082-4.417
mg/L, /N F IR AR B ARG 1.799-39.3 mg/L il 1.07-22 mg/L. 4425 7 AR A5 T 1] Ak Sk K Ak
WAEE R Z A B A H0, E SR AR, X L) AT R R 0 A B Sl A A R
ARG AR . R PR A S . A R R E B A K AR 22 T AR R, AR KRR R
Fetk e AT P LIER AR AAES RGERIAE, T E s KRG 2 7 AR R A6, AL
W HE BRI B

PEAA SR SCHRARIE , ST SR UG X T W0 i 23 A7 [RI A B A B S A o i (293 %o T A PR R 2R
M5, EMMARAHAZERLN L. AN E Y, EEAFBE A LREMRA TR =D EEH
Hor 2 54 AR T AR BOE X550, (B2, BT AR FIRAHE, HEKEKRS R
gigr, HEMSERCAEIE R . R, RRE R B SO IR ] TR A BRI R A e X T
BUR AR RBEM S, ST BRI W R EAE R e s R B, mEa M AEES AR
2%, WRBIB THRIIER. SGEULETRIREFZ BB, XHTRIBEA SR S, EI7EE A
FHHT 48 B i sl 7 TR AT A 2 0 2R, Rl (A F 0z v A MR R AT T Ak BB . ARXS T, XUR AR
W B B R S T T R B ) 2% R D, RSRE B s, TR A B )2

L5 ERnA, FEHIE B BRERHE Y H IR SRIE I, T E e 0 H BB R E A, mBOE A K
RIS, LA E R B R T SR ORI X LR BT, (R B R B ) A SR TE Sl I L X T, €
SUTR A0 S 3 A ST AL 5 BEAT MU AN PG B DR IL AR S IA ST o B AR E
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