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Abstract

Chemical water quality suitability for species (Ephemera strigata, Ephemera separigata, and Ephemera
orientalis-sachalinensis group) of the mayfly genus Ephemera (Order Ephemeroptera) was analyzed with
probability distribution models (Exponential, Normal, Lognormal, Logistic, Weibull, Gamma, Beta, Gumbel).
Data was collected from 23,957 sampling units of 6,664 sites in Korea from 2010 to 2021. E.
orientalis-sachalinensis occurred at the range of BODs 0.3~11.1 mg/L (the best-fit Lognormal model); T-P
0.007~0.769 mg/L (the Gumbel model); TSS 0.4~142.2 mg/L (the Lognormal model). E. strigata occurred at
the range of BODs 0.4~7.4 mg/L (the Gumbel model); T-P 0.007~0.254 mg/L (the Lognormal model); TSS
0.4~17.1 mg/L (the Lognormal model). E. separigata occurred at the range of BODs 0.4~2.6 mg/L (the
R-Weibull model); T-P 0.007~0.134 mg/L (the Lognormal model); TSS 0.7~10.0 mg/L (the Lognormal
model). Habitat suitability range of E. orientalis-sachalinensis was estimated to be 0.4~1.9 mg/L (BODs),
0.024~0.086 mg/L (T-P), 2.5~22.4 mg/L (TSS); that of E. strigata was 0.4~0.7 mg/L (BODs), 0.007~0.018
mg/L (T-P), 0.0~1.7 mg/L (TSS); that of E. separigata was 0.0~0.4 mg/L (BODs), 0.000~0.015 mg/L (T-P),
0.5~3.1 mg/L (TSS). In a relative comparision, E. orientalis-sachalinensis was estimated to be eurysaprobic,
and narrowly adapted in high levels of T-P and TSS, E. strigata was estimated to be oligosaprobic and
adapted in low levels of T-P and TSS, and E. separigata was estimated to be stenooligosaprobic and widely
adapted in low level of T-P and TSS.

Key words : Chemical water quality, Ephemera, Eurysaprobic, Habitat suitability index, Oligosaprobic,
Stenooligosaprobic

* 2 AFE (Master student), jjun0491@nate.com, http://orcid.org/0009-0005-8866-0971
® Corresponding author, X5*(Professor), dskong@kgu.ac.kr, http:/orcid.org/0000-0001-8438-3229

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Journal of Korean Society on Water Environment, Vol. 39, No. 6, 2023



476 gs=-

1. Introduction

SOl T SFFAOE(Ephemera)s U9 TS SF
dojuf ZeA ujg FHSA BExste AAY HIFHF

Eol™(Lee et al.,, 1995) BFFFANE. orientalis), A&
SHEAO(E. sachalinensis), TS FAC|(E. strigata), 7}
T FAAONE. separigata)’t 7155 UATH(Bae, 1995;
Hwang, 2007). ©°|E3% #dAste G&FA F8AAA 74
shFaolot FEHFAol] EE(Lee et al, 1995), Aot
Ao AHAF FAZLST BEPark et al, 1997), At
AN ZheFHstdol g FoatRaole &9 A%
A BEArKLee et al, 1999), &LstFAo]e P (Lee et
al,, 2008), PIEZEg o} COl F8A4Y] E714E #H& &
S BRIA A7 2 A= o A5 H(Hwang et al,
2013), FELEFFE o] &3 A9 A=of ek 22X
TAl(Kong and Kang, 2023) ¥ &4 w|Ah X digh
E XA (Kong and Song, 2023)°l thgt A+7F AP At

FU Y & FAZFT BEFT Hste stRAo|&e ts
AT HnF gol] o]FAFHTGL T & oy Ik AT
T2 EF Y 2y IEFA S A B Ao
fow o5 ety £F 8]l g AT v Fsith @
A7A sHEAol& A ATFATFRE FYFAolE ¥
A f&o] =g o] Rejut E(gravel) € 71 ER
TAE FZo] Y2 ZolA Edst(Hwang et al, 2013),
At st4dol s v ARG sHF9 BA sk 25}
™ (Hwang et al., 2003; Tshernova, 1973), 5 3lF4o]<} 7h
EFHs Aol HuA F&o] ¥al £HA SR T
A AR SHANA Ed(Hwang et al, 2013)8t= Aoz &

24 oy olgd A= FHHL FEAA =2E Al

or e ooft

o

T FUY AFHA WA A
A 259 ARS WOz olS )
g3

)
i
oo o

o 4o BN 10 off ) O ¥

R -y %E
2 #gstel FPAoR ¥ Aolth AHAY Ahg

A tHKim et al., 2018).

A& GEEY B2 SEEE Ve E o o]l #
Aol Hlgte] FF Q1Y BE gl st 2R EHE
e QSR AT F YL AAA AFEE FE7|T
o] gpaeg AT F Avke HolA oldo] Ath(Kong

and Kang, 2023). oA AXY diFEHF5EY 35
A& BAT o] SEEXEYP] FHEH AHHE 2AMH
A-Z5 P4 1A (Kong and Kim, 2015)F 223 x2)x]
AgE AF 4PP(Kim and Kong, 2018; Kong and Kim,
2017)°] Aoyt G AFA HEH REERF LS HolEE
F Y (Weibull distribution model)oll =38 Aot} A=
o Kong and Kang (2023) 2 Kong and Song (2023)< 35

B2 S EE|X| M39A H65, 2023

ol& ) BRZE NEsh BelH vlaAAHe] BF A
47 AP 2AA OIS FEVEFFE 8T 24
g Ao s fARel U@ SFols ) &
e A4A APE BHS B AT Agolth £ @
T AR S3y BFagle] FRME BFRZY MY
Aol oW GG MALA sefehin AAAERA B
829 + 98 Aoz vuay

2. Materials and Methods

21 A2 £

£ ATel o83 ARE IFEBFATLRY IF
7 eAuAe WAL GE% eAEC10~ 12,
o “BAAN T PIFE AT D A AHC14Y, BER- -
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Aol e FAHA W5 2AC18~20)7, FYBE A
A9 “4E2PY 2UHY 2 BIE ATATCL7
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2.3 SHEN
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mass function)= 2] 53 ZTh 4] 5004 WA FF7A
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2 dAFoA HES FERIEYL Kong and Kang
(2023)%] ATellA 2GR uvpel 2ol JAgs TS 2 <)
A} A48 E(Exponential distribution), 212} ZHEE[F &
X (Normal distribution), Z A28 & ¥ (Logistic distribution),
=¥ B ¥ (Gumbel distribution)], X #& TS 3 AR &
¥[8 TFE ¥ (Lognormal distribution), o] E-2¥(Weibull
distribution), ZvHE¥(Gamma distribution)], <13 £
QF 4 A} WEFHE¥(Beta distribution)Z 87 FFolJoH,
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E X))o A= F2H E(negatively skewed distribution)2]
e g AEE EY(reversed distribution type)°] F7+
= SATH(Table 1).
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9 FYgdo] 0 o)<l
Pt FAF FFE FEATHTable 1).
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Fig. 1. Distribution type of aquatic organisms according to environmental factors; (a) with dummy, (b) shifted.

Table 1. Probability density function (PDF), cumulative distribution function (CDF), mode, mean, and variance according to

the environmental variables ()

Type 1.1.1
2€(0,0), a>0

Type 1.1.2

wE(fa,OO), a<0

CDF —Aeta)
1761 , (y:1*e_M 176*/\(1“#&)
Exponential o
distribution ~ PDF Ae Mo ta) oA ta)
(Type 1.1) 1—a
Mode 0 —a
Mean 1/\ 1/X—a
Variance 1/22 1/32
Type 1.2.1 Type 1.2.2
z€(0,a), a>0 2E(—o0,a)
CDF 1 —Ma—=z) _ — —Aa —Aa—2z)
Reversed 1—a [e a] a=e ¢
exponential  ppp A
. . —Ma—2) —Aa—z
distribution 1—af A~ Mamo)
T 1.2
(Type 1.2) Mode a a
Mean a/(1—a)—1/\ a—1/\
Variance /X —ad?/(1—a)? /3
Type 2.1 Type 2.2
zE(0,00) ze(foo oo)
CDF ! Zerfe|— L )—a
1—a|2 20 1 T—
1 Eerfc — 7
a= Eerfc( " a
Normal 20
distribution ~ PDF 1 1 - L( T—p )" 1 -i ( z—p )
2 o 2 o
(Type 2) 1—a varo Varo©
Mode I 1
Mean e~ (nla)/2
—+ s -
pté € 1—c) Vom Iz
Variance o —€(u+¢) o2
Type 3.1.1 Type 3.1.2
2€(0,0), a>0 zE(—a,0), a<0
CDF 1 lerfc{f ln(era)—u}ia
L'ogl"lor'rflal 1—a |2 V2o 1 In(z+a)—p
distribution —erfc|—————
1 Ina—p 2 VoY
(Type 3.1) a= Eerfc fﬁ
PDF 11 { ln(w+a)*u} 1 _lflG—a)—p
———erfc|—-——— e -
a2 V2o Vero(a—a)
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2

Mode Sy ST g
Mean pto’/2 _
Lognormal (r/;)e ¢ ehtolr_g
e n =erfe(B), B=(Ina—p)/(v20)
distribution ”
7, =erfc(—a/ V2)
(Type 3.1)
Variance 2nte’ (7'3/71)60-*(72/71)2} 2 "
T, = erfc(B— v20) (7 —1)et7
Type 3.2.1 Type 3.2.2
Reversed z€(0,a), a>0 zE(—o0,a)
lognormal ~ CDF L[ s [inla=z)=p]
distribution 1—al2 V2o 1flerfc B ln(a,x),u}
(Type 3.2) e lerfc Ina—p 2 V2o
2 \/50’
1{In(a—z)—p|? 1[In(a—z)—
PF L j[eema L pfee]
1—-a)V2rola—z) V2rola—z)
M _ p-a’ _ p—c
Reversed ode a—e a—e
lognormal Mean a— (72/7-1)3“”2/2
distribution 7. =erfc(B), A= (u—1Ina)/( V20) _pto2
(Type 3.2) 7, =erfc(B+a/V2)
Variance /)"~ (/| (e
T, = erfc([3+ \/50)
Type 4.1 Type 4.2
2€(0,0) 2E (— 00,00)
CDF 1 1 a
11—« 1+6_(‘T_“)/S 1
1 4o G-nls
a=
1+et/s
LOgiStiC PDF 1 e (z—p)/s e (z—p)/s
distribution 1—a s[1+e’(““>/s}2 s[1+ef(“”‘)/s 2
(Type 4)
Mode I I
Mean ptsg
_ Ina _p I
a—1 s
Variance 2 /3 — a
SZ(LZ/S T*§2), T= / In? ! dt $*n/3
11—« 0 1—t
Type 5.1.1 Type 5.1.2
:CE(U,OO), a>0 ZE(*a,OO), a<0
CDF _(zta) (o) rtal
1—%& A ),a:e (A) 1_67(7)
PDF iﬁ(m+a)kilef($)‘ E(I+a)k—lei($)ﬁ
Weibull aAl A ALA
distribution ~ Mode ( k—1 )1/ k ( k—1 )1/ k
A —— —a A —— —a
(Type 5.1) k k
Mean

& =I1+1/k (a/N)] )\%*a

I': upper incomplete gamma function

MN(1+1/k)—a

Variance ( A )2 (o, —€)
o N{(1+2/k) — M1+ 1/K)]?}
& = I'l1+2/k, (a/3)]

Type 5.2.1 Type 5.2.2

z=(0,a), a>0 zE(—00,a)

CDF —[la—az)/A]" _ . \

€ a7 afe*(u/)\) e—[(a—z)/)\]

11—«
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PDF 1 E(G_I)k71 7(&;1. )‘ E(a_x)k,l (a;d. )A
T—aal a ¢ A ¢
Mode k—1\Vk k*l)l/k
a—A T) a*)\(T
Reversed
Weibull ~ Mean —Alﬁ
distribution @ . a—AI(1+1/k)
(Type 5.2) & =I(1+1/k)— T[1+1/k (a/))"]
I': upper incomplete gamma function
Variance ( A\
— | [l-a)§—§ ; f
=g (006 4] {1 +2/k) — [0+ 1/R)P)
& =I(1+2/k)— I{1+2/k,(a/))*]
Type 6.1.1 Type 6.1.2
2E(0,0), a>0 zE(—a,0), a<0
CDF 1 [ 1 (k ac+a)7 }
11—« F(k)7 ) @ 1 (k w+a)
M \" o

o= m e 5]

Gamma PDF 1 o Iol R
distribution 1—a [(k)¢* (@+a)" e (k)6 (@+a) e
Type 6.1
(Iype 6D\ jode (k—1)8—a (k—1)8—a

Mean 05 —a
& =Ik+1,a/0)/T(k,a/0) ko —a
I': upper incomplete gamma function
Variance 92(.52 —gf) i
&, = ITh+2,0/0)/T(k.a/0)
Type 6.2.1 Type 6.2.2
z=(0,a), a>0 2E(—o0,a)
CDF 1 [17 1 (k afw)i }
11—« I’(lc)7 0 @ 1 ( a :c)
1———k,
=1— L‘y{k ﬁ) k) 0
“ e \"e

Reversed PDF L ;(a*w)k7167% 1 (a—z)F e 7

gamma 1—a 1(k)e" I'(k)6*
distribution  Mode (1—k)§+a (1—k)0+a
(Type 6.2) Mean a—06¢

Mk+1)—ITk+1,a/6)
= ’ — ko
4T~ Ihalo) ¢
I': upper incomplete gamma function
Variance 0’6, —€)
- I(k+2)— ITk+2,a/6) ko
2 (k) — I(k,a/0)
Type 7.1 Type 7.2
IE((),I)), a>0 zE(—a,b)
CDF rta.
1 B( b+a7)\7k)a] ot
Beta 1—al B B(u;A,k)

C . b+a
distribution B( a_ k) — B
(Type 7) _ \bta” '

“T T BOK)
PDF (:L‘Jra)A*l( 7:1;+a)k71 (z+a At 7w+a)]‘"71
atb a+b b+a b+a

(1—a)(b+a)B(\k)

(b-+a)B(\K)
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Mode (b+a)(A—1)
Ak—2

bat \k<1

0at A<1,k>1

bat A\>1,k<1

—a, M k>1

(b+a)(A—1)
A+k—2
—a,b at \, k<1
—aat A<1,k>1
bat A>1,k<1

—a, \k>1

Mean 7 =, F k1= Xk+ 135/ (a+b)]
(bA—ak)T, +ak[a/(a+b)]
Beta 2 - [ ] —¢ (b+a))\7
distribution i Mk
(Type 7) 7y =y F [k Xk + 130/ (a+b)]
£ - hypergeometric function
Variance &78
AA+E+D7n 0 )
¢ = ak(k+1)— 2abAk+ PAO+1) N U
1 A A+E+1D)A+k)?
) = ak(ak+a— b)\)( +b)
Type 8.1 Type 82
2€(0,0) 2 (—o0,00)
CDF 1 [ _ ot ]
€ o —(z—p) /¢
11—« ) o
a=e
o 1A T
€ : —e
(1-a)s
Gumbel
Mode
distribution K H
(Type 8) Mean /1'+ ﬁfd
i — o1
=2 Ei( ffa)ﬂ(“/ﬂ s

~: Euler’s constant
Ei: Exponential integral
Variance 2 2
&) [ﬂ—_jLA/?fT}f[jzgz

l—«

—u/B .
T:f 2o e gy

~: Euler’s constant

27r2/6

234 MAAM HEIE X+ EE

stotd A Oid A=Y MAA HFE A F(habitat
suitability index, HSI)= Kong and Kim (2017)¢] w®]=<]
Instream Flow and Aquatic Systems Group (IFASG, 1986)<]
71EE wet HE& HHE &5t HHgSs SHeRE &
EEEY 50%, 75%, 90%, 95% Wl wiste] Z+zt 1.0,
0.5, 0.1, 0.059] & FIstATh

3. Results and Discussion

3.1 BODs

BODsol| tiet 2 SEEERYY CDFY &4 £E/FY &
HEo A AEE CMF 7+ NRMSEE Table 29 2t &
FeFAO AN G FA 0] F, B EIREA, TR EE
o] RE HWIZE A2 FHAILNUT BLFE
ARl HFEEFEEY AT/ /M =0
FHsFA0)s FEEX Y At 7Hd whon e
Hat#dole dulo|ER XY AF{Er HF =Y T
o] Al BFE BT ANFEIEY I AXNFEIRFHS A9
o o2 BPEY A¥E JA ANF o= ET

is PMFS’Jr olel st
DF 2 CDFE =

Fig. 2& 24 £7<9 BODsel
Ao AFrg Hole
Al Aotk BODsoll it
2 Zpel7t 312w BODs9
|7k 271 w&el Z F3ke
w2t g Ak

SgotFAol A st F Aol 2 AWHSY 0.9 myL ]
1o 2 %9 BODsY TFIAE w2

= e A
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R

19&

oE
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o 2 T b

0>'
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]l 0.5 mg/L oA ALHe 2 ST &
=3 }\Lo]\— JH]g}\-o] 0.0 mg/L o]/\}oﬂ 1
EA=7} FEEHA ZASA tHFig. 2, Table 3).
HSIol W& Z+ EFF2 BODs ¥9l= Table 49 2t
HSI #tol 1.00] sidste HAE HFH AU 20
Fig. 39 50% ¥ 9 stetatat Fetgk2 BES] BODsol| of
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Table 2. Normalized root mean squared error (%) between cumulative mass function based on the composite frequency of
each taxon according to biochemical oxygen demand (BODs) gradient and cumulative distribution function of each model

E. orientalis-sachalinensis E. strigata E. separigata
Model Tyoe NRMSE Type NRMSE Type NRMSE
yp (%) yp (%) yp (%)
Exponential 1.1.1 9.3 1.1.1 9.9 1.1.1 2.4
R-exponential 1.2.1 50.8 1.2.1 67.8 1.2.1 36.9
Normal 2.1 9.2 2.1 0.8 2.1 2.0
Lognormal 3.1.1 6.3 3.1.1 0.1 3.1.1 2.0
R-lognormal 32.1 9.2 3.2.1 0.9 3.2.1 2.0
Logistic 4.1 8.7 4.1 0.4 4.1 2.0
Weibull 5.1.1 8.5 5.1.1 0.9 5.1.1 2.0
R-Weibull 5.2.1 8.5 5.2.1 0.3 5.2.1 2.0
Gamma 6.1.1 8.1 6.1.1 04 6.1.1 2.0
R-gamma 6.2.1 9.3 6.2.1 0.9 6.2.1 2.0
Beta 7.1 8.1 7.1 0.4 7.1 2.0
Gumbel 8.1 8.4 8.1 0.1 8.1 2.0
(a) E. orientalis-sachalinensis (b) E. strigata
0.4500 1.6000
samplingunit N = 6,664 [ ] PMF sampling unit N = 6,664 1 PMF
- 0.4000 Total n =1,502 PDF - 1.4000 Total frequency, n = 370 — PDF
=}
§ 0.3500 ) » - oss § 1.2000
& xX) = Serfc|- Rt D 059
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Fig. 2. Probability mass function based on the composite frequency of each taxon according to BODs gradient, probability
density function, and probability distribution function of the best-fit model; (a) Ephemera orientalis-sachalinensis, (b)
Ephemera strigata, (c) Ephemera separigata, (d) all taxa.
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Table 3. The best-fit probability distribution models and model statistics for biochemical oxygen demand (BODs) gradient of

each taxon
E. orientalis-sachalinensis E. strigata E. separigata

Model Lognormal Gumbel R-Weibull
Type 3.1.1 8.1 52.1
Mean (mg/L) 23 0.7 0.6
Median (mg/L) 1.7 0.6 0.4
Mode (mg/L) 0.9 0.5 0.0
Standard deviation (mg/L) 23 0.3 0.5
Coefficient of variance (%) 96 49 90

Table 4. Habitat suitability range of Ephemera species for biochemical oxygen demand (BODs).

Range of habitat suitability (mg/L)

Taxa
50% 75% 90% 95%
E. orientalis-sachalinensis 04~19 02~3.0 0.1~4.9 0.0~6.5
E. strigata 0.4~0.7 03~0.9 02~1.2 0.1~14
E. separigata 0.0~04 0.0~0.8 00~13 0.0~1.6
(a) E. orientalis-sachalinensis (b) E. strigata
1.0 1.0 " "
50% range | : : ! 50%range | : : ; ;
oo f N oo f L
0.8 ‘ ‘ ‘ ‘ ‘ L T e T s
0.7 R e [ T s
Z 06 E 06 -l e e e e ——
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2 0s : : 2 05 | L — — — ]
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Z 04 ‘ 3 04 |
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0.0 ;95% range ; ; ; ‘ 0.0 ; ; ; ; : ‘
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
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(¢) E. separigata (d) all taxa
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Fig. 3. Habitat suitability index of Ephemera species for biochemical oxygen demand (BODs) gradient; (a) Ephemera orientalis-sachalinensis,
(b) Ephemera strigata, (c) Ephemera separigata, (d) all taxa.
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Table 5. Normalized root mean squared error (%) between cumulative mass function, based on the composite frequency of
each taxon, according to total phosphorus (T-P) gradient and cumulative distribution function of each model

E. orientalis-sachalinensis E. strigata E. separigata

Model Type NRMSE Type NRMSE Type NRMSE
(%) (%) (o)
Exponential 1.1.1 13.5 1.1.1 85 1.1.1 7.1
R-exponential 1.2.1 71.0 1.2.1 64.0 1.2.1 574
Normal 2.1 9.7 2.1 4.1 2.1 72
Lognormal 3.1.1 9.6 3.1.1 3.0 3.1.1 6.6
R-lognormal 3.2.1 9.7 321 4.1 321 7.3
Logistic 4.1 87 4.1 3.6 4.1 7.1
Weibull 5.1.1 10.4 5.1.1 43 5.1.1 7.1
R-Weibull 5.2.1 13.4 5.2.1 33 5.2.1 7.7
Gamma 6.1.1 9.6 6.1.1 3.6 6.1.1 7.1
R-gamma 6.2.1 9.8 6.2.1 7.8 6.2.1 7.8
Beta 7.1 9.7 7.1 8.1 7.1 8.0
Gumbel 8.1 7.2 8.1 3.1 8.1 7.1

B2 S EE|X| M39A H65, 2023



HUBETONS 0|83 SHRAOIG(Ephemera) 4500 THSH BBN $3 MB=X|S B}

485

(a) E. orientalis-sachalinensis

12.0000
Samplingunit N = 6,664
Total frequency, n =1,502

AN

10.0000

8.0000

6.0000

Probability density function

f(x) = 23.01e"Co0t **

[ pmF
—— PDF

x-0.05

X005  -*5o5 )

4.0000
2.0000
0.0000 : -
0.005 0.010 0.020 0.040 0.080 0.160 0.320 0.640
T-P(mg/L)
(c) E. separigata
60.0000
Samplingunit N = 6,664 [ PMF
Total frequency, n =71 PDF
£ 500000
2
=]
9
£
£ 40.0000
&
wn
B
2 30,0000
£
< 200000
2
=]
S
A
10.0000
0.0000 - . . - - -
0.005  0.010 0.020 0.040 0.080 0.160 0.320 0.640
T-P(mg/L)

50.0000

(b) E. strigata

A~ unit N =6,664 [ ] PMF
45.0000 Total f , n =370
otal frequency, PDF
=
S 40.0000
=]
2
35.0000 In(x + 0.009) +3.72
E f(x) =0.5erfc —u
z 0.38v2
£ 30.0000
wn
=
2 25.0000
>
&
= 20.0000
=
<
£ 150000
£
A 10.0000
5.0000
N
0.0000 ] ‘ ‘ ‘
0.005 0.010 0.020 0.041 0.082 0.163 0.326 0.653
T-P(mg/L)
(d) all taxa
50.0000
45.0000
=
S 40.0000
- . .
e E. orientalis-
ERELh I SO U sachalinensis
— E. strigata
Z 300000 i
w .
H] === E. separigata
2 250000 parts
2
= 20.0000
2
2 150000
e
S
A& 100000 | N\
5.0000
00000 L—— e
0.005 0010  0.020 0040 0080  0.60 0320  0.640
T-P(mg/L)

Fig. 4. Probability mass function based on the composite frequency of each taxon according to total phosphorus (T-P)
gradient, probability density function, and probability distribution function of the best-fit model; (a) Ephemera
orientalis-sachalinensis, (b) Ephemera strigata, (¢) Ephemera separigata, (d) all taxa.

Table 6. The best-fit probability distribution models and model statistics for the total phosphorus (T-P) gradient of each taxon

E. orientalis-sachalinensis E. strigata E. separigata
Model Gumbel Lognormal Lognormal
Type 8.1 8.1 8.1
Mean (mg/L) 0.080 0.017 0.025
Median (mg/L) 0.070 0.015 0.015
Mode (mg/L) 0.052 0.012 0.000
Standard deviation (mg/L) 0.054 0.010 0.031
Coefficient of variance (%) 67 60 127
Table 7. Habitat suitability range of Ephemera species for total phosphorus (T-P)
Taxa Range of habitat suitability (cm/s)
50% 75% 90% 95%
E. orientalis-sachalinensis 0.024~0.086 0.009~0.115 0.001~0.153 0.001~0.185
E. strigata 0.007~0.018 0.004~0.024 0.000~0.030 0.000~0.037
E. separigata 0.000~0.015 0.000~0.032 0.000~0.059 0.000~0.084
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Fig. 5. Habitat suitability index of Ephemera species for total phosphorus (T-P) gradient; (a) Ephemera orientalis-sachalinensis,
(b) Ephemera strigata, (c) Ephemera separigata, (d) all taxa.
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Table 8. Normalized root mean squared error (%) between cumulative mass function, based on the composite frequency of
each taxon, according to total suspended solids (TSS) gradient and cumulative distribution function of each model.

E. orientalis-sachalinensis E. strigata E. separigata
Model NRMSE NRMSE NRMSE
Type %) Type %) Type )
Exponential 1.1.1 8.5 1.1.1 2.7 1.1.1 9.4
R-exponential 1.2.1 48.8 1.2.1 49.1 1.2.1 29.5
Normal 2.1 10.0 2.1 2.1 2.1 9.1
Lognormal 3.1.1 4.1 3.1.1 2.0 3.1.1 4.5
R-lognormal 32.1 10.1 3.2.1 22 3.2.1 5.4
Logistic 4.1 8.2 4.1 2.0 4.1 9.4
Weibull 5.1.1 7.7 5.1.1 2.1 5.1.1 5.5
R-Weibull 5.2.1 8.2 5.2.1 2.6 5.2.1 5.0
Gamma 6.1.1 7.1 6.1.1 2.0 6.1.1 4.6
R-gamma 6.2.1 10.1 6.2.1 22 6.2.1 5.4
Beta 7.1 8.5 7.1 2.0 7.1 4.6
Gumbel 8.1 8.1 8.1 2.0 8.1 9.4
(a) E. orientalis-sachalinensis (b) E. strigata
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Fig. 6. Probability mass function based on the composite frequency of each taxon according to total suspended solids (TSS)

gradient, probability density function, and probability distribution function of the best-fit model;

(a) Ephemera

orientalis-sachalinensis, (b) Ephemera strigata, (c) Ephemera separigata, (d) all taxa.

Journal of Korean Society on Water Environment, Vol. 39, No. 6, 2023



488 yEE - 35

Table 9. The best-fit probability distribution models and model statistics for the total suspended solids (TSS) gradient of each taxon

E. orientalis-sachalinensis E. strigata E. separigata

Model Lognormal Lognormal Lognormal
Type 3.1.1 3.1.1 3.1.1
Mean 33.6 23 3.6
Median 21.1 1.7 2.7
Mode 8.0 0.0 1.5
Standard deviation 41.7 2.1 32
Coefficient of variance (%) 124 93 89

Table 10. Habitat suitability range for Ephemera species for total suspended solids (TSS)

Range of habitat suitability (phi value)

Taxa
50% 75% 90% 95%
E. orientalis-sachalinensis 25~224 09~414 0.1~73.5 0.0~104.0
E. strigata 0.0~1.7 0.0~3.2 0.0~5.0 0.0~64
E. separigata 0.5~3.1 0.1~4.8 0.0~7.4 0.0~9.6
(a) E. orientalis-sachalinensis (b) E. strigata
1.0 9 1.0 ; )
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Fig. 7. Habitat suitability index Ephemera species for total suspended solids (TSS) gradient; (a) Ephemera orientalis-sachalinensis,
(b) Ephemera strigata, (c) Ephemera separigata, (d) all taxa.
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