Journal of Korean Society on Water Environment, Vol. 39, No. 5, pp. 396-412 (September, 2023)
pISSN 2289-0971 eISSN 2289-098X https:/doi.org/10.15681/KSWE.2023.39.5.396

Estimation on Physical Microhabitat Suitability for Species of the Mayfly Genus
Ephemera (Ephemeroptera: Ephemeridae) Using Probability Distribution Models

Dongsoo Konga’* - Jeaha Song"

Department of Life Science, Kyonggi University
(Received 9 August 2023, Revised 23 September 2023, Accepted 23 September 2023)

Abstract

Species from the mayfly genus Ephemera (Order Ephemeroptera) was assessed for their physical microhabitat
suitability (namely E. strigata, E. separigata, and E. orientalis-sachalinensis). Probability distribution models
(Exponential, Normal, Lognormal, Logistic, Weibull, Gamma, Beta, and Gumbel) based on the data collected
from 23,957 sampling units of 6,787 sites in Korea from 2010 to 2021 were used. Mode and standard
deviation calculated from the best-fitting models to species distribution along a water depth gradient were
265 cm and 159 cm in E. orientalis-sachalinensis; 10 cm and 83 cm in E. strigata; 20 cm and 15 cm in E.
separigata, respectively. The current velocity gradient was 22 cm/s and 40 cm/s in E. orientalis-sachalinensis;
60 cm/s and 53 cm/s in E. strigata; 82 cm/s and 25 c/s in E. separigata, respectively. The mean diameter
(phi scale) of substrate grains were -3.6 and 2.2 in E. orientalis-sachalinensis; -7.4 and 1.5 in E. strigata;
-5.8 and 0.9 in E. separigata, respectively. Habitat suitability range of E. orientalis-sachalinensis was
estimated to be 161~369 cm (water depth), 5~44 cm/s (current velocity), -5.2~-2.0 (mean diameter); 3~34
cm (water depth), 36~94 cm/s (current velocity), -8.1~-6.3 (mean diameter) for E. strigata; 12~32 cm (water
depth), 63~96 cm/s (current velocity), -6.3~-5.2 (mean diameter) for E. separigata. In relative comparison, E.
orientalis-sachalinensis was estimated to be rheophobic, eurybathophilic, and eurypsephophilic; E. strigata to
be euryrheophilic, bathophobic, and lithophilic; E. separigata to be stenomesorheophilic, stenobathophobic,
stenolithophilic.

Key words : Bathophility, Ephemera, Habitat Suitability, Lithophility, Physical microhabitat factors, Rheophility

* Corresponding author, 2L5(Professor), dskong@kgu.ackr, http://orcid.org/0000-0001-8438-3229
b 2 A} (Master Student), papawogk@naver.com, http://orcid.org/0009-0005-4503-8111

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.

SI=ESEras| x| M393 AisS, 2023



SHEHTOYE 0|83l SIFMO|S(Ephemera) ZES| BEIH DIAMAXN HEx I} 397

1. Introduction
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2. Materials and Methods
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Fig. 1. Distribution type of aquatic organisms according to environmental factors; a) with dummy, b) shifted,

c) with zero value, d) without zero value.
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Table 1. Probability density function (PDF), cumulative distribution function (CDF), mode, mean, and variance according to

environmental variable (z)

Type 1.1.1 Type 1.1.2
LI:E(O,OO), a>0 .’L‘E(*(l,oo), a<0
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1 T
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(T e 2) PDF 1 1 e 2( o ) 1 e 2( o )
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Variance o* —&(p+e) o
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Table 2. Normalized root mean squared error (%) between cumulative mass function based on composite frequency of each
taxon according to water depth gradient and cumulative distribution function of each model

E. orientalis-

Model sachalinensis E. strigata E. separigata
Exponential 18.7 (1.1.2) 3.6 (1.12) 129 (1.12)
R-exponential 39.5 (1.2.1) 57.6 (1.2.1) 158 (1.2.1)
Normal 15 2.1) 62 (2.1) 6.0 (2.1)
Lognormal 1.8 (3.1.1) 24 (3.1.1) 40 (3.1.1)
R-lognormal 13 32.1) 62 (3.2.1) 64 (3.2.1)
Logistic 11 (@4.1) 6.0 (4.1) 57 (4.1)
Weibull 1.3 (5.1.1) 3.6 (5.12) 34 (5.1.2)
R-Weibull 20 (52.1) 7.8 (5.2.1) 42 (52.1)
Gamma 1.6 (6.1.1) 3.6 (6.1.2) 3.7 (6.1.2)
R-gamma 13 (62.1) 6.2 (62.1) 6.2 (62.1)
Beta 13 (7.1) 3.6 (7.2) 3.0 (7.2)
Gumbel 3.0 (8.1) 6.3 (8.1) 4.1 8.1)
(a) E. orientalis-sachalinensis (b) E. strigata
0.0030 0.0250
ampling unif =23, _ Sampling unif N = 23,941
:otarlfr:quer:cy, I:IL :23, ;’;f E :;]l\)/[: Totarfregquer:cy, n =1,624 EI 11211;4:
= 00025 =
S S 00200
H] H]
& 0.0020 J;é;s;; 3
z f)=0.001—= resa? Z 00150 1 J[ln(xmxe)—anz
£ o 14 TES) £ IO oemmarosn
] ]
E :T 0.0100
= 00010 =
2 2
& ooons £ oms \
0.0000 0.0000 1
0 200 400 600 800 1000 1200 0 50 100 150 200 250 300
‘Water depth (cm) ‘Water depth (cm)
(¢) E. separigata (d) all taxa
0.0300 00300
Sampling unit N =23,941 [ PMF o
Total frequency, n = 190 —— PDF
0.0250 0.0250
...... E. orientalis-
0.0200 ( ﬁ )‘“"“ (1 _ 74x75)2’”55 0.0200 E sac_halmensrs
10 = B 4003 056) - Lsmigana

0.0150

0.0100
0.0050 \

0.0000

Probability density function

0 20 40 60 80 100
‘Water depth (cm)

=== E. separigata
0.0150 Paris!

0.0100

Probability density function

0.0050

0.0000

400 600 800
Water depth (cm)

Fig. 2. Cumulative mass function based on composite frequency of each taxon according to water depth
gradient, probability density function and cumulative distribution function of the best-fit model; a) E.
orientalis-sachalinensis, b) E. strigata, c) E. separigata, d) all taxa.
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Table 3. Best-fit probability distribution models and model statistics for water depth gradient of each taxon

E. orientalis-

| X E. strigata E. separigata
sachalinensis g pang:
Model Logistic Lognormal Beta
Type 4.1 3.1.1 7.2
Mean (cm) 294 57 31
Median (cm) 280 35 30
Mode (cm) 265 10 20
Standard deviation (cm) 159 83 15
Coefficient of variance (%) 54 145 47
(a) E. orientalis-sachalinensis (b) E. strigata
1.0 / — ~\1 1.0 50%\ :
0.9 range 0.9 __range
0.8 / 0.8 \
0.7 / \ 0.7 \
7 7
£ 06 ‘ \ £ 06 ‘ \
g s ‘ g s ‘
z ’ / 75% range \ g i 75%ral nge\
= 04 = 04
Z / \ Z
0.3 / \ 0.3
0.2 0.2
0.1 j 90% range | \ | 0.1 :BO%range i \
. < .
0.0 95% range — 0.0 95% range
0 200 400 600 800 1,000 1,200 0 50 100 150 200 250 300
‘Water depth (cm) Water depth (cm)
(c) E. separigata (d) All taxa
10 ’ 50% range \ 1.0
0.9 i
I \ 09 {i E. orientalis-
0.8 [ S sachalinensis
l \ 08 i1 —— E. strigata
I
— 07 I — 07 {1} === E. separigata
ZIY; ® i
= ™ ’ i ; = 06 | !
E : 75% range \ ‘g 0.5 A ':
5 04 5 I
2 \ T 04 '/
0.3 \ 0.3 1 ;:
02 02 {i it
01 | o0% range ! \ o1 | \
' . L
0.0 95% range ; 0.0 - ‘ . ‘ ‘ ‘ o
0 20 40 60 80 100 0 100 200 300 400 500 600 700 800
Water depth (cm) Water depth (cm)

Fig. 3. Habitat suitability index of Ephemera species for water depth gradient; a) E. orientalis-sachalinensis,

b) E. strigata, c) E. separigata, d) all taxa.

Zkol 19 aiFst= HAE FH A58 2099 Fig. 29
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Table 4. Habitat suitability range of Ephemera species for water

depth
Range of habitat suitability (cm)
Taxa
50% 75% 90% 95%
E orientalis-~ 01 360 gga43 16514 3582
sachalinensis
E. strigata 3~34 2~68 2~133 2~202
E. separigata 12~32 10~43 8~53 8~59

Table 5. Normalized root mean squared error (%) between cumulative
mass function based on composite frequency of each taxon
according to current velocity gradient and cumulative
distribution function of each model

E. orientalis-

Model sachalinensis E. strigata E. separigata
Exponential 6.1 (1.1.2) 20.3 (1.1.2) 35.0 (1.1.2)
R-exponential 414 (1.2.1) 43.8 (1.2.1) 22.5 (1.2.1)
Normal 2.3 (2.1) 44 (2.1) 53 2.1)
Lognormal 1.4 (3.1.1) 2.0 3.1.1) 5.9 (3.1.1)
R-lognormal 24 (3.2.1) 5.0 (3.2.1) 24 (3.2.1)
Logistic 1.7 (4.1) 4.1 (4.1) 5.1 4.1)
Weibull 1.6 (5.1.2) 2.7 (5.12) 2.7 (5.1.1)
R-Weibull 1.6 (5.2.1) 24 (5.2.1) 5.3 (5.2.1)
Gamma 1.5 (6.1.1) 2.0 (6.1.1) 5.6 (6.1.1)
R-gamma 2.4 (6.2.1) 4.7 (6.2.1) 5.0 (6.2.1)
Beta 1.5 (7.1) 2.0 (7.2) 32 (7.1)
Gumbel 1.5 (8.1) 2.2 (8.1) 9.6 (8.1)

(a) E. orientalis-sachalinensis
0.0160

Sampling unit N = 23,621 [ PMF
Total fi , no=7,127
o o otal frequency, n PDF
2
S 00120
]
£
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z
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0 50 100 150 200 250 300
Current velocity (cm/s)
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2 00140
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£
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=
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A
0.0020
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Current velocity (cm/s)
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20~40 cmZ HIAsH o HFH 42 28 cmetal Ey_ﬁj
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Fig. 4. Cumulative mass function based on composite frequency of each taxon according to current velocity
gradient, probability density function, and cumulative distribution function of the best-fit model; a) E.
orientalis-sachalinensis, b) E. strigata, c) E. separigata, d) all taxa.
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Table 6. Best-fit probability distribution models and model statistics for current velocity gradient of each taxon

E. orientalis-sachalinensis E. strigata E. separigata
Model Lognormal Lognormal R-Lognormal
Type 3.1.1 3.1.1 32.1
Mean (cm/s) 49 88 70
Median (c/s) 41 95 66
Mode (cm/s) 22 60 82
Standard deviation (cm/s) 40 53 25
Coefficient of variance (%) 81 59 37
(a) E. orientalis-sachalinensis (b) E. strigata
10 , 50% 10 I 50% range
0.9 || e 0.9
0.8 \ 0.8 Il \
0.7 0.7
Z 0 \ Z 06| | \
= =
z 05 05 |-
E 75% range \ E I 75% range \
= 04 = 04
z \ ol \
0.3 \ 0.3 I
0.2 0.2
0.1 90%irange 0.1 _l 90% range \
. 1
0.0 95%range 0.0 95% range
0 50 100 150 200 250 300 0 50 100 150 200 250 300
Current velocity (cm/s) Current velocity (cm/s)
(c) E. separigata (d) All taxa
10 / 50% 1.0 4o
0.9 range
0.9
0.8 ". E. orientalis-
l 0.8 W e sachalinensis
0.7 i i —— E. strigata
= - oo o
= 0.6 T 06 : i === E. separigata
T s 3 / |
E N / 75% range \ E 0.5 ’,' '
Z 04 T 04 ! |
< / \ b / "
0.3 / \ 0.3 ! i
/
0.2 _[ \ 0.2 ! ".
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0.1 2 0.1 i e
0.0 95% range 0.0 ad . . ""'»‘ .......... . ;
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Current velocity (cm/s)
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Fig. 5. Habitat suitability index of Ephemera species for current velocity gradient; a) E. orientalis-sachalinensis,

b) E. strigata, c) E. separigata, d) all taxa.
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Table 7. Habitat suitability range of Ephemera species for
current velocity
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Taxa
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sachalinensis
E. strigata 36~94 23~124 12~162 6~191
E. separigata 63~96 46~104 28~110 16~113
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(a) E. orientalis-sachalinensis
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(c) E. separigata
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Pebbly cobble  Cobbly pebsble Pebble

(d) All sites

Gr-Cl

R \
’ / Pebble

Pebbly cobble  Cobbly pebble Pebble

Fig. 6. Substrate types of sampling units; a) Sites that E. orientalis-sachalinensis occurred, b) Sites that E. strigata
occurred, ¢) Sites that E. separigata occurred, d) all sites.
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Table 8. Normalized root mean squared error (%) between cumulative mass function based on composite frequency of each

taxon according to mean diameter gradient of substrate grain and cumulative distribution function of each model

Model E. orientalis-sachalinensis E. strigata E. separigata
Exponential 21.3 (1.1.2) 4.8 (1.1.2) 12.9 (1.1.2)
R-exponential 28.2 (1.2.2) 164 (1.2.2) 22.5 (1.2.2)
Normal 14 (2.2) 1.2 (2.2) 3.0 (2.2)
Lognormal 1.3 (3.1.2) 0.5 (3.1.2) 2.9 (3.1.2)
R-lognormal 1.7 (3.2.2) 1.4 (3.2.2) 3.0 3.22)
Logistic 2.1 42) 0.8 (4.2) 2.6 (42)
Weibull 1.2 (5.12) 0.4 (5.1.2) 29 (5.1.2)
R-Weibull 1.2 (52.2) 0.5 (5.2.2) 2.2 (522)
Gamma 1.3 (6.1.2) 1.1 (6.1.2) 2.9 (6.1.2)
R-gamma 1.6 (6.2.2) 1.3 (6.2.2) 3.0 (6.2.2)
Beta 1.0 (7.2) 0.4 (7.2) 2.5 (12)
Gumbel 3.7 (8.2) 0.5 (8.2) 2.2 (8.2)
(a) E. orientalis-sachalinensis (b) E. strigata
800 e pling unit N = 23,051 - O30 T pling unit N = 23,951
o.t6on |Total frequency, n = 7,22 — 20 Total frequency, n = 1,624 [ pMF
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Fig. 8. Cumulative mass function based on composite frequency of each taxon according to mean diameter
gradient of substrate grain, probability density function and cumulative distribution function of the
best-fit model; a) E. orientalis-sachalinensis, b) E. strigata, c) E. separigata, d) all taxa.
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Table 9. Best-fit probability distribution models and model statistics for mean diameter gradient of substrate grain of each taxon

E. orientalis-sachalinensis E. strigata E. separigata

Model Beta Beta Gumbel
Type 7.2 7.2 8.2
Mean -3.4 -6.3 -5.4
Median -3.4 -6.6 -5.7
Mode -3.6 <14 -5.8
Standard deviation 22 1.5 0.9
Coefficient of variance (%) 66 24 18
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Fig. 9. Habitat suitability index Ephemera species for mean diameter gradient of substrate; a) E. orientalis-sachalinensis,

b) E. strigata, c) E. separigata, d) all taxa.
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Table 10. Habitat suitability range FEphemera species for
mean diameter of substrate grain.

Range of habitat suitability (phi value)

Taxa
50% 75% 90% 95%
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sachalinensis
E. strigata -8.1~-63 -83~-53 -84~-4.1 -8.5~-3.3
E. separigata -6.3~52 -6.6~47 -6.8~-4.0 -7.0~-3.5
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Fig. 10. Cumulative mass function based on composite frequency of each taxon according to mean diameter
gradient of substrate grain, probability density function and cumulative distribution function of the
best-fit model; a) E. orientalis-sachalinensis, b) E. strigata, c) E. separigata, d) all taxa.
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