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Abstract

Distribution characteristics and altitudinal gradient of four species (E. strigata, E. separigata, FE.
orientalis-sachalinensis group) of the mayfly genus Ephemera (Order Ephemeroptera) were analyzed with
probability distribution models (exponential, normal, lognormal, logistic, Weibull, gamma, beta, Gumbel).
Data was collected from 23,846 sampling units of 6,787 sites in Korea from 2010 to 2021. The beta
distribution model showed the best fit for positively skewed E. orientalis-sachalinensis and little-skewed E.
strigata along with altitudinal gradient. The reversed lognormal distribution model showed the best-fit for
negatively skewed E. separigata. E. orientalis-sachalinensis distributed at the range of altitude 1~700 m
(mean 251 m, median 226 m, mode 124 m, and standard deviation 161 m), E. strigata distributed at the
range of altitude 5~871 m (mean 474 m, median 478 m, mode 492 m, and standard deviation 200 m), E.
separigata distributed at the range of altitude 7~846 m (mean 620 m, median 659 m, mode 760 m, and
standard deviation 181 m). Altitudinal habitat suitability ranges were estimated to be 42~257 m for E.
orientalis-sachalinensis, 335~644 m for E. strigata, and 641~824 m for E. separigata. Based on the
altitudinal spectrum of suitability and altitude-related temperature analysis results, E. orientalis-sachalinensis
was estimated to be thermophilic, E. strigata to be mesophilic, and E. separigata to be thermophobic. This
is the first national-scale evaluation of the altitudinal distribution of Ephemera in Korea. These results will
be used in a further research study on altitudinal shift of the species of Ephemera under climate change.
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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) without
dummy and non-shifted, c¢) without dummy and
shifted, d) transformed, without dummy and shifted.
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Table 1. Probability density function (PDF), cumulative distribution function (CDF), mode, mean, and variance according
environmental variable (x)
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B } NRMSE (%) = - > 100 (15)
FEUEHSe) B4E 24T 5 AT 28U 7 BRE 1o
B3 %= EPS A & F ql7] A AFE gF ki=
PERYS BY 8o ouHq $8AFFS gl Ul
Sl HTo AFEE Hol= m& e =AY ol 3. Results and Discussion
AT foll FELUZIF e AR IH
(PMF-PDF)# FAHRAFES ol F2 2 X T4 (cumulative 31 MU EsdlE
distribution function) & A FA71E PHCMF-CDR] & BFZW FEILEY WelE BYhFolABARTY
< < gl=d, PMF-PDF L& A3 gE2Fo] &35 o] 0] 1~700 m, FH3FAolE 5~871 m, 7F=FH 3}
71 A SACNME 2 F739] A A (class mark)E 2 FAOE 7~846 mATh ¥ ZETUSAAM =&H JdEd
S 97 WA Ago] YTk WA B ATANE CMF MRS SgEELolAFRAELe] 2ol oF 30%, Fuat
9} CDFY #F3} Hd AFZ 22Knormalized root mean FAol= ¢k 7%, JFeRYstEaols ok 1% tHTable 2).
squared error, NRMSE) (4] 15)7} #&7F A sl BFE o2 Eg E u ZgstRAo)lAgAERdo] 29 Edu
Microsoft Excel Z2I3¢] 3 &7] 7]5& ol &3t =& Z7F FHaRAelel] vl i JheFH e Aol HlsiA

Table 2. Number of sampling units,

altitudinal gradient

frequency and relative frequency of four species in genus Ephemera according to

Interval of altitude
above sea level

Sampling units

Frequency n, (relative frequency R =n,/N;)

(m) () E. orientalis-sachalinensis E. strigata E. separigata

0 - < 100 15,521 4,597 (0.30) 431 (0.03) 53 (0.00)

> 100 - < 200 4,585 1,681 (0.37) 530 (0.12) 52 (0.01)
>200 - < 300 2,102 652 (0.31) 302 (0.14) 37 (0.02)
> 300 - < 400 938 224 (0.24) 226 (0.24) 21 (0.02)
> 400 - < 500 319 47 (0.15) 73 (0.23) 10 (0.03)
> 500 - < 600 256 25 (0.10) 53 (0.21) 11 (0.04)
> 600 - < 700 125 5 (0.04) 25 (0.20) 13 (0.10)
> 700 - < 800 83 - 14 (0.17) 5 (0.06)
> 800 - < 900 19 - 1 (0.05) 3 (0.16)
Total 23,948 7,231 (0.30) 1,655 (0.07) 205 (0.01)
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Fig. 2. Box-whisker plot for altitudinal gradient based on
occurrence of four species in genus FEphemera.

Table 3. Statistics of altitudinal gradient based on occurrence
and abundance of four species in genus Ephemera

. E. orientalis- E. E.
Statistics L . .
sachalinensis ~ strigata  separigata
Mean (m) 102 208 258
Non-weighted
by abundance de\itaatri]:r?ngm) 88 152 212
(Eq. 1~3)
Median (m) 70 175 198
Weighted by =~ Mean (m) 95 207 230
abundance Standard
(Eq. 4~5)  deviation (m) 7 150 184
Mean (m) 252 474 662
Weighted by
relative Standard 178 214 204
deviation (m)
frequency -
(Eq. 6~12) Median (m) 228 472 693
Mode (m) 151 361 800

7% BEnEs AUEANE 7
of wlsked @A STHTable 3). ©

2ol SHaEd 2B} AU WEd oprE
Adolng AETRER 24999 47} ELaA 2od
4 1~59 wgos £33 EARL 7 BREe) i

e A4H 4R HES F gk

33 A% SHEEE

HNEIANEE 7|dte = g o4kl B4 Hlte] A4
SEREE B2 FF 8%l BE Fd st £72Y &
AELS AEFH LR 4T 5 YL AMA AJEE FE
7199 gpalo g AAF F givhe Al o]He] Tk
B AFolA HES 7 GEREEY Y CDFY 4FAEE
718t 2 & CMF 7Fe] NRMSEE Table 49 2oh. 1 &
o] AFEPL Autxoz AFErt Utk sLsFAol-
At sl R Ato] #3 FH o] EX o Beta £EXR
Fo AFEs}t /Mg EUoH, Weibull EEXZEFH HFE

AA] ArH o g gt TteFHs Al BEE 9
T T EEE P (reversed lognormal distribution model)9] #
d=7t FE =%em FHWE(positively  skewed
distribution) 2FE3, HBEIRF(ZTFEE, ZALHEE)
< A¥=r gkt

Fig. 32 7t 27579 ST HA Y JF=E &
ol FEEEIRYY FELULTT 4 FHEEFTE &4
g Aotk A& FHHE 100 mZ B AL

Table 4. Normalized root mean squared error (%) between
cumulative mass function based on relative
frequency of four species in genus Ephemera
according to altitudinal gradient and cumulative
distribution function of each model

E. orientalis- E stricat £ ot
sachalinensis ’ gata - separigata
Model
Type NRMSE Type NRMSE Type NRMSE
e o e o e o
Exponential  1.1.1 10.2 112 213 1.1.2 576
Reversed 5 515 12 169 12 119
exponential
Normal 2 0.9 2 3.2 2 15.9

Lognormal  3.1.1 1.1 3.1.1 3.7 3.1 171

Reversed

ogormal 32 190 32 28 32 42
Logistic 4 1.6 4 43 4 155
Weibull 511 09 511 27 511 86
l\fve;zfﬁd 52 08 52 29 52 62
Gamma 611 1.0 611 35 611 165
:::ﬁs:d 62 09 62 30 62 55
Beta 72 04 7215 71 53
Gumbel 8 22 8 6.9 8§ 237
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Fig. 3. Cumulative mass function based on relative frequency of four species in genus Ephemera according to altitudinal
gradient, probability density function and cumulative distribution function of the best-fit model.
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Fig. 4. The best-fit probability density function of four species
in genus Ephemera according to altitudinal gradient.
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Fig. 5. Habitat suitability index of four species in genus Ephemera for altitudinal gradient.
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