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Measures to Protect and Restore the River Environment Abroad
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Today we find many investigations and research, for example the National Census
on River Environments or such, taking place on major rivers. Active measures are
also underway to protect and restore these areas through nature-oriented river
works, hailed as a program to improve the river.
Prior to promoting these programs there is a need to for preliminary survey on the
river environment, forecasts and evaluation of the effects of the works on the river
environment. It is also recommended that the preliminary forecast and evaluation
be examined after executing the works.
If river improvement works have had any impact on the environment, it is vital to
understand how the river environment will respond to that impact. Thus, there is a
need to define technologies to protect and restore healthy river environments backed
by the above understanding and information.
The purpose of this paper is to define the methods to evaluate the effects on the
environment. Some examples from the river environment protection and restoration
measures executed by the U.S.A. and EU nations. Also included will be spatial
classification methods and evaluation methods to define the guidelines in hope to
quantitatively evaluate the biological colonies, individual biological species and the
morphological features of the environment.
Keywords: River Environment Conservation and Restoration, Goals, Classification
Method and Evaluation Method.
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Fig. 2 Shumm’s Classification system.
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Table 2 Longitudinal zonation of fish in river systems. Adapted from Huet (1949).

VER ZONE CHARACTERISTICS SPECIES
) (K 5 ) (% %) (¥E)
Upstream Trout (®2R) Zona Very stesp gradient, very Trout, salmon, bullhead,
A (_EF~) |(fast~flowing brooks and fast flow rates, highly stone loach
streams) oxygenated, cool, silt free, (A, k)
(FADRLEEN ) oligotrophic
{(REORIRATEY . KEZ WO
WOBFER. AL, VL rabRN
s 4
Grayling (A#7EX<2X) Zone [Steep gardient,fast flow, As above plus:
{medium—fast streams and river jwell oxygenated, clean grayling, minnow,barbel,
reaches} gravel club, dace
(@R OD IR F)ER) (DENFA. Bho'FEo, ENENHERR | (L3 HTEATI, 954
THBDE U Thrahpi) &)
Barbel {(/1—~A : =1 0—8) [Gentle gardient,mderate Al above plus: roach,rudd,
Zone flow,good oxygen contant, perch, pike,esl
(medium Flowing river reaches) |mixad substrate (silt & (2TLIZWZB : )$=F. hUHTR
(PRGN ER) gravel) wFFh¥)
(23 Pranm. FRdHkEn., L
EIRR. BAThEERHE (S0
& Ebik
Beam (7Y-—4:2/8O—H@) [Very gentle gradient,slow glioach, rudd, parch, pike
Zone flow good oxygen content, 811, tench, bream,carp
(slow-flowing/sluggish river |variable temperature, (1H=F, hOHTR, HF#,
reaches) si1ty substrate, turbid, S4RE)
(335 T/BLEhoaIEM) [eutrophic
W (K& DR, $30hkiEh
UFdE~) AV GEHRE. EbOOTLKE, Lk
[Bownstream DEFWH. BoTL3, WRR)
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Fig. 3 Longitudinal zonation of fish in river system based upon fish zones.
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Table 3. U.S. Biological Assessment programs for streams and rivers.

Data Analysis,” Interpretation | ERDOES (M) 15 =

Multivariate analysis

(% EHBAT)

Statistical routines used

(L 51 AR AT)

Canoco ; cluster analysis (%
T ARG =43
+ Linear discriminante analyses

(ELBHIB ) A &

Multimetric approach

(% IRIRAEAT)

45,751
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Table 4 Metrics Used or Under Development in State Biological Assessment for Streams. (1)
No. | Metrics Used or Under Development R | £ Xk & #H
53 % z 2 @
= 7 ]
o o I o T Yi3|c |o =
2lg|2 2 = = T 3 ﬁ & i o 2 JE: Sig Z B
>3, E|C|B|8 R ASIRE 122 zmlzleZEEIR 2| B 2| ER|2zT <il |2
»|C = 5|5 I5|R 28 Elzlzlzic|c|nz| 1BZFI22|2|9 ®(F|c - N I Ul L= = S AR P~ B = s (mZ 8153
1528131213122 8EslclE8E2cgi =Rtz S8 E2a 8RR 2R5E32Eg 828838
2112212158338 52282212208 28c2 3E52258518 321252212385 3222822
s EIHEFEOISIERAEE S 0550l nonz>aTs s 5RARSEZEEISEEEE NG EE5S5E5
1EPT - AU - A5 TS 78 @ eo @ e 9o e o6 e (¢ o @ olee © @ ® 0 e o 1T @e® | @® | |®
__2|Hilsenhoff Biotic index {modified) Hilsenhofffg 3R 1E) 21 e o e e K 3K ] ® 5 9 & @ @ @ L eio @ @ @ | e
3|Number of taxa F7493 211 @ L IRAK K (-] LK ] SN @ [ 2 0| @ @ @ e ol e e @
4|Biological; Habitat NE Huk i9 ) ] @ L) o @0 & ® ) o @ L] @ @ @ e e
5/% Gontribution of dominant taxa E5T5299% 17 =] [] o @ -] [] -] [] 3] [] ® &S ) ] [
6| Total number of species i i6 3K & (] & 2 (] 3K ) -] -] @ L]
7| Omnivores HEMOE 14 @ @ ] ® -3 @ & ® @ @ ® @ L
8iIntolerant species FEm S _ 12 ] @ ] L] ® o > ®| @ K] @ [ ]
9iNumber of sunfish species Tl 2B OB 10 @ @ ® e @ @ e @ @ [ ]
10} Ratio EPT/Chironomidae EPT/AXAMHEE 10 @ @ ] @ 2 e @ @ @ [ ]
11|Darter species Darterf§ 9 @ @ e o _|® e K e
12|1BI (Index of Biotic Integrity) Bl o 9 ® e e e 9 d e Ld ] .
13{Number of sucker species ‘suckerfDH ) e @ @ @ @ Ll @ e o
14|Ratio of scrapers/filterers AL A B Ratio of scrapers/fitterers 9 @ @ 0 S e -] ® ® ®
15| Tolerant species CERDmtEE 9 L) @ D 1@ @ e e @ e
16{Insectivores _ _ EXRE 8 [ ® [] ] (] [ [ [
17|Number of individuals H&FH 8 @ ® @ ) [ ] ]
18]% Shredders AR EHE % Shredders (REE##E 7
DHBVTER) % ° ® |® ® ® ® o
19|Community Loss Index Community Loss Index 6 e 9 3K -] ]
20| Total number of native species AEBEOBEH 6 ] [:] ® [:) [:] [
21|Biotic condition index(BCI{Biotic Index} |Biotic condition index 5 L @ ® ole
22|insectivorous cyprinids REEOI(H 5 @ L e @
23[Top camivores BEEEO Lir10ig 5 [] o ® [] [
24|% Anomaiie Anomalie% 4 & @ @ L] L]
25|% Diseased ma% 4 1 [ ) @ ()
26|% Dominant family 25758 % H@ ] @ -]
27% EPT/(EPT + Chironomidae)} EPT/(EPT+3X!JA) 19 @ @ @
28|%DELT {deformities,eroded fins, lesions, |FE.CLAER. B-FE. EEOCHE&E 4 @ @ @ Fy
and tumors) D%
29| Catch per unit effort HEE 4 @ ® ] @
30[Chironomidae aARYHFE 4 9 @ e @
31{Community Simitarity Index HEIELIEH 4 L] @ [ ®
32|Hybrids e 4 @ L] b @
33{Jaccard Coefficient euh-FIER 4 @ ) ® | -]
34|Number and identity of benthic ELXERgEniEN 4 ® @ e ®
insectivore species
35|Piscivores JAYS 4 @ @ _ 9
36| Shannaon~Wiener Index e oA — i~ D EREER 4 [ 2] @ e
37[Simple lithophils Simple lithophils(RERIZDT) 4 ® -] & @
38|% Carnivores HEEEOEDY 3 ] -] e
39/% Scrapers A A B XScrapers ([SEFRUEBEE 3 ® ® ®
) fHEEERS) _ d
40{% Tanytarsini Tanytarsinid) % L3 @ ® @
41iFamily Biotic Index FHoBl 3 @ @ @ )
42|Fin damage ELDF AT 3 @ ® 9
43| Functional feeding groups aEsn—=7 3 L @ @ [
44 Number of cyprinid species{Minnow a(EOEOH 3 ole 9
species) |
45| Tumors fEE 3 R @ L ®
46]% Caddisfly PESSED% ] 2 (-] 2
471% Collector—Filterers AL A% Collector—Fitterers (F318 2 °
Er)
48[% Collector-Gatherers AL kA B Collector—Gatherers (g 2 Py
WiEE) 4 N
491% Glossosomatidae YILETIH D% 2 o ® | .
50|% Hydropsyche/Trichoptera LREESS/REASSH 2 @ 1 i L]
51{% Hydropsychidae SREEZSD% 2 L @ | L
52|% Predators BEED% 2 L [::) @
53| Community trophic structure ATy TS 2 @ ! &
54|Density of individuals BEEE 2 [] @ '
55! Diptera AT 2 e ! Ld
56|Diversity Index ZEREREN 2 [ | e
57|Dominants in common TREOESE 2 @ | . @
58| Dominants in Common, Five EREOELEO NS 2 e [ | -
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Tabie 4 Metrics Used or Under Development in State Biclogical Assessment for Streams. (2)
No.| Metrics Used or Under Development i EE k-
R = 3 > 8
o 5 | g m Tip|C 8 =
Oo% 4 = z :—c‘ﬂ ﬁ%% =] ggi‘ﬁ_, :‘E’gg
>15 ), 2181218 (R 4|0 Lo BIEI2IE| 22 EB3EIRSIEEIEZLIE Flo2IRI2 5|2 <5128 <
=S 25558 L EIB: cElEs2553 <2122 2323525 E| S8EE 2 2E ol 51212 853
2@ Cl2528 52852zl 29 0 2818252 58|e5 853822 BlEzcSlas R zield a5
S35 55015 ERISIFEIZESHS 52 soolmlzl> 385 F12IRAR 832832585 3RGIZEIZZZIES
5% Indicator Assemblage Index Indicator Assemblage Index - ® | e @
80(Introduced species BAER 2 B [ @
61|Macroinvertebrate Biotic Index(MBD) MBI 2 @ e
62| Mayfly hirary 2 ] (-]
63| Pinkham—Pearson Coefficient of PiannkafB{LIEE 2
64{Pioneering species R 2
65(Proportion of individuals with disease or RSN FHEEEDS 2
anomalies
66| Quantitative Similarity Indices HEHELIE 2
67| Relative abundance Heg 2
68| Scrapers/scrapers+filter feeders AR kA B Scrapers (IFEFWMYEE) 2
/scrapersHBBIERE
69| Sensitive species BIETEICHEGE 2
70|Specialized insectivores HHEDEBRLMBAENE 2
71| Total abundance BE ] 2
72i% Age Circotopus plus Chironomus | AUSE & OBITH] T BCircotopus i
Abundance to Total Chironomidae (W) A RUDOER HX
73|% Age of pollution tolerant species FERttEOFRER 1
74|% Age of Shredders to Total Abundance | FAEH : 2F RI-xd 5Shredders 1
DEHE R
75|% Age of species with over 20 specimens| O P C20BF 4B A 5B OEHHEAL 1
per species
76(% Baetidae/Ephemeroptera A58z dSahyoEO% 1
TN% Carp, green sunfish, white sucker a7 B @A, green sunfish, white sucker 1
D%
78[% Collectors AUFRABEE%Collectors GRIBIE R - 1
EhRss)
79!% Contribution dominanat 5 taxa LB E527H 0% 1
80{% Contribution native taxa EFEE2H D% 1
81/% Diptera+tnon—insect taxa NIERREADEZIH D% 1
821% Dominant genera #ETIBOY% 1
83{% Filterers A kA B % Filterers 1
84% Intolerant mayfily and caddisfly and FEHEOEPT% 1
stonefly
85/% Isopods, snails,leeches DSULLE, AFVLYELD% i
86(% Large river taxa KEWITERTH29H D% i
871% Length distribution FESH% i
88|% Model Affinity ETILEDEHLEY 1
89|% Other Dipterans and other non—insects| TanytarsiniEAAAD/AIEE R LA D% 1
90|% Similarity of community structure BREOHLE 1
911% Simuiiidae JiHn% 1
__92/% Surface dependent HREEGED% 1
93]% Young of Year (YOY) ERBED% 1 L)
| 94{% YOY salmonids EEnEA O salmonids D% 1 ®
95|Benthic Index of Biological Integrity AL ZMIBI 1
96:Branchycentrus/total Hho2 ZACESB% 1
97|Caddis and stonefly shredder richness [ A B  shredder@FEArS&hTD 1
4*Srichness
98| Chironomid Count ARBDEBH 1
99| Chironomid Taxa Richness A AJADRA I Hrichness 1
100|Chironomus/total A A FAChironomus B % i
101|Common Taxa Index HENITHDIEE 1
102|Community tolerance quotient LML 1
103| Community weighted average HEOCFHET 1
104/ Crustacan/Mollusc B/ B I 1.
105|Diatom Species Diversity EREOBEEHS 1
| _106/Diptera/Generic richness NI D Erichness 1
107 Dominants in Common, Ten — Mt FRI0ER LB ]
108|EP richness/generic richness EP®M Brichness 1
109|Ephemerellidae and Heptageniidae IASHhFOHE. ESFAFODH 1
richness Richness
110{ Ephemeroptera/generic richness #7079 B M Brichness 1
111{EPT Bictic Index (BIEPT) EPTMBI 1 :
112/ EPT/Diptera INTEEPTOMEEE 1 !
113/ Equitability H— 1
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FRTOTSLTRBLLATLSEE (BithLEad) @

Table 4 Metrics Used or Under Development in State Biological Assessment for Streams. (3)
No. | Metrics Used or Under Development R 2K £ M
5 % % _ @
o % 2|51 I Tiz|c |8 =
olo |8 2 = z Zz § & o % 5|75y S @
> 5-ES1Z1818 «lg sl Bl223 5222505 EE 28 Bol2RI23E | <5 2Ecs
LIS m|F ol | |E m _IE|Z|E |l |EiZ ClEB|21C121R |18 5 |s|2|B|= S 8852 RIE S5 88153
CBZIRIgT|IZEIZR S Z=B 58282 8Ic2Z<B|2|253 2% 8alF|0[2|% TR 2l|lXiERIcBi2IE|e|B |2
2 zi212|282 5388522221282 052811813523 22195313 2822581883218 8B 2
>>m>$o—c$r’ﬁ>'§§>oﬁ>m§>wc%2>EE>>>>%50>§5>2$U>>m51$52250
114{Eroded fins _ |BBLiEL I 1 B . ® |
115|Evaluating RBP macroinvertebrate RBP 1 1 a 1 @
116|Exteran| parasites and fungus NBHoNFER. B 1 @
117|Family HBI Family HBI 1 L)
118|Fish captured per minute Biubi-YOEEAH 1 (]
119|Florida Index Florida Index 1 ]
120|Funetional Group % Similarity BEEEITN—T OEEES 1 )
121|Gastropoda/total TXHA\/ 2% 1 @
122|Generic richness [Brichness 1 ®
123|Headwater species LHEME 1
124|Hinsdinea/total A BORE 1
125{Including number of indigenous species | EEFSHT-8 1
126{Introduced tolerant fish species BAShrmtR¥oER 1 @
127|Kansas Biotic Index (KBD KBI 1 @
128|Lesions oL -BEO% 1 [
129|Missing Genera Ebhhi-E 1 @
130{modified % mayflies AFO9% 1 -]
131|Modified EPT index WEEPTIER i ®
132\ modified IWB #HEshi- WB 1 @
133|{Non EPT richness/generic richness EPTELA DRichness 1 ®
134{North Carclina Biotic Index Morth Carolina Biotic Index 1 e
135{Number and identity of trout or sunfish |YAEY L2 2B OEH 1 @
species {excluding stocked trout)
136/Number of aduit trout species HBo<X#BoEFEHR i (-]
137|Number of darter/sculpin/madtom darter/H %l /madtom EOH i ]
138|Number of individuals per 300 square 300meP O EHEE 1 °
meters
139{Number of introduced taxa BASTH ORGSR _ 1 @
140|Number of minnow species (excluding 100X A AALTORETOOAHOE 1
carp, creek chub, fathead minnows) at  {DH (3, creek chub (7D —3&). @
sites <100 sgquare mile drainage area fathead minnows %3 4LV
141|Number of native amphidromous EEOABEROWEANEEROK 1 ®
macrofauna |
142[Number of native cyprinid species EEOIIROEOH 1 [ ] ]
143|Number of salmonid age classes FH 7 F L salmonid® ¥ i __, L -]
144|Number of salmonid vearlings HEH1EL F2F kB O salmonid D E 1 -]
145|Number of sculpin species HTHROBEOH 1 @
146iNumber of sensitive benthic species BRETLICHBRLTELTDOREGES 1 ]
147|Number of sensitive/intolerant species |BREBT{EIzHBLELIEMEBOERE 1 @
RIS
148{Number of sucker species (excluding suckerf® @ #(white sucker® g 1 @
white sucker) _
149| Number of sunfish and salmonid species |2 Jrwi 28 EsalmonidDIEERL 1 @
150/ Number of top carnivere species at 200 IABLTOREDPO EED 1 ®
sites<200 square mile drainage area REOER
151 Number round—bodied suckers species |round-bodied suckeriB(DE 1 L)
152| Qligochastes/total IXXE/ & 1 ]
153 Plecoptera/generic richness BI=®d 57775 HDrichness 1 L [)
154| Plecoptera/total HOFSE/ ek i B @
155(Pollution Index FRiEE 1 L] )
156{PRA dominant diatom taxon(Periphyton) |PRA B 59 2RO 5574 t _ @
157{PRA Tolerant and sensitive Species PRA IHEHLBURLGLE (B EY) 1 ®
(Periphyton) N
158|Proportion as round-bodied round-bodiedtryh-f D H.E 1 - L]
159(Proportion of individuals as blacknose  |blacknose dace (245 1 (—I8) OE{ED 1 P
dace 1
160{Proportion of individuals as generalist LEMteoBEOEANORE 1
feeders 4
161|Proportion of individuals as green green sunfish@BEFEDOHE 1 L ®
162|Proportion of individuals as trout (non- | ¥ X OHBE O H Elnon-stocked) £L¢ i
stocked) and/or proportion of individuals | [XpiscivoresM & D HZE
as piscivores L
163|Proportion of individuais as white sucker |white sucker®HBE R H. 32 1
164{Proportion of individuals with deformities | SO E&EO HE 1 T‘ ®
165|Proportion of lithophilic spawners lithophilic EEBASFO RS OEEOHE 1 ®

—267—




£—4 TFAVHOANEYIFEM IO LTRAVLATLSEE (REThL88) @

Table 4 Metrics Used or Under Development in State Biological Assessment for Streams. (4)
No. | Metrics Used or Under Development R e %k £ MW
H = z S @
3 g 218 |2 3i2|5|8 z
»| |92i0l2 j > |2 =z l=z|_ T3 .1z|I3 ol 28|23 : .10
> 135 2028040 Lloix BISIZIE 1212 22ERZIEZEIE_IE Blo2|RIRITIE <21Z 0=
25 8z FloloEislcimiL. EIZIZIZIEIE|R S22 212282 3lc=|8(= 1Rl 2|8 2 S0izi0isx
;mzﬁo:Ud%sooy--—-ﬁggzc.‘i’.r‘ﬁ{gEmm%qu§MQQ<<OIm<ng$E4chDOQO
2|z210250 5328812122322 gz2xz2c28258221252 828822 E28IR|5281215/2 8
3625 8|SERF>FEScles o 2slas g7 Z 0553 sRARTSERBELEEIgEFmEIZE 5I8I2I2 8
166|Proportion with deformities, eroded fins, |27 f#2. ELAEE . BSOHE ; ' @
____|and tumors - . | B
167|Ratio coltector—filterer+collector A kAR collectorfitterer GRBE 1
gatherer/predators+shredders BEHLERYINES) +collector- @
gatherer/predators (H BHIEE)
+shredders(RERL &)
168|Ratio EPT density/total density EPTER - AFEOHE 1 )
169|Ratio of EPA and chironomid adundance | A AN EEEPAD LEE 1 )
170{Ratio of shredder density/total density |~“/FABME:shredder EAEOZELS 1 °
BEOEEOHE
171{Rhyacophilidae richness HHLFEZSHOEEE 1 L]
172{Salmonid condition factor S5 5 @ condition factor 1 ®
173{Salmenid species Hoiaoig 1 [
174{Sensitive native fish species REZILICHEBLEERAEBY 1 )
175|Similarity index BLERY 1 )
176|Species or selected group richness BHlLIFIN—"TnEES 1 ®
177|Standing crop 98 (BES) 1 L)
178|Sunfish species (less Micropterus) B A B OB (AF0FHAAEE 1 ®
z.39)]
179|Total family richness £ El Drichness 1 @
180| Total number of fish species {excluding |[TAZE{AOEY i @
trout) X
181|Total stonefly taxa 2HDFSHBORIH i i @
182 Tribelos/total TribelosE& 1 E (]
183 Voltinism® L1t ! i ®

+{EtE (voltinism) : RRAVT FEICBYRTHROMIETE-THY, FOREEEREEN S,
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RIFL DO 7 0 75 b & ERT HED
MR FIEETHD

“Rapid Bioassessment Protocols For Use
in Streams and Rivers” 8) 2Rt 5=
NF= b Y T S a—F (MULTIMETRIC
APPROACH) D& Z K &M — 5, 62571,
INRTESBIREBE T CORECREE (-
REEE., KNEFHEEDOLEEL L)
OHFEOZBEHLTREFREITE S
T R—RIZLVBREL, BHEl BN

Step1 : BIEER &

XD, (L, LM BT X 0 Bl
BOTIBFTO SN~ 7 L CREZR KT

ZDO

Step2 : FIBIA v —DETE
ARELICH L TEMRO & D 1B :
- Good (reference) site & Poor (impaired)

site & ¥ DA BRFEIEERE

FHELOFREHIMTFETHD,
FHZEZEZ FIEEUTLRENTEY .,
HREMLE OFFM (ecological quality
assessment) DFE L LT “FHHEREMNS
D mZ (EQR : Ecological Quality Ratio)
DERAZHELTWD, ZThixdaEFZER
APTEH I oW TR B EEE [0,
REEEHELOERE 11 L LTTHL, &
FEAMORELHAD2LOTHY , £
LDEZHFELBELHL TS,

Reference Site MEE
s b kb BRIk
- R H, BEA., BEN, Y
2o REET LD Ik

Step3 : X7k
v Yy RERITE (5, 3, 1) .
CBRY A B STVDEHE ¢ R 25%LL 1§
5. ThUT& 25575 :
C BB A o TORVES - b 95% %]
EEEE LT3%57 5, :

{_jj"257kiaﬂﬁ'

RAEDRTE
< KRR & ARV REE A KR
LHBEO P
» B A b : “good”. “very good”

l’

B-5 ZwAFIRYSHOFTIO—FOT7O—
Fig. 5. Process for the MULTIMETRIC APPROCH.
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@28y A+ B @ZHEy 1 A
L8 b 5RVWES
(reference sites know) (reference sites unknow)
<
T 95% |
3
) fEERE -
faEfE . | %E
XL - -.Z.'Ev)fﬁ:w N s ¥ 3 %-%
25% 3 E .
o
g 1
B/ 1 B
BRY 1 O 2D A b DOSTE

H—-6 4S£BWEEO<THY2ANDAATIED

Fig. 6 Basis of metric

3—2 HEWMTENLOFGFE

EWRED b OB FEC SO TRENLRE X
ik, ~v & v FFEMFER X (Habitat
Evaluation Procedure {HEP)) T b, HE
PETFNLIIEEVOREORE TIZBIT HREE
IREN*ZHE L, FOREERN KE, K.
W, WD A—, HERLE) OF(LICHEVER

scores for bicassessment.

BEN*REDLDCEMT HIERE L
EFATHD,

7 AU A NEE U.S Fish and Wildlife
Service? Cik, #— 7 v MHEE#HTD 157 1
DEDIZ-DWT HEP £FT N %A L H—F v BT
LVHETCHLRATE S X DA TR LTy
Do
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Species Index (Habitat Suitability Index) '

(http://www. nwrc. gov/wdb/pub/hsi/hsiindex. html)

American Alligator (441 KB)

Atlantic croaker (420 KB)

Atlantic Salmon (3768 KB)

Barred owl {428 KB)

Bass, Striped (2,164 KB)

Bear, Black (732 KB)

Beaver (5011 KB)

Belted kingfisher {2,114 KB)

Black bear (732 KB)

Black—capped chickadee (341 KB)

Blackbird, Red—winged (1,918 KB)

Brack trout {4,719 KB)

Brown thrasher (394 KB}

Brown trout (1,079 KB)

Bullfrog (2,053 KB)

Chickadee, Black-capped (341 KB)

Clapper rail (1,478 KB)

Cottontail, Eastern (2,209 KB)

Croaker, Atlantic (420 KB)

Cutthroat trout (4752 KB)

Downy woodpecker (311 KB)

Drum, red (larval and juvenile)

Fastern brown pelican (444 KB)

Eastern cottontail {2, 209 KB)

Eastern meadowlark (601 KB)

Field sparrow (1,365 KB)

Forster's tern (1,952 KB)

Gadwall {Breeding) (7,203 KB)

Green sunfish (6514 KB)

Gray squirrel (1650 KB)

Great blue heron (2,082 KB)

Grouse, ruffed (5665 KB)

Gull, laughing (508 KB)

Hairy woodpecker (1,850 KB)

Heron, Great blue (2,082 KB)

Juvenile Atlantic croaker (420 KB)

Kingfisher, Belted (2, 114 KB)

Larval and juvenile red drum (401 KB)

Laughing gull (508 KB)

Lest tern (3,160 KR)

Lesser scaup {wintering)

Marsh wren (1,593 KB)

Marten (583 KB)

Meadowlark, Eastern {601 KB)

Mink (2,263 KB)

Muskrat (2, 349 KB)

Newt, Red—spotted (1,820 KB)

Northern pintail {Gulf Coast wintering)
{474 KB)

(401 KB)

{378 KB)

Owl, Barred (428 KB)
Pelican,

Eastern brown (444 KB)
Pileated woodpecker (357 KB)
Pine warbler (275 KB)
Pintail, Northern (Gulf Coast wintering)

(474 KB)

Pronghorn (2, 125 KB)
Red drum (larval and juvenile)
Red-spotted newt (1,820 KB)
Red-winged blackbird (1, 918 KB}
Redhead (wintering) (1, 403 KB)
Ruffed grouse (5665 KB)
Salmon, Atlantic (3768 KB)
Scaup, Lesser (wintering)
Slider turtle (375 KB)
Snapping turtle {1,812 KB)
Southern red-backed vole (333 KB)
Sparrow, Field (1,365 KB)
Squirrel, Gray (1650 KB)
Striped bass (2, 164 KB)
Tern,

Forster's (1,952 KB)

Lest (3, 160 KB)
Thrasher, Brown (394 KB)
Trout

Brook trout (4,719 KB)

Brown trout (1,079 KB)

Cutthroat trout {4,752 KB)
Turtle,

Slider turtle (375 KB)

Snapping turtle (1,812 KB)
Veery (521 KB}
Vole, Southern red-backed {333 KB)
Warbler,

Pine (275 KB)

Yellow (1,073 KB)
White bass (7974 KB)
Woodpecker,

Downy (311 KB)

Hairy (1, 850 KB)

Pileated (357 KB)
Wren, marsh ({1,593 KB)
Yellow warbler (1,073 KB)

(401 KB)

(378 KB)

M EHOEY R MIBHEER-EOHS 1 &
WL TS, () UL POF 77 A LD KE
E &R,
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FRhiCE A A B4 % ATLANTIC CROAKER Rl LTHEPOEZ FARHET 5,
(Micropogonias undulatus) (=-<Enf)

ATLANTIC CROAKER (Micropogonias undulatus) (=~ Of)

Specific Habitat Requirements

(BREXMOmREEAETD)
RN FOKIBCTAKER 0. 5mElAE, RONIRTREONNTEL R ENS,
IR D 0~36CTAERL 6 ~32CTEM, HMATHIEMMENKLS 225,
< WBATIREE ¢ 0 ~70ppt THERE~H G Z MR XN DT 0. 5~18ppt
- fH CEEREmOLEY, Y (organisms) ~Th A A KT ERE

SRR BREBAHEVFELI R, T X RORIMEE LIETICE 0,
L CEREBEWVERITI LIS,
- KT IR SRR,

- #/3—  :over bare, soft muddy bottom & TR XN 5,
IR MWOIBETREOBTI L Rboh 5,
v

Habitat Suitability Index (HSI) Model (/\E % v FEHEIERETIL)
1) JEE (Model Applicability)
- HERADEIBE © Southeast Atlantic coast, the Gulf of Mexico coast
- Ffff  FE~R
s HRN=F AT (ANEF Y B FREBDOHEER S > k

CRANER y PORE S (BRI TEIRANES v FORE SRHETEENTORLY,)
- F3E L~ : US.Fish and Wildlife Service : HS [ EF /L OE%E (BREEOLROLH)

2) EFNLOFRE (Model Description)
Specific Habitat Requirements 7»& EL T 048 # % 31K

» Water Quality : ST (V1), {FfFMeE (V2), MEmE () (V3), HARIE (B) (va)

-+ Cover : ZEX (VB), MIEKEL (V6)

3 NEH o bOEEIEH Y7 7 (Suitability Index (SI) Graph for Habitat Variables)

4) HSI PiE &4 E (Component Index Equations and HST Determination)

« Water Quality (WQ)
oA T FiRF (Coastal Louisiana) : SIV3 & (SIVIXSIVZ XSIV3) 3T L 0 {&u i

flLo Hus (Other location) . STV3, STV4, & (SIVIXSIV2ZXSIV3IXSIV4) '

AR N )
* Food/cover (FC)
BINLZE (Tidal range) <C0.5m : SIVS & STV D L W /XUl
BAr== (Tidal range) >0.5m : SIVG
—HS I =WQ&FCO/EVE

5) Field Use of the Model
-HS 17 ACTHHT A BT R WAREFiE
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vV, 8% V, HESERE
(3A~97) {6 B~9H)
H I
-M -
2] "
0.0 r=rrr 1" L T S
0 2 5 10 20:30 10 20 30 40
FIU or mg/l ppt
V, BEBRRORKRE Vy & ’
(78~9A8) 1. Rz LssH 2. EROkE< 2mild
1.0 I S 3. BOKE > 2 mIUF
- [ 1.0
0.8+ L
E 018"
E 0.0'-" : 0.3
o4 s g
] i 0.4
0.2+ N
] 0.2-
0.0- S——
g'_ 2 4 & 8 0.04~— 2 3
mg/l
Class
T 2 V, B&amRaE
Vi, iigiﬁsﬂ“ﬁﬂ)ﬁg 1. T5%LLEHSE 2. 25~75%ME§‘E‘JE
s e 3. T8%LLEARERRL BT 4, |FEAEHRET
¥, SEITRERY, RdER5hi
1.0 .. L 1 1 1.0
i{: L
o8t § i 0.8
¥ O-B'J: - w 0-3-
: [ 2
= °‘4‘_:= - .4
0.2 - 0.2
0.0 N, S—— 0.0
10 20 30 40 1 2 3 1
ppt Class
B—7 nEfv rOEEERSTS7 12

RIIIE ¢ ATLANTIC CROAKER (Micropogonias
undulatus) EAFRIZMOEDIZ DT HET

[l

ARBRE SN TS,
EOXILBREERE YO L Hiza
hE— g, Z-F oy MRS E 2 TED

N/

Fig. 7 Suitability Index

heooeiFast

(S1) Graphs for Habitat Variables

MEBETH D,
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3—3 REOCHENFED O O

7 AU AHEFHES(NRC)Y D TRMNIO
HrBEEX LT, KUBEFEDDORESE T
X —2 N—1FfE (Keystone species), B\
FHE{EH# (strong interactors) 7z EDA
BomELETFLNTWDLE, TBEKDE
AR OBEE, BROWEREORER Y,
FREic & S<HEBORIEAE-IET TV,

(AN OB T HIEDE 2.77)
@ Ly & ko B AR TR OBIE
@BROEREORE (O TiRiihE
FHENEITE SN2 VES D)
@ BAROF Ff# g oOklE (D@ 0ERIC
X 0 WRERE DA F1TRIE L WiE)
@IEREOKEEHO T o =—D[EE

b DEREOHEMFMORIEN, £Ho
AE - EBBRBEORBEICERD EEXDLND,
O XD RBREOMENRSICE S FEEDE
ABHELT, ZZTHUTOFERERINT 5,
(1) BAY 7+ =7 oA 7 RAeEH

DEKRETA KT A

MO Y7 =T HoBRERCBIT S
7 AR (Coastal Sage Serub :C S S)
BT 5 NCCP (Natural Community
Conservation Plan: B AMERSFEH) (2L 5
132 o0 B (I A v
1) {REBE

1V 7 =74H Fish & Game and

California Resources Agency TiL. W

NMETRAROBRIRET A T A 2 OfR

EHEAZLTOL Y ICEREL,

OCEmEHRESRETZZ L
O E X IV T BOREN VO REE CTHi R
THILE
@ “EEBMIBENLOAE S v MEED
BENEW LHicdad
R HEOM G EE MR 50

2) {RIEXFEOIATE

AMHRII D Y 74T Tab A, W
AT IV VY NS RO—f
mEThD, AERZERTLHILODICUTIIC
AT RERT B OREAR L EAVE Shiz,

D75 =) 72 CENEL{RE
15,
HASRBaSECHAICSomT D/, /b
FACHBINSBL 0 #BELIZ D,

QI RERFEXOHFB I
ZOBEHROBMNEELZLRER T B
w7 DAEF y ML, DMEFEONT 2
v 7 OAEY v B LER TS,

OFER Y THET S ¥ TEHL
HWIHERELEAAE# v MIEWIIEEN
ety FEDH L0,

@ONEF v M EBEESETEL
HEOVWHH TR, ELAET oy s
TRAETIHAEH » b, XY
SMENDZMSI LI~ EZ Yy PEYVIFE
Luy,

OF#EEE =) F—CBITS
FHEIER Lo 4 o MIISZ L
vy FEYD, REICEED,
BIERCEA I, FOFDAEH v M3
BRI L FENDE Y v Mol T
WG EEOMREE LI,

OREXIIZERE HD
MNEFy bOT ey 7 IXE2REOH LY
B R CBRER IR A S E,

DIRFEX DR O DIRGE
HORW, ANANRBELEZITIC 0t
DOAEZy bOTuy 73, BIELRST
WAEY y by 7 0L BRNFEER

#HF A IC L DR,

RAEXDORENDFERTHL LR,
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3)

YA ETIEAEAMOEEX ST H37 A—

H— (3 DOBENMEIZ X )

VBT
A

- RHA R EMmESEERIZ
v &b, “EWiBEN
{fi{i (higher potential value
distriet)” & “HIfSoiRfERETL

(intermediate value area)”
PR ERICEKLITVTTH
5

< RN O B RED DD
A | Bl O o o o
D3y F (FRICETHEDO
SNy F) E. BYO B EMm
EAELS, Zhbobiird
WSV, BELHB
EemnBREOHED R MaR
ABICIHERELENEEZL
ns,

@ gt (mEreh

© FHlmAE

Natural |+ Natural land (XFIERE4EDZ

land OB —=DOhDH T THD,

FAET | - HFEE YL E TR A RO

IR A PAERREBL THhAT T

KERFE | - SO TRAOF L ET IR

EX AR DN TN RORERK
W&o THLHRT YT L
2D,

s EBEITEREL S 2~1%4
NTHbh,

U BT R AER Ny FOUTHE
HIITEHBAEEZRNET DS L
THRE~MB1,/4~1/2
A I

BE O | - mWIEOHKBE O =Y R~

ey HHIX TR 5 2 ERROER

BOFE |- 5l b T2 L7 4 XX

YRT v I T A OREHH
BEfEErE 2 2 b

< HHMDOMEIEED 20%80
BRERT AR AER A X
ZHAEZ Yy b

@ BTEN2 RMP RO KT

BRIz )

{3 filf i 7 #

EVEE | - TEORIHEBRELELY
HES | Do

E1T 5% | - NCCP (AAMERSHE)
it B D ERB R RERE L

RETLMLERDS,
BT ABRICIE, BRI
4y B RSETH
60

BT
A fiE

< AR O Y A BT E A A
50%

- BRI RIBTER R A %
ST )T AP Sk,
AETFEAMOKE S, B
B EEC ) TERET D,
ZhRECE WV E O
(Higher Value Districts}”
LR, (REX AT LOH
DR Y T ERD,

eSS |« 7y AL —AORIGE &

BB | 5.

HEHET | - B k-oTik, iy

AT A= a CHEE PR S
HVBENR D,

fEVTE | - ABEFIT D,

Bl | - WERITFT 44— a i

BT5E | BThH5H,

3}

HR o
TR
i

N L REBERELTEED
CIHEHTERON, BXE
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