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'MNRRA Mussel Survey ‘ : il ,}u}i_;lgﬁgz

- msg;m.&;mnm
During 2000 and 2001, we sampled 152 sites for mnsseis a)ang the entire Mnss:ssxppx National ﬁwet
and Recreation Area (MNRRA) Comﬁer whxch encompasses 2’72 mile stretch of’ the Upper M:ssmsxppx
River (UMR) (138 sites), a four mile reach of the kwar anesata Rwer (MNR§ near 1ts conﬂuance with
the TTMR (14 sites), and the lower Rum River (RR) near its conﬂuence mtix the UMR (xme sxte} 'I‘he
UMR stretch extends from approtxrnawly 20 miles nari:h of the 'I'w:n Cmes thmugh the 'I‘wm Cmes,
just below Hastmgsg MN. Five pools or reaches were mm'eyed and mdude fmm upsi;ream to
downstream; Coon Rapids Pool, St. Anthony Falls Pool and’ Pm:ls 1,2, and Upper Ptmi 3 bample

" methods were consistent. thmughcni the study and consisted of t;me:d semhes and hand collectmn of

rriussels whﬂe Wadmg, snorkel:mg, smd diving. Qu:mmatwa samples wem “also coll: }md and nmsnel bed
boundaries mapped at ﬁve sites mthm the U’MR Gver 12, 000 hve nmssals represmtmg 28 speetes
were. couected with an addmenal 12 species coliected as empt:y shells The mussal fanna of UMR Poois
1-3 appears to be recovering. smce its mpcrted decimatmn hy polluum dnnng the ﬁrsf, half of ihe 1900s.
This survey provided clear ewdem:se of recent. and xmgemg x‘ecrmtment :md many of the mdmduals
collected were less than 10 years old. - Several’ state Tisted spemes were: ecllsacted mcludmg two. listed as
endangered in Nimnesot& rock p@cketbaok (Arcidens confmgasus) and wmtyback (Quadru!c nodulatiz).
Reooiomzstwn is probably due to m‘xymved wat.er quality conditions over f:he past l&-ﬂi} yeaxs '
Furthermam. mussels are expandxng their range above St. Amhony Fa’llu (}nstoncally a fmmal bamer
1o upstream dispersal) as. ﬁsh now: ‘circumnavigate the two ﬁavxgatwn kmks A mtal cf 16 live species’
were collected from the St. Mthmzy Fa]]s Paol mc}udmg 10 speezes pravmusly pot reported &here
Zebra mussels were absent above Lock and Dam 1 and very scarce from UMR Pool 2 and U;:per Pool 3
and the lower MNR. - These UMR pools dxffer from those downstream’ {P’ooi 4and below’i where zebra
massels are ez.tremely ahindant and are decimating the natxve mussei wmmnmtres Iromcally, this-
reach of the Mississippi River beiween the Twin Cities and Hastings, MN once ueariy a dead zone, may
now be one.of the last big river mussel reﬁlges ini the Midwestern Umted States..
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) » 1 6 Intmductxon

Mmonal qu‘k Semce Great Lakes Netwerk Inventoxy and Momwrmg I’mgram (NFSI&M) fcr 2
adtimmzﬂ sm*vey work in2001.

‘a

decunated by ponunon &urmg the ﬁrst three-quarters of the 1900s (Fuller 1950) ,In t}w ;9705 the’ '

- US-Army Gorps of Engmeer&-St Paul stz;rxct conducbed a mussf:l survey far the 9. foot namgan ue L &

project. and’ faund only mne Iwe species at one sxte 1mmexitately be!ow the Fnrd Dam {Lack and Dam 1

-and onlya ﬁew scaitered musse}s down to ‘Lockand Dam 3 near Red ng, Z\va ai‘uiler 1980) No lwe '
mussels were found above the Ford Dam to just above the Fa]ls at St. Anth:my‘ They mpurted that the o

musnel commumty shﬁws puor eondxtmn 1ti lﬁ very sparse and sparadxc T’here was 1o pwderwe of

recent recnntment ami they daclared . ﬂ:xe outlook fora mussel renamsance i this trouhled x‘eacha »

is extremely poot and will remam so*...until radu:al 1mprovement m water quahty is - :
accomphshed m Forﬁmabely, there were radmal unprovements in water qlmhty in the Mzssxssx;a;;n
River fu}iowmg a successfnl cztazen $ campaign in the late 197 0s t’hat; denmnded the se;;araiwn cf storm B

water and 3an1tary sewars and baghar quahty eﬁluent fmm wastewaber f:reatment facilities pnmarﬂy no
vthe Twin Cmes The WNR 5 2000 survey effort i m I.IMRPoals I~3 documented ' mwvenng mussel
commnmty wlnch m pmbably due to unpmve(i water quahty csondltmns over the past 15-20 ;ears

’I‘hese baselme da(:a within the MNRRA Corridor : are the first: step in estab’hshmg a Iong term ‘
monitoring program and are cruczal for mmervatmn p}amamg of nmssel spec;es state ami regio wzde
as well'as within the corridor. These data will be addeé toa NPS I&M database on all senmt::g plant
and animal xpemes nationwide ami will ultimately be used for s apemes censervatxon in NPS ma;nngeé.

“units. These data will also be entered in the MNDN’RS Natural Herxtage and Nongama Research
. ng'rams ‘Iamral Hentage Inﬁ)rmahan “-y«tem. Ulhmatzly, fhtzse data mll be used for watershed
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“Pable 1-1.  Mussel spécies ecorded! from the MNRRA Corfider.

"Ms !sf‘mu,suta ‘speries of speeial conosrn, MT=Minnesots threatened,

%IF»—%mwwm enidangared, M};mxlxmnmé from Minnesota, FEuﬁ‘de«mﬁy sndangered

2

‘Species Comimon name Status?
'~Ax:£inanams lzgamrmna mucket - MT
Alasmitlonta nmrgxmtc élkioe MT
,‘Amblazma plicata threeridge
Amxdem mnﬁngo:us : mkﬁpocketbcak ' ME
‘Cutmberlandia monodonta: ‘spectaclecase MT
: I C}?domms m«bgrculam , urple warlybark MT
- Blipsaria Imeoiam ' butterily MT
E!Zgrtw masuium elephant-ear ME
ba spike MS
,,Z%Epwbkmmn trigquetra. snuﬁ'box CMT
Fusconainébena ‘ebonyshell CME
Fusconaia flave. wabash: ng’we
Lampsdw cardmm ‘plain pockzthook_' : .
o & h . nggms eye ME,FE -
2 Lampsulr.s mizqumd::n . fat moucket . ‘
Lavipsilisteres ' yellow: sandsheﬂ ‘ ME
Lasmigona mmplmmta . white heelsplitter
mmxgmw compreasa ¢reck heelsplitter MS
Lasmigona sostata fluted:shell MS
Leptodea fragilis fragile papershell
Ligumia recta = black sandshell MS.
Megalonaias; mfmosa washboard. - MT.
Obl:quam reﬂ'm threchorn wartyback .
‘Obouaria glivaria hickorynut Ms
" Plethobasus eyphyus shee;mose ME -
Pleurobema si‘itfoﬁa - round pigtee o MT
Potamilus alatus pmk haeelsphtter
Potamilus mpax fat: poeketbook MX, FE
 Potarnilus ohicnsis pmk papershell
Pygmwdan grandis » gm:it:ﬂeaber v o
Quadruls fragosa . mngermapielea!’ © “ME,FE-
" Quadrula metaneira ‘monkeyface - “MT.
: 'Quadmla nodalnm _ warﬁyhack CME
U Quadrula pmtu!am : pxmplehack
' Quodrula quadrula - ~ mapleleal
Strophitus un&ulutus : strsmge floater
Toxclasma parvus Ailliput: o
,'Tnlagumaz verrucose. , ‘ ‘pistofgrip’ MT
- Truncilla c&nmczformzs fawnsfoot. v
Truncilla trincata deertoe )
Utterbackin qube:xflix .fpnper‘ppndshel}. -
Total 4] -
"}’Ensstutiyg Fuller 1950
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n Aprﬂ 2{){}0 the U1.8. Fzsh and Wildlife Bervice {USFW S) :s=ued jeopzmiy opmmﬁ 1o the u S

S s e N R O R

within the mmm&mde 00,

L higginsi. @ fragosa (photo ourtesy Kevin'S. Cummings INHS).

Army Corps of Engmeers (USACE) on the fe&emily endangered L iuggm‘s in the Upper Missxssrppi
River system ’I‘he USFWS determmed the ma;or adverso eﬁ’ecf: % the ccmtmued existence of L

: ?;zggmm iy the upwwer transport of mmmdzgenous zebra mussels (Bmzsserm pabmrp ha) by
‘eonumercial and recreational vesnels The USI“WS bm!agxca! opzm«m Ks -
/Pmdent Altematwe (RPA) believed 1 neae%ary o avmd Jeopardy for L. Iuggms&, An RPA was’ for the
Corps to deve!op an L. hzggms; Relocation Action Plan and a: mamtormg program forL fuggmsz ;
.and other musse}s Asa result L. higginsi along with other specics llstad for: pmtechon m
}angsota v.erve relocated from zebra mussel mfested waters in Paols 3;1 z il 14 oi’ the mqsxsszppz
‘River to areas  within the MNRRA Comdm- m 2000 and 200L These re!ocatx '

baged on ﬁ:e resuits of t.hxs survey effort. 'I’Ins report wxll pmsent: total Bum HE
‘species mlocated and the:r lucatwn Qur data should be: consxdermi fur ﬁxture momtormg achv:tws,

a,Rﬁasonabie and

amas were aelécted

L R R

A e 3+
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2.0 Methods

" The MNRRA Comdor includes 72 mﬂee (115 9 km,} of the Upper stsmsxppx vaer {UMR} xmd four

miles (6.4 km). of the lower Minnesota Rwer (MNR} and: enmmmses appmxz ;

utely 54,000 scres

(22,000 ha) of puhhn and private. Imxd and water in ﬁve anecota cauntws {F‘;gum 21 The MNLRRA

Corridor bmmdary is somewhat zrregnlar and’ is roughly deﬁned as'the area emstmg ﬁom “blufl to
bluff” on each’ mde of the UMR, hwer portions cf tributaries of. t?ne UME that fall within this bmmdary

. are mcluded m the’ corridor, The upstream and downstream bcundary of the mm pormm of the
 gorridor extends from appmxxmabely 20 niles (32 km) north of the Tw:n anes near the cmes of Daytcn
- and: Rﬂmsey, m{ {River mﬂe {RM} 879}, through the Twin C:nes to the Goodhuef!)akota cmmty lme

3ust south of Hastmgs, MN (appmxxmste xmd»pomt of UMR P‘ocl Jat RM 8(}7) “Four. poois or reaches

_and an’ upper purtmn of a ﬁﬁh pool fali mt.hm this smtch and mch:de fmm upstre&m £o dmstmam,
Coom Rapxds Pool (C’R) (abcve Gmm Rapuis Dam), St. Anthany Falls Poal (SAF‘) (a’bavf: St Anﬂaany

Falls), and Poo’is I, 2 and upper 3.- Wa deﬁne ‘a peal as a segnmnt of the river, sepamted by lacks and
dams. Pool 2 comprxses nearly half of the. study area (32 'xmles, 51.5km) and consists of three dxstxnct

‘reaches that dlffer in habitat and mussel species composxhon and reiahve abundance «Therefom, fora
more ac{:urate mterpretamon ofthe results we have sub—dwnied ?ool 2 mm three dlstmci reaches, .

Upper Pool 2 {Lodk and Dam 1 to fha confluence with the anesom Rwer}, Middle Pool 2 (anegota .
River to the I- 494 Bndge at RM 832 5); and Lower Pool 2 (1-494 to lmk and Dam 3) (see Figure: 92:1).
The lower m reach extends from the 1:494 Bridge in B]ouzmngtcn, MN io its: ccnﬂuence with the

N UMH at Upper Poal Zin t?:e Tywin Cmas Another mach Wlﬂlm t}m MINRRA Corridor mc’iuded in the
-study was the iower Rum waer (RR) near its conﬂueum with the UMR at Anaka, MN (see F:gur& 2—1}

The mussel survey was conduci;zd durmg ﬁ'xe Snnm\er!Fall of 2(}00 and 2001 usmg two: snmp]mg
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-or inside desmndmg}, in side chmme?s, in edthes m

~in‘one of ﬂlme age cias&&s,
~Jlength wem detemuned fur each spemes’ mzmmum sheil Ie'ngth anm
St least one. lwe an& one empt;y she 1 of each species from pachr Tiver and;_pool ané depesxted them at the

MNERA Mussel Survey S T Tuly 2002
and zeﬁrém&ssek:attacﬁe&:to rziative' ‘musSals collected wemmted aﬂﬁdesmyed. G

221 Qual;tatwe Samplmg (t:med smrches) ,
Sites to be- sampled were: typxcally xdeﬁhﬁed by consultmg a nnvxganon chm anﬁ, by ecmﬁuctm z

_ recunnmgsance searches by ‘braj}mg and/or bank semhes We mmaliy 1dennﬁed areas from the '

nmngaf:mn chm-t that s we axpecta& to’ harber mnssels ’based on our expen@nce n ot"her reaches of the

"'stsxsﬂippi Rwer and: umssel habﬂ:at pref&mm:e- ’I’hese areas were nonnally along mther i)xmk {outsxde .

: -betw&en wmg &ams orin other sunﬂar habxt;at
We usuall;f avoided the mam channe! emded or unstabie ‘baxxks and max with consxderahie human

: dzstmbance (1 e, Imrge ﬁeemglloa&mg facﬂmes, marmas, efﬂuent dxscharges, tmsh etc..). We zhen

" mn&uated recmmssance seatches to better 1ocate gltes for our tlmed semhes Reconnmssanc& :

' mcluded bank searches f’ar empty: shells Iocatmg h:ﬂntat that' appeared fa%ra}ale {i’e., stable and

- safficient ﬂow or wave action to mmntam a relatwely sﬂt free but stable substram‘} and theuse of &
depthi finder to determine b

ttom cnntonr and’ depth During: 2000 we: aisc conduct&d fivwmmute brail
runs. The hrml consisted of an’ ezghi foot wooden bar with several crnwfont shaped h{m‘ks attacheci 10
each'of 28 x 12 mch Tong: chams ‘I‘he bar wis dragged along thet nver hcttom, d;ownstream, and
para}}el to the hank Mussels were eaptm‘e& when they clamped downt an the ‘hooks, However, we
abanriomd t;hxs methcti in 2901 and had equal success in xdenu&mg sites to sample ﬁ-om our initial
mmnnaasaancé searche’s Sxies wem numbered from upstream to downstream and were continuous

throughcut the Missxssxppx vaer n'resyecme of. reach “The' anesota amd Rum rivers were numbersd
sxmﬂariy, startmg 'mth S}te 1 at the ‘most upstmam site. L

At each sxta, two or three dzvexs }mmi cnllacwd all live and dead musse!s }Jy crawling along the river
bottom; wnnnually sweepmg then*imnds back and forth szﬁmg through the substrate, while looking

-and feeling’ for musseis Qna*pemun hour/site was targeted ‘a8 t’he sean:h time and ‘sites were f.yp:canv

spaced no more than one; mﬂe (1 6 km} apart vaers typmally seamhed al} mwrob abitats at a

, ‘partxcu}ar site w:th the. mteut of lacatmg }ugh rmxssel denmﬁes and ool] tmg as many lwe mu*xsels as
. ;xess"hle, thus ma:miimng the chance nf coilectmg all specxes present All mussels collected were p]aced

in mesh bags, bmught to the surface,«xdentxﬁed tc mmas, counted and d by an extema} annuh
eount (Neves am} Moyar 1988) Tc compensate fnr the srmr assomated wﬂ.h agmg‘ mussels w'ere placed

; &10 and?lO years old.. Wsthm each age ciass umzmmm and maxlmum

rapostener axas) We coliected

{Iuwersxty of anesnm 2 Jamea Ford Beil Musenm of Namral Hmtn Mollnak Ooﬁectmn Al othars
were mtnmed to the: appmmmabe lﬂcatmn where collected. These specxﬁmns have been 1de;nnﬁed in
the NPS I&.M database For aach sxte, time: spent sem};mg and generai habxtat con&xtmns {i.e, min.
max. depth, suhstrate Isﬂdsandfgravelfwbblefbaulder} mu;l genera} npanan zone commem%} were .

6
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“the time spent searching i’m* nmssels (live nmgselslhonr} One centra
: recurﬁed for eafh mte to mark t}xa szte’s general locatmn, :

- -Sites sampled. by timed searches that hax‘bored a zpemea rich and/o
: :contmm& mré &pecies, were chosen as areas tobe quanﬁtahvely samp]ad Quanhtatwe samples were
_:coilected in 2001 at five mtes, all mﬂzm the UMR proper Theae areas: am refan-ed ) as Beds 1~51 and
a8 mﬁx quahtatwe sn%es, are m‘gamzed from upstream to downsiream Beds Tand 2 ‘were. m; the head of :
the SAF Pooland correspond to qnalxtatwe S;tes 22 and 29, mspectxvel v. Bed i : '
' 'Pool 2 and correspond to Sites 58 ant’i 86 respectweiy Bed 5 was in >Iﬂwer Pnal% and comspands to
fSate 7.

',At each sité, pnor o quanutatxve aamplmg, divers: dehneated the appmxnnawbaundanes of‘ the. bed
' Divers t:ravemad the Tiver hottom to, estimate mnsse] dens:ty, placmg a1 y

MNRRA MuseslSurvey o iy

rewr&ed, Catch per unit effort (CPUE) WAS calc;ulawd as ﬁle number: of m&ivid sl Ilectaddmd d by

Iy located GPS coordinate was:

222 Qamtﬁm‘we Samplmg

ﬁenwmmsei commumty, or that

' : ,permxeter of t,he bed 10 aid the' surface crew in mappmg ﬂxe bedg baund o i
v ‘placement of mdm&ual quadmts Wzthm the ’bed 80 that the samphng eﬁhrt: was dzatxibuted thmughout ,
'E:he me '

‘A diver coliecied total -mb%traw samples from e'acb mhe usmg a {} 25m3 miaml fmme qumirat thh a

mesh bag cons:stmg of % inch mesh. ® mm) attachezi to recewe t;he colleﬁmd sample 'I'h nnmber of
- gamples per. mte ranged from 25 to 40 dependmg on tha size of ‘;:he bed, : Y_Quadrat ylacement was not

random, mtbar we attmn:pted to distribute the samples thmugheut the enti re ’bed Each samp}f* was
hrought to ﬁxe surfww, fine xuhﬁtmtes rinsed through the bag, and all ’zmxssa]w renwved AII Tve natwe

- mussels were xdentzﬁed agedg length mezzsumd numbm of atta;;bed zebra mussels recorded ‘and t;hen
returned to t,he appmmmate Tocation u‘hem collected. GPS coardmaf.es were mcurded along the -
perimeter of- each mussel bed to approximate the ares and hcahan of the heei. One-way ANOVA
f(ﬁlowed by. Tukey’s xtxmltf;plei comparison test followed by Bonferrom con'ectmn wm nse& 1o campare

musse} densxty_among beds

Diver with a full bag of -
muszels from o timed
“search deft) '

¥ Working vnp mussels{;nght}




3.0 Results’

A total of 152 sxtes (60 and 92 durmg 2000 and 2001, respectwely) were sampléed within the MKNRA

_ Corridor via tmaed dive searches (qualitative) (see Figure 2-1). During 2001, five of these sites were

also sampled quantxtameiy Overnll 12,290 live mussels representing 28 species were found and :m

addthonal 12 s;:ecxes were found as'émpty shells (Table 3-1). Below are results for quahtamve aamp!es, =

first’ summamed collettively then organized by reach, followed by qua:ntxtaf,wa samples orgamzed by .

‘gite (bed).

During quahtahve samplmg a tatai of 11,932 live mussels were found including all live: (23} and dead

(12) ﬂ}:)ecws recurded m the ctutiy (i e;mo additional spec:ses cnllacted m quantitative samples; (see’
Table 3-1). Sampie sztes were d:zm’buged f‘mrly evenly t,hmughout the ‘study area (sec Figure 2 1 and

. average txme spent seamhmg for mussels was shghﬁy greater than cne«»persan hour/site but vaned :
{mean 64 3 person nnnntes/sxt& +34.0 stdev {mnge 5to 20!}]} Overali average CPUE was 71.4 hvs
‘mussels/hr, but was highly vm'iabie mmughout the study {x939 stdev, range 0.t5 504. musseisfhr)

‘Although no fedgral}y andang&re& species were found live;. old sheﬂs of the. federafﬂy endangered L
Higginai. and Q f"agasa were co”ﬂected, an mdu:atmn of their famxer presence in the area. 'I‘welve

‘ussel” :pwes listed for pmtectxcn m ‘Minnesota were collected Jive. These included two listed ‘15

endangered, the rock pockatbuok (Arcidens mnfmgosus} and wartyback {Qaadmla nod zdatcz} (see Table
31, Gvemi} ‘the mm.,el fauna mﬂxm the I&RIRRA Comdor was doxmnated {in descendmg order} by;

"thrae horned. wartyback (Oblxquarm reﬂexa} ﬁumﬁdge u&mblema plicata), deertos z’rmmmz
‘Fruncata), aha mapleleaf (Quan’rula quadmla} (see Table 3-1). However, as with CPUE, individual

speties. occnmmce ami relam'e abnudance were highly vnnable among pools and rivers and even
_Janmng smes within pfmls -For mdmdua} spacwx dzsm’bnmns thmughout the MNRRA Corridor see

“‘maps in Appendxx Tand fnr species,’ ‘pumber. of mdivxdnals collected, zmd CPUE for ezu:h site see tabies
~in Appendxx II; “For UTM ooordmates {NAD 1983) far each site. samplad see Appendm m:

’ ’.The mnsse! famm wﬁhm all reaches of the MNRRA corrxdoi' was mlatwely young mdxcatmg that recent
g repro&uctmn and mnutmnt of young mdrv:duals has occurred thmughout the comdar and d:al until
' 'menﬂy. mussels were uncomnwn Most specxes were dbmmated by young i mdmdna!s f;<11 and <6

years'old) (F!gnra 3-1. an*ev&r. afew. nl&er relmt puyulamms consxstmg of nuly a few mdwxduais

- were also pmsent indxcatmg that | soma species apparently have been present fox a Iang hme and have ,

“not. reeenﬁ:r mpmdueefl
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Statust
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- ‘Pablg 81 G?verall nmssel spemea vichness and. relatm abundance mthm the MNRRA@Q cride

Qﬂmtﬁaﬁv&

No.

- “?No\fi'il N

 Epioblasma tri

Fazeauam t?bgmz

» Lampsdu tems
. Lasmigona mmplannza' :
R Laxngtma mmpmxm L

Obltquarw reﬂexa

 Obovaria. alwm-w

,PIethobam cyphym
f’leumbema smtaxm

' Patamilns alﬁtuz

,Fotamdus a)uen&zx
Fygzmadon gmndw
Qundm!a fragaaa
Quadrulu memnevm
thdmla nodulatc
szdmla pustuiosa
szdrulc quadmla
Sirophitus undulatm
Toxalaama parvus
Tnmganw verrucoss

‘ : Tmmud dﬁfw&‘lfaﬂﬂ”
 Truncille tmnmta,
Utterbackia imbecillis

Total

No tive. spex:ms
Total species
No mt&s

C‘PUE ino hveﬂwur’i + stdev 4

E5E5EEEE

ME,FE

BE

ME

6

.’3

1899

751

D

20
218

2981

6
o)

.
343

105
1.
179

,1"439 L

11,932

28

40

152

o1

<0,

189
o3

D
D
D :

1401
D
D

18 '

23 .

<01

5E
18
<01
v 259 -
01

01
29
09

21

<01

18

15
125

16

04
147
<11

4. 3*84 0
: 7L4*93 9

@R

Bmamt

4o -

58
16
.18

Ser

a4
4

1 e

' imsuamnnemw species of special concory,
ngmmwz from Minnusota; F’Engdemlly zn

Ca!ledaxl a5 empty shell,

ﬁmzmnnm threatened, Mﬁwl‘fhnnwtgm langered, -

zimngem&
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MNRRA Mussel Survey

o ind:v:dua! Specnes Age Ciass D:stnbutmn

Eff' ipsaria I:neo!ata .

f.asm:gona compressa 5
: Uﬂemackia fmbec:ms :
: ‘, . Am:dens confragasms 8

 Potamilis ohjensis

Trunicila donaciformis:
~ Obovaria olwana
Quadm!a nodulata’

Lasmlgona complanata:
Lampsz[;s sil:quo:daa '
Pyganadon grand:s‘
Truncilla truncata -

RN

Lampsilis cardium

I.eptoa'ea fragilis E

Fusaona:a lfava

i if-.ﬁ >10'years

SUCR—

’Qb!fqua{va. rjafa'exa :
Pleurobema sinfoxia |
Quadula pustulosa
Quadrla quadnila

| Ligumia recta
i | . Amblema pfmataf:
. Pafam:fus a!a!u& :
sfmphffus undulafus
Quadm!a mefanevra'i :

Acrfnmaias“ igamentfnaj '
- Eliiptio 'd:!alata :

Afasmadonta marymai ; '
' Mega!ona;as nervosa '

o 0% - 20%  40% 80% _
Figure 3~1 : I;:ﬁmciual sp&mes agfa clase dxsmhutmns fmm tﬁmed‘ 5ear&xes wathm ihe MNRRA Co‘ . dor,
20&0 oL - T
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, gravel bar' Cai;ch, per umt eﬁ’orb was: 105 0 musse]slhr and L cardxum L. smqomdea, and L reda -
.were a}mndant {see Append;x m.

' "Mussels were scarce m t,}m downstream pt‘:rt‘um of the WL ’I’ms waﬁ pmb 'bly due to the pmrer hab&tat
in the ‘iower pc(!] assocxated with impoundment (x.e Tow. ﬂow, sﬁt/sand substrate). Only 19live mmssels
“of t¥o species were coIIected at four (13-15, 18) £ the sevén sites at:
'wem'completely absent, f.‘mm Sites 3 18, 17 and. 19 (see F1gure B4 and: Appen&m H)

'

e lower end of the pool. Mnssels

- Cloguet Istand (Site 6 RMB75.5). i recta (photo courtesy Kevin §. Cummings INHS).

n




Reach | o

Figure 3-2. Muissel species richiness:

within the MNRRA Coz'ridpr reaches from timed searches, 2000-01

1 sgj :

No. liverhr.

CPUE/Reach

Figure 3-3. Mussel abundanee(mﬁ) wi

in the: MNRRA Comdﬂr from timed searches, 2000-01.
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i ”Pable 3-2 Musscl spemes nchnzsa and reiatzve abundarice for ew:h msmssm :

Mzss:ssxpm Btver Poul

51:'Up}$er2 M}&dle

. Lasmt’ganu complamta :
: Lasmxgam mstata’

Leptodea frogilis

, L«gumw rzcta"‘
, Megalamm mrwm’

. Obfzqua" mﬂaxa

Obovaria olmana‘

- Plethobasus: e‘vp?wus“'

Pleurabma ammw*
Pommdug alotus - -
i’atamxlm ohignsis

' Pyganadon grandzx

Quadrula fmgom"’ :
QM&”‘I" metanevm’*

Quadrula nodidata*

Quadrula pustulosa’

) -Quadrula quadrula’

Szmpim:w und’:dattm
Tvxaiasma pemua o
Tntoganw verrucosa®

g Tmmrdhz clomfarmm

Tnmmlla rrumzam 7

“Total

No. live species
Total gpecies -
No 'sités

‘CPUE {No live/hour) s

ﬁev

366624
07199

4 07

87 148

‘587

6
5
19

 Ave timefsite (min) & ider 8425398
22 0+99.9

265.

182

.88

138

®

41

302
~ 116

33

543

20

96.8234.8
6741618

%5 16

54

12.2 "
30

«<0.% -

54

41

.63

<ﬁ,1

113

01

19

189
B3

15

25.0

| 2;2.175
16
16

180186 ¢

62 7T M9 16

16 20 B9 24

.99 123 719298

173 214 675 260 1200 &7

8

20»

L
Qt .
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01

4. 06 21
237 2903 202 B4 ]

28 35

@ % 0T e ew 5};@:":
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i

160 07

808 2410 175
17 %4 25
14 I & S \9.

71 82269 63, 32303 58.34343
2436, ’i’ 142 9:1!3 ‘9’ 20 o;-eo 5 ,

s
0.6
11

7

9T 08

1,-224; 382

<0

1806
28

46 14
n9 87

1 <0;;l

78 24 -

40 12
668 20.8°

335 101

3,208
20
25

- 40

' ""553 ﬁ& 1

0

? ft

-
48 52&" T

01 .

02

02
01
01
AT2

02

g

1.6
1.1
2.4

27

28
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*Listed zpez:m* I)vf‘gﬁr-a&m} & t‘mp&y s‘heﬁ,
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o wahasb pxgme {Fuscan
o Table 3-2)

'nmnd pagtoe (Pleurobem smtoxm} is, hsted as threatened,m anesuta. -

A relaﬁvely ymmg musse1 comnmmty occurs in the SAF Pocd {Figure 3—5} Overall izx ﬂ}e SAF Pool

1% of the mdmduals collected were <11 years o!d (?D% of ﬁxe'l “hew" specxes were: <11 years o]&}

,, ,Every specxes was repmsenmd by mdmduals <11 yeam old and all but syems was mpresented by
mdwzduals <6 years old. Thxs indicates. recent. recrmtment and sumlar w i:her z‘ea&hes thhm ﬁ]e :

' MNRRA Comdor (see F:gure 3-5) These data mdmabe that the 10 néw spemes repwted fmm the pool - i

w’lomzed the ‘area reoenﬂy

-Saveral s:tes sampled w;thm the SAF Pool supported a dense and specxes nch mussel eomnmmty As

with the CRPQO) these sxbes were located in the upper’ port:wn £ the'pool w heTe 'ﬁbxtat appeared most
favcrahle, Hab:tat msmted of. altemanng riffles, runs, smi 'pools an water depth was typwa]ly <2m,
) These sxtes were dxstnbuted fmm xunnedmw’iy below the Cmm Rapzds Dam downstream to just helow |
- the 1694 Bndge and are desrgnatedas Bites 21; 29, 25 27, 29 ¢ ,and 33 » -4 ;
'nchness and ahun&ance (CPUE) ranged from 10 to 13 live spectl sand § : 01
mtes, respectwely %ppendxx 1. Mnssela were. mest ab:mdant (>200} & Slte 21 (ad}ﬁeem to I)unn
Izs'i:md a)ong the left descandmg bank) and S:te 25 {zmmdmf;ely baiow' fi]} Island} Sate 25. abm
harbored a s;mecwﬁ nch €121 mussel cumrzmmty and halmat was pamx:ulaﬁy newworthy s j }
_ (sand/gravelfpob‘bie compaat subztmw, 12min depth} Adximona]ly, the West.: channel ad;aaent to the ‘
' next island dnwnst;z‘eam, Duruamlsland Imrbored a dense and spemes
29, 30, and 32} Fmally, Site 33 mnmsbed ofa Iong (300—4001n)_narmw band of nmsse}s aiong the

ch mussel commumty intes

15




MNRRA Mnsj;se} Survey

- Mussel Community Age Class Structure / Reach

‘ B>10 years '

: Reach

Figure 3-5. Muqsel community age.q class sf;mx:ture for each reach thhm MNRRA, ‘Tm;al MNRRA, and
in the lower St. Croix Ihver, 2000-01.

outside nght de@cendmg bank dnwmtream af the 1894 Brxdge Habuat at Site 33 consisted of a run
‘with éampacted sanﬂ!gmvellm‘h”bie substrate and water depth of 12m

Although mn,_ssels wem not n]mndant zmd habitat not as f:worable a8 upstream, the lower portion of the
SAF Pool {Sxtes %39) supported 11 lwe species. (Appemhx ID As mth the lawer CR Pool -gubstrate
ami flow: weria 3&88 t}mn i&ezﬂ for musgels due to the mr;munded natum of the lower ‘%AF pool. - 'I‘hxs area

‘also Ties' at: t}m head of the navxgntmn system and wdhm £3 hzg‘fﬂy mdustnal regmn of aneapohs.
Adverse nnpac’ss to: the aquahc enﬂnmment were oImons (conmdamble barge tmfﬁc ancl loadmg
fmnhth‘ i:rsmh a:nd de!ms and efﬂuem dz«:chargesi

Uypper SAF Pool niear Site 25, Iookmg upstream “I"he Falls at St Anthnny, from Site 40 between
at Banfill Island (left) (RM 863.5) upper and Jower St. Anthony Locks {RM 8E3.5}

16




Coon ﬁap’i&s i&am ;

Lheney islans

Bed1

-
[4
H
:
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g gy

:

: ~ St Anthony Falls.
1; : ~ Lock and Dam
+ Cuitaive Sample Sis |
‘ _f__‘ L;:!:tww and D?aniﬁavm Sampie e Fig{ﬂ‘e 3*6. Sites sample d Wi ﬁﬁﬂ the
B s e St. Anthony Falls Pool 2000-01.
B pen water ‘ ' L
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313 Pmol 1 : . e
“Pool 1 snppm’ted a mussol commumty s;mx}ar f,o the SAF P 14 m spemes nc}mess b it muaseis were

: shghﬂy Tess ahundanh {sefe Fxgnms 3‘2 and 3-3). Bxalahm abunéance vanad shghﬂy in compmSon with
,:the bAF ?onL A totaﬂ of B&}S mussels af 15 gpecies. were wllected- at 14 s:iesand m'erage CPUE was
"Imderately iuw (48, 2 nmssels/hr) in Pool 1 (see Table 3-2). 'I‘he cummnmty was dmmnated })y Q.

" quadrula (29, 3%3, A. plicita (21 4%3, and F flava (18.6%) (se Table 3.2). Other abundant species
(5% wiclude T, fruncata (12. 3%) and O rgﬁem {7 7%} and seve:ral specws were fmﬂy COTIMTION
inchiding Q. nodulata (3.5%), one af two anesota e‘ndangered specxeﬁ found lwe within the M“NRRA
Corridor (see ‘I‘ahle 32)

‘As with most. ather reanhes, 2 mlahvely young con:mnmi:y was faund m I’ml 1 {see Fxgum 3-bx
“Overall, 75% ef the md,'f xduah eﬂilﬁct&d were <li years oid and 93% m}d 80% of the species had .
that were all dl years old

'mdmduals <11 and. <6 years old, respectively. Sm species had individuals
mmludmg all 28 live Q niodulata coﬂecteti As with' ihe SAF Pooi and’ st oth MN'RB.A reaches, xt
‘appears muzszsels haver éeﬁtly mpmduce& here and/or have co}amzed Pool 1 pmbably from downstream
reaches via ﬁgh infected wxih glochxdzm ’

TUnlike the CR and SA} pools, ’thg most dense and’ spemes rich mussel mmmmutles were ﬁmmi in the
middle and lower portmn of" Pwl 1. Only Sites 46, 50 and 52 supporte& hea)thy populatmns in Pc)ol 1
{Figure 3.7 and Appendxx }1’) At all three sites,’ nms:sels were foumi alcmg a sand bur or sand beach in
12 5m water depth in mlmm;;ﬂ ﬂow S}te 46, located md-spcol suppart&d the highest number of species

. (12} and gmaiest dfmsaty (135 8. nmssals/hr (see Appzndxx 11). Sites 50 ami 52 were at the ower end of
- thepool and speme% ncimess 18 ami 10 mspechvaly) and abundance (' 76, a1 and 74.0 musselsthr,

: resp&ctwely} were smuiar betvm:en sltes (see Fxgum 3-7 and Appendix I1). Al Q. nmiulam were
mllectx%d fmm the: k)wer ha]f of ?mﬁ ZI ami nne-ha};f (14} of the md1 duala were coBected from Sxms 50

‘ ﬁppi‘;rl’nol 21 Sm' 42 downtown
'ane&polis iy fhe b&ckgmun& {RM 853).

18
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== Dam
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Figure 3-7. Sites sampled within Pool 1, Upper Pool 2,
- Minnesota River, and Middle Pool 2, 2000-01.
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. 3.14 Upper 1 wa 2

: ’I’fhe Upper Pool 2reach supported the most dense tnd one nf the most. specles rich comnmmtxes a‘ﬂmng

. the teathes m the’ stmiy (see F;gums 3~2 and &3) A total of 2, 410 nmssels of 18 live species were
collected at 13 sztes an& average. CI”UE was 142.9 muasels/hr (see Table 3-2). The comummty was
dommated by T tmm:am {29 8‘&) and A plicata (28.0%). lelquana reflexa (: 1&5%) and Q quadruia
(8. 4%) were alse rela::vely abtmdant (see Table 3~2} -Most of the remaining- spemes were uncorsmon.
{(5%) or rarze fcl%) including three spemes listed for pmtectmn in Minnesota; Q. noa’ulata. (2. 6%)
{endangered‘) L. recta (1. 5%) {sp&@zes of special concern), and AIGSmtdomta marginata (0. 1%) -

, (thmatened} (sef* Tab!e 3:2). ' '

‘ Bfmmg mdmdna}s agmn domated the mssel aunnmm:ty n Upper Pool 2 and most specms wem
R - mpmsented by ymmg mﬁm&uals Ovtmdl 0% nf the mdmduais in the x:ommmnty were <1l years old
' o Asee Fxgure 3-5) and ’:‘8% af the spemes were mpresemed by mdmdua]s <6 yeaxs old However, all
- three A zzuxrgmam coﬁeﬁt&d wwthm the enm'e mnAcomdor were fmm this’ reach and all were oid
; mdw:duals (>15 yea;rs b"ki) (sae F’gure 3~1} szen the icrw numher of mdxvuiua}s collected and the lack
of- recent repmduc’twn, the potenmﬂ exists for- this spemes to become extxrpated from t;}m comdor
Conversely, appmmnmtely 88% ef the Q. nodulata: eoliect:ed in Upper Pool 2 were <11 20% wera <6
. years ef age. ‘ ‘

The- Upper Poo] 2 reach extemia fmm mxmedmtely beiow Lock and Dam 1 to the lower end of Pike
Island at the stmssxppx River conﬂu&nc@ thh the aneseta River {see Fxgure 37 ‘Habitat i in this
reach: appeared fammb}e for. musseis with modarabe ﬂnw and water depth f*'mm 1~4m, Substt-at,e
appeared stab!e, conmstmg of a ccnsolz&sted mxxmre of sand gravel cabble, and bm:x}der Sevemi sites
harbored a dcnse and species. nch musse! community mclud;mg Szten 54, 57:60, 62, ﬁa and 66.(zee
Figure 3-7) Catch per. unit eﬁ‘uﬁ rangeﬁ from114, 5 1o 336 0 musselsfhr ‘among thesa sﬁea {see
. Appendix II).. Site. 54 was ad;acent toan. unnamed ;slami xmmedmtely dawnstmam of Lock and Dam 1,
‘ -’I‘we!ve apemes were collected here. mclmimgA margmam {threatened} and L. recta (special. concern).
: Sxtes 58 and 86 were also. sampled quantxtsmvely because they supported the gmatesi; number of specles
- ‘(15 and 14 mspectwely) mcluéé& mm spemes, and ha& a high CPUE (see Append:x m.

\ | Gver 1,060 hve mussels of 15 specxes were collected fmm Sxtes 5? 58 and 59 wh;ch were posmoned :
= close together near I\"PS Islzmd 103 01 (see E&gm‘e 37 and Appendxx . Quadrula noa’ulata and L.
,rzcm ware pnesent at all three sxtes. Slte 60 Was aerosz t;he stsrssxppl Rwer from: the head of Plke

H (CPUE 336 0 mussels!hr} and 13 speczes were cﬁllected (see A;}pendzx II} Szte 66 was ihe axcephcm in
habitat type for this reach. This site was at the lower end of Pike Island in an €ddy, current veloeity
was low, and substmw'canaisié&: of silt and sand. Site 66 supported the second highest mussel
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B ‘subetrate in areas whem sc:mnng does not oct:ur iconswts of sx]t, muck and trash

M.’NRRAMussel Survey : : LT J’ulyZﬂOﬁ

3.1.5 Middle Pool 2 ‘
Although it suppox‘ted 12 species, mussels were not abundmnt through most: of tha Mtdd]a Pml 2 nach
Atotal of 175 live mussels were found and average GPUE was 20,0 musse}mr (see Ap;xmdax, ),
Mussels were. sparse or absent from seven of t?ae nms sites sanipled ('se Appen&x m.: Otxly one sxte

' Site 68 supported A dmse and. specws nch nmssel connnumty@ Thxs sxtxa was iminad ¢ fo
‘of the. I~35E Bndge, approx;mately one.mile: belo :'j"the ‘Minnesots ami Mnssxssxppx
Ezgure 3-7. ami Append:x ID. ‘Atotal of 138 musse]s re;)resznhng elght spec:es were, coneefzad and
CPUE was: 184 0 mussels/br at this site {sce Appendlx II) 'I‘he cnmmumty at t}ns sitowas dmmnated
by A. plicata (57,1%) and 0 reﬂexa 1(20.0%). Also, included in the: asseni}:lage were four. Q nodulam

{2.3%), the anly site in this reach whete this species was collected:

vers. mnﬂuence (see

Only six hve mussels were found in the appmxmxata i;wo mﬂe 3£:mt<:h af r:ver at tlw 1awer end of the
reach where three NPS mlan&s are lucated (NPS 111-01 111-02; 1114}33 {see Figure ‘3~7) Aquatm
‘habitat was }nghly degmdeé in ﬁm area and substrate mnsnsted pnman}y of sili and muck that
appeared cantmualty disturbed by barge prop blasm and rmcrmg act:xv:txes Several bax:gew were .
pushed up ﬂnm banks, and two sxmken ‘barges were absewed.

Interestingly, ﬂns Maddle Pﬁol 2 reaz:h once harbored at least 26. Specxes ‘In addition tu the 12 Iwe L
species, we collected bld sheﬂs of 14 addli:mnai specx% (sce, *I‘able 3-2). The Toss of species. and 1ack qf
live mussels thmughaut the mgonty of the reach 1% pmbably a resﬁlt of poor water quahty a:mi o
unstable deg:mded ‘habitat. Th:s reae:h is xmpactﬁd dnmctly by the anesam Rwar, whxch has a. hmg
history of contnbutmg msxderabie agneultural pollﬁtwn (pestxcxdes and harbxmdes} ami erosmnal silt
runoff (’Bnght etal iS‘E(}} to the l&issxssxppi River at the head of t}ns reach. Although water quahty in
the stmsszpp: River hag dramatically improved, xt hasn't for the Minnesota River: Furthemwre most
of this reach iz within the city Timits of St. Paul and Ioss ‘of halbttat e 'f verfront deveiupmm,
dmdgmg, and. mdustmal activities (Le., _b'u"ge Ioaﬁmg facuhneai have rcduceﬁ and altered the' aquamc
“habitat, 'I‘he channel is rqther constricted here, flow i’ oﬁsm ext;reme and scnurmg n nature, and

L«mkmg downstream tbw&r&s St Paul fmm the base of Pike -
Island at the eonﬂuznre of the Minnesota and Mxm}ss:ppa rivers.

Downtown St. Paal:
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’I‘he mussel connnnmty mpmves dranmncally in the Lower Pooi 2 mach compared to the reach
;mmedmtely upstream. Thm mach 8. re‘iahvely Iong. extendmg 15 rmles 24 Ikm} ﬁtom the 1-494 Bndge

' , ,9% nnd y: :‘pl cita (9. 1%5 (see Table 3.2). “Several Spef:xas were common mcludmg rwe hsf,ed for
'protectmn m'hhnnééota, two endangered (A confragosus ID 8%] and Q nodulata [2: 4%1} two
v-' [thmatened {P xmtoma 1<0: 1%} and Qwadrula memnevra {<0 1%}), and one spacxes of spemal cencem ‘
- {Lorecta €<O 1%}} (see Table: 3-2)» Arczdens canﬁ-agosus was mam!y present at the lower end of the

: jreach whawas Q nodulata was dxstn'imted thmughcmt Imwer Pooi 2

v ,’I‘he xzmssei eamxmzmty in: Lower Pool 2 was the youngest of’ aIl Lbsszssxpp; Rrver reaches Overall 83%.: |
. fof the: mdmduals in the oonnnumty were <11 years old (see’ “Fsgure 3»5} and all but one nf the xpec:es ’

mpmsfmted Wxth mdlwduals <11 years old. A}} but one. mdmdual of A confragosns wera <11
‘yearsold anii.85% were <6 years old: AlQ. nodulata coﬂected were <11 years ﬂki é.nd 60% wem <6
yearsold.

!Four areas. thhm Lower Peol 2, shghﬁy less than- half of the 40 sxtes sa:mpled supporbed hea}thy
'nmssal populatmns ‘Three of these: areas were in the lower half of Lower Pao! 2, one'of which was also

' ’quanutamely sampled In the upper portxon of Imwer Pool 2, Sxtes 79 an 1 Supported denea and -

i epec;es rmh mussel commiunities (see Figure 3-8). S:be 79 was at. the iower end afan nnnmmd 1s}nnd at
‘Newport, M ':'214 mussels of 13 live species were :z:oﬁected and CPUE wiis 1834 musselsﬁtr Site 81
was' appmmately 1.5 miles (2.4km) downstiean of Site 79, immediately a?bave an: u:mamed island and
belaw Rwer Hexghts Msrina. A total of 155" mmssels of 11 ‘species were collected s t“this me anﬂ CPUE
- Ewm 132 9 musseislhr (see Ap;:endtx 11) Quadrula nod alata was collected at bct}: sxtes

Th ) three hxgh qualzty areas in. the Iower end of the reach were loczwed as foilows, 13 het;ween the Iower, '
end 'ofLower Grey Cloud Tsland and Spring Lake (Sites 96-100), also quantitatively sampled, 2) along
tha old. charme? that is parallel to the Ieﬂ; descendmg bank nnmdiaﬁely above Lock and Dam 2 { Sites
" 105 106, 109 111,114), and 3 along the old channel pamﬂelmg the fnght descen&mg k fmr '
abma Lack and Dam 2 {Sxtes 110,112, 113, 115)(see Fagum 3-8) Gver 700 mussels of: 8.s;xecms were
=co!19cted from area onie {Sites 96-100) and, CPUE ranged from 54, 0 to. 507 (1§ mussels!hr &ee Appendm
I, Included i m the assemblage were all five state. listed species found in Lower Pool 2 (see Appendm o,
’fhe area. a]ang the Jeft descendmg hank above Lack and I)am 2 harbored 17 ¢ speczes and CPL’“E mnged

T
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Figure 3-8. Sites sampled within
Lower Pool 2 and Upper Pool 3, 2000-01.

o 065 1 & Witomstam

YRS TER S N




. of am’ mpeun led nver, ’l‘he namgatmn channel gmded bywmg darm,

“made m}ands that were nearly vozd of vegzetaMon ai Lhe waters edge. v

B frwhem'?ﬂow was nnmmal zmd substrate stable. Habxiat wzthm the Iower pdrhon of the re&ch was fypwaj ,

mnds i:hmugh watmmvem&

o stump and dalms ﬁelds Substmte cons:sted pmm;-ﬁy of sxlt and s:md _,_a;n& ,oqcasmnal}y amas of Atha old '
: nverbed were: pre'sent Whlch mcluded cobble and houlder Flow was mxm;nal th wind ami Wave antwn

imsuitmg fmm the large surface areza generally kept shanow amas'sﬁt :free aﬂmvmg mussels o suwwe
_Plow hawemr was: m:derate thmugh the arca ad;acent to Lmver G'j 4 C"}uu Is]and (Slt.es 96—160) tmd
mxbsf;mbe conslsted of clay and sand thh somé grayel and cohhla. Most 1.§Iazids appeared m be dredge
&poils and, as ‘opposed to u;;stream, habziat amund ﬁzese islands was genemlly not; favomh?e to.

muossels ‘Substrate was typically lnose sdnd that appawnt}y was slaw}y slmxghmg off from the hum:m

Sxde channel beiczw

‘Willie’s Hidden
Harbor, St. Paul

Park, MN

{(RM: 829}

Q matafiebra
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:3.1.7 Upper Pool 3

Upper Pool 3 was’ the most speczes rich reach in t&w smdy, and overaf!l Tussel ahundance was second
only to Upper Pool 2 (see Tubie 8~2} A total of 2, 486 nmssels of 23 spemes were coliecm& and mrerage
CPIJE was 128 3 mussel!hr ’I'he cammnmty was dmmnated by 0. mﬂexa (47 2%), A pl:wta {25 D%)
v andF flava (m 1%). The remmnmg species werg unconunon or- rare I‘mi; mclude mmz spemes hstedfor
- Apmtectxan in Mxmnesat;& b emiangered Q. nudulata {0. 3%} A confragosus {0 2%),2) ﬁxreahened -
, /Actmana;as I:gamenzxm (0. 2%), Eilxpsamx Imeeloata (<. I%}, Megalonams rwwoaa {0: 1%) Obavwm

| olivaria (0. 2%}, P, mntma (0 2%}, and 3) special concern - Ellzpffa ddatam (0.6%), L. recta (0.1%). Also

o noteworthy were ‘the hxgh number of additional speczes ccllecwdas empty she’ils Most of the a&d:i:xénal |

-dead specxes mﬂected wers sub-faﬁsxl or iong dead specimens mdmatmg that bxsbancaliy at least 37
specxes were prasent wzthm this mach (see Table 3-2). In thig coileetmn two federally endan gere:l
spemes L. hzggmsz and Q fragosa nnd ‘one species not prevmus}y recorded from the: Upper stsmsxpm
River above Lake Pepin, Epwbtasma triquetra, ‘were fmmd as: empty shens '

As vmh the other rraaches Wathm the MNRRA Gom&m*, the musséi conmmmty iy Upper Pool 3 was
-relatively ymmg Atatai of 88% nf the mdwxduais were <11 years. old’ (sea F‘;gura '34) and 87% and 74%
of the species had mdmduafs that were <11 and <6 years old nspecnvely Comparatwely, the mmussel

community of the lower St Croix Rwer, which empties into ﬁpper Pool 3, gshows more typical age
class sﬁmcture ofa healthy mussel commmunity expetted i m :1 rather unaltered river (see Fxgure 3~fi} in
that ma:ny age clasws are mpresented mtl:: older individuals dcmmatmg ‘Older individuals dorminate
the cammumty, pm’babiy not because recru;tmeni: of yom’sg is low but because of inereased survival due
fo. the su stmned quahty of the system and the 1ong-e1wed nature of mussels.

Alﬁmugb most of the 22 sites smnpied had mmiemta spec;es rmlmess and densxty, six gites staxld out as
supportmg veryhealthy mussel popu}atmns {Sltes 121, 122 129 131, 185 137) Sites 121 and 122 were
very c&use tugether and hetween twa wing dams ﬂownstream of the HWY 61 Bmige and nmxmdmteiy
) upstreamthe mlat to Con}ey Lake in Hastmg*:, MN (see Fxgure 3-8) Az these two s:ies, a mta! of 829
nmssels of 18 specxes were mﬁected ami CPUE was >260 mussem:mr (see Appenﬂzx m. Include& in

e the colieehms wereA. conﬁagosus (endanger‘ed),E lmem‘am (threabanedfi M neruosu (thmatened}

 olivaria (threatened}, and L recta (special concern). At Sﬁ.e 121, aloug ﬂm bank there was evxdence of
: a mlddenf i xle cantammg nxmy gub-fossilor. Iong dead specxmens, pmbably thscarded by humans,
R m&Skrats, or nver Gtt&m i’mmg t"he speczes were E mquelm (thmatezxed}, Q ﬁ' agﬂsa {federslly
" , | en&amgereci}, Tr:toganm wrmmxa {thre&tened), and Pléthoba SUs cypkyus (endangered} (see Appendxx
183 A)su of miaerest many }cmg dea& shells were scatterad alcmg the expas&d ;sand har upstmam at Szte
118 near Hubs Baﬂ Marina in Hastmg«, MN Anwng the mﬂectmn were empty «hﬁﬂs of 17 species
mclndmg Cumberfandm monodonta (t,hmatened) L. Iuggmsz (fedemﬂy end&ﬂ gered) Lampsilis teres
{endangered), and Lasmigona costata {special concern) among others {see Appendix II). These shells
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3.1.8 Minnesota River

Mussels were not abundant i in tha }uwer Mxnnesota Rwer and th 3 fauna was spéi:xes pocr compareﬂ to
its historic nomp}mmnt of speczes ‘and to the: Mlssxasxppx River. Only 58 live mussels of nine specws
were ca]]ected at the 14 sites sampled and average CPUE was 6 4 mnssa}slhr (Table'3<3). Léptodea
fragilis (36.2%) and Potamilus chiensis (34.5%), species tyywal of ssft subsi:mtes, were most abundant.
-An‘additional 13 species. wem miiﬁuted as long dead’ specxmenss Histonca}ly 30+ species occurred in
this reach (Bright et. al: 19915 and the cornmunity very e)oaely resembled that of the M;ss;ssxppz Rwer
be}ow S5t Anthony Falls.

Most of the indivzduals collected were relahvely young in thz*s reach (}verall 88% of the individuals-
were <13 yparf-t old (see Fzgum 3«4’) one species was’ represented. only by individuals >10 years o]d,

No sites in fhﬁ anesota River mpport@d a hea,}ﬂmy mussel community. E;ght of the "14 sites sampled
contained <2 Imz xmxsse]s only. twa sites eontairied > 10 live mussels, and no sme had 56 Tive gpecigs
present (sde -Appcndxx .

Habitat throughout this reach consisted of a run with varinble flow. Subst:iaia'mnsisteii ofa hfeg of
nwick and silt mostly over sand b{ii oceasionally over gravel, cobble, and boulder. In inaﬁy-aréas;*ﬁxe’
banks were sloughing into the river and: many tmes ofdead falls existed ‘along the river buttom The

river was extmmélv murky, brown i m eolor, and full of algaﬁ‘

‘Minnesota River (MN RM:&)

(R . L v

Dead falls along with & tremenidous silt hmd'.,
id nio 'doubt various agricultural pollu
entering the Mississippi River from the’
Minnesota River.

R R




v - Actinonaias ltgamentmc*
. Amblema plwaa;
- Areidens, mnﬁagosus
) F‘t&seomm ebemx
_ Fa&ccntxm ﬂaw
: _Lamps i 'can{mm

Total
. No, hvespecxes '

'_.'I‘otnlspemcs,; 2
_'No ‘sites ‘ 14 o o 1
Ave hms}s:te tnun}zaidev '.39;'1_% ,19.4 ‘ ‘ - 600

Pt el

MINRIRA Bl Survey

ehn' L s and miatw "‘_a“bundm for the lewer anesota

e T

F

#
B

o

17

11 . 4 160

LT RYOY T |

2.1
345

Patamxlua ohzc}wzs
Z’ yganodan gmndu ,

Quadmla mdulata‘ '
Qaadrula pustulom
Qacdmla qur!rul
Stmpkztua undulatuz
Truncilla trurwam

34

wONUUD eB8enduoo

34

%3 %
[34

No, dead s‘pec:ies . 13

| v &Y

CPUE (no, livehour) # stdev.. 64211 7 . B0
' *Lﬁst&d spemcs, E-Coﬁected mﬂy as empty shell, .
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tyjp;cany mha’bxts headwaters uf mrga rivers as well as snm]}er nvem and stmmns

: Habzi:at in t}xe RR reach cons:sted pnmanly of a shallaw run {<2m deep} mth of ’ﬁnck layer (©- 5»1:11)

) 'gﬁwdmg that mnrred'm 2001 ' ”In add:non ﬁus spnn : ﬂood event ma;y have
© roded Sediment aecunm!ntmns ah@ve the dam’ tmnsportmg them dawnstresm mto the sa,mphng ares
L compressa (phato courtesy Kevin S, Cumimings INHS).
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-~ was’ a nﬁle!mn with a'sand and graveel substrahe Average mussel &enszty was Iow

TP -

- anid Beds 4 and 5 &ensmes were stgmﬁcantly greater tban Bed it (am -21 5, p;: gfoza Beds dand 15
“densities did not differ from each other (P=0.99), nor dxd Bed 1 é)ffer &om'sed»»z <P.3;95) Both: Eelow

are results from each bed.

32.1 Bed 1 {Szte 20)

This bed was located at. the heéad of the SAF Pool about; 300111 be]ow the Cwn Rapxds Dmn nlong the '
nght descendmg bank dat'the headof an mmmmad mlaml Water iiepth was <1m in depth and habitat

of seven spectes were coﬂected {see Table 3-4): Average age of musseis was 8. 3 years (mnge 3«18) and

27, 3% of the indmduais were. <6 years old (Table 3-5’) Alﬁmugh dens:ty was rathar low, th:s bed

shaul& be consxdered for fuhn'e quanmat:ve monitoring to pmvide tremi data on’ o *marginal” mussel

community. Thzs commumty may provzde an earlaer wammg to change, ‘m'water qnahty or babxtat
than hxghf:r deasxty conmmhes woul:L

3223«12(&)«229; -

This bed was also located in the SAF Pool, along the sn&e channel of Dumam Islami “This area dxd not
- support 8 dense n’mssei cammumty Mussel denmty was 0 B/n? and :m’Iy ﬁve hve nmssels of ﬁve
different specxes were eollected (sée ‘Table 3-4). Hahxmt thhm the ma was & nfﬂefma and substmte

was sand, gravel and cobble Becanse of the extremely Iow ﬂensxty and lar:k of specxes, thm area’ should
not be consxdered for ﬁzture quanm;ame tmmtonng due to the considemble effcrt (1 ¢ hxgh number of'
quantitative samples needed tc detect change) reqmred 1o o”btmn a st&bsncaﬂ;v sound sample sue

'3.2.3 Bed 3 (Site 58)

Mussel Bed 3was Iocated in Upper Pool 2 along NPS Island 108~01 (see Fxgnre 3~? ) State h.,ted and
the fcderally endangered L. hxggm,sx were relocated to tins bed ﬁ'omUMR Poois 11iand 14, Mnssel
denszty (15.5/m?) and: specxes nchness €13) were haghest hera among the 'beds Gblxqu:ma mﬂm A

, plzcata, and T truncam dominated the collect:on ‘Several s specxes ‘were rare mcludmg Q. rwdrdata and
: two species’ that ha& been re!ocated A con{ragosuz and Q memnvvm J.xfxdxmduﬁls of wlocated mussels_‘

were mked vmh aslash acToss the shell for fature ﬁentxﬁcatmn 'fhe collectmn of only: hhree

- relocated mdmdua}s of two speicies suggests ihat ovemll a re!atwely sma}l number of mussa}s were

relocated to the area’ am} any xmpacts of increased dznmty on the natwa c:omnmmty iz pmbabiy nnt |

3.1j‘
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Table 8-4. Mussel species density within Beds 1:5 from quantitative samples within the MNRRA Corridor, 2001. 9
' v ‘Mussel Bed ~ _ %
s (‘SAF Pool) zfsmsv Pool) 3 {Upper Podl 2) 4.(Upper Pool 2) 5 (Lower pool 2) l
Species L No: % Num« «zsm No. Nednt 9SE  No. % NoJmd 28E  No. % Nosmi 288 No %  Notm? 25E §
Amblema plicata R : 38 245 38 04 55 609 52 04 1 14 01 01 %
Arcidens confragosus’! o : _ 2 13 02 o1 : » : : 5
Pusconaia flava R o g 6B 08 02 8 74 08 01 7T 98 10 02 g
Lampsilis cardium '3 136 08 01 1200 02 01 D 1 .08 01 00
Lampsilis stlzquozdm B T ¢ ' ' 3
Lnamignna costate D S . ‘ -
Leptodéa frogilis’ 281 02 01 1. 06 01 01 D 1 14 01 01
Ligwmiarésta. 2 81702 01 13200 02 01 4 26 04 01 ‘
Megalonaias) nemwm* v‘ Lol A : - 1 09 01 00
Obliquaria reflesa © 4 182 04 01 1200 02 061 44 284 44 04 17 167 16 02 26 366 36 05
Potamilus alatus: » 5 227 05 01 D D '
Potamtlue ah;en&ia R T 1 09 01 00 2 28 03 01
. ‘Pyganodon grandis g ‘ 1 06 01 01 | 1 14 01 01
Quodrula metangira® 1 08 01 01 :
Quadrula nodulata 1. 06 01 01 8 28 03 01 5 70 07 02 !
- Qundrula puatuiﬁw 4. 26 04 U1 6 56 06 01
Quadrula quadride 4 182 64 01 1200 02 01 13 84 13 02 7 65 07 01 15 211 21 03
Straphitus wrdulatus D 4. .26 04 01 D 1. 14 01 01
Truncilla damxfomna, ‘ EE , ' : o p D
Truncilla: t:umata 2 81702 01 1200 02 01 33 213 33 03 9 B3 09 01 12 188 17 02
Total . 29 . 22 02 & 08 02 155 . 165 10 108 103 06 71 9.8 08 :
S 40 | 5 40, 4z | 2, :
No. live species | _ 1 | B : 13, R 10 J
Total species B SERRTREE SR R S . 14 N & R ;
Zebra mussel de?nsie;y : 00 00 0.0 00 - 00 00 00 00 RIS G B
2SE=2*Staridard Ewor < -
lndividuals were reiomt:ed from’ Mlssxsmmn River. P(ml 11, 4 g -
. . R - — %*



BS,

“Species Uy oAve -~ Ming Max o (ny Ave Mino Maxo(n) - Aver Min Mg

 Ainblema plicata.. I 3126 1 25
Fuseonaia flava o B . 9102 . 5 19

Table: 3»5 Mussei spemes age th,hm Bads 15 from quanmatwa samplas thhm the MNRRA Comdar, 200i

Mussesl Bed.

o

1(SAFPeol) . ¢ msms‘ Pool) 3.(Upper Pool 2)

e (ﬂpper Puol ")i f. o

B (deer paol "}

(n) f‘ﬂm Afin Mztr

) Ave “Min; - Mﬁ.i i

Lampgilia éardium 3 50 8 7 1 1o 1 1

 Lampsilis siliquoidea.

' Megalanmaa nervose

Cpetall 0 g2 83 8 18 6 100

’Pntam:lua ofuensia

Guiadrula nodulata a PR : - R 180
;Q:wdmfa puamiasa : o L Co e 4 10.5
 Quadrida qmtdmla o4 us 0ol 1 18018 18 18 93

Lasmigona costata

“Leptodea fragilis. ¢ 60 &5 T S 10 111
BO & 8 1 90 9 9 4 80 6 1L

3

ngnmm recta

Obliquaria reflexs 4 63 8 9 1 100 10 10 44 98 .6 17

n

Potamilis alatus. 116 T 18

Pygrmndongmndis ‘ ‘ - 1 ‘?0'

oo OVON O Wl
s
o

4123

288 @ 1.1 70 77

% <4 yearsold SRR S 20 A

‘H<Gyearsold 28 a0 A T

&6 18{3
8 93;‘?
140

:1' 280

17 88 &

2 -2

" az
4

Ty

28 28 'k S S
26 82 3 16

28z '

T8 2 18

EENE LI
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méasurable or nunvemstent Atota} cf 563 nmsseis of exght spemes were rélocated ta thxs hed in: an area
‘ c:menng seveml hundred ¢ sqnm meters.: No relocated L. iuggms; wem uc]lecﬁed m quanmatwe :
samples and no dend mloaates& mussels were collected.

Avemge age of the mussel comnnmzi:y was 10,1 years (range 1to 25) aud 8: 4% and 8 2% of t}xe
mdwzdua}s were <B and <4 yeaxs ‘old, msyachvely (see Table 3-5}

Iiahztat in Bed 3 was a Tun mth mmieram tolngh flows and substraite mnsxsteti Qf a consohdated
mixture of sand gzavel cobbie, and houlder The bed les xm@émbely af? the merhank a}nng & siope
to the nver bcttom and outinto the ‘navigation: chaxmel appmxzmately 1/3 of the way across the nver
‘Because this area harbom 3 reiatwely denwe, specxes rich mussel commmnty that suppuris rare natwe
as weli as relncated specms, th;zs argg shcmld be monitored in the fumm S

3.24 Bed 4 {S{te 661 -

Muswi Bed 4 was also in Upper. Pnoi 2. This bed was at'the Iower end of Pike Island near the :
confluence thh the I»hnnesota River and served as'a state Tisted spems oniy relmzatmn site. Mnssei
density was. 1{) 3/m* and a total of 10 species were collected (see Table 8«4} Mu&&a'f specae‘; mmpo ition
and densxty were sl:gbtiy dlﬁ'erenf. than At Bed. 3 Ameema plicata acwumed for >5(}% of the’ mubsels
colleeted. Pammlarly noteworthy at Bed 4 was the coilectltm ofa re‘!ocahed M nemasa Nao dmui
relocated mussels were. col]eeted Quadmfa nadulatc density'was 0. Slrw {sea Table 3—4}

~Among all species, ’,ﬁvéra}gé fge of mussels at Bed 4 was lzﬂiiyéars_,(ﬁin‘gé 2 to 32) and was slightly k
- greater than at Bed 3. A total of 13,0% and 8 7% of the individuals were <6 and <4 years old,
:respecﬁ‘yexyf {see Tébie 3-5). -Qudmﬁa nodulala agaranged from 8 to ;3 years old,

The slight dtﬁ'erenees between Beds 3 and 4 mussel conmmmt:as were pm}:sab!y relm;&d to hahxtat_ Bed
4 was inan eddy wham ﬂow waz nnmma} nnd substrate crmsxsts of sami ami silt As w;ih Bed 3, ﬁus
area harbers a rseiatwe}y dfmse and species m:h mussel commnmty mcludmg rare nanve as well as
'mlacated speczes We ﬂmmfom recomend :t to. be nmrmtored in the future o

”3258@:15(&&:97} ‘ , .
- Mussel Bed 5 was: incated in Lcmer Pool 2 ’b&tween Lower Grey Cloud Island’ and SpnngLakae an& n
the vxcxmty of quahtahve Szte 97 (see anure 3-8) Thls bed's boundary was approxmted and it was:
difficult to dehneate because of its very 1argez sxze Tn accunﬂt for the }arge mze thrae clusters of
"quanmatwe sampiea were collected at urbatrm }m;abcns mthm thg beti '

Mussel density was 9.8/m? at Bed 5 consisting of 10 species (se¢ Table 3-4). Obliquaria reflexa
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i PR o :{ xmi oth abundant spec:es inc;lude& Q qaadmla zmd T zmncam Qua ng
o ;nddula:a mty,waa 0. ?Vm? 1 was highest among the | beds {see Tab?e &4} S
. g’he mnssel comzmmzt o 5_ was the youngestmmng the beds (isae Table 3-5) Overalla avgrage was
L 1 years (1‘31189 2 to 18):,9,:;& 40 8% and 19.7% of the mdmduals W&re <6 and <« 3 years old, !‘espechgely .
: All Q nodulm‘a were <6 ) m‘s old v

RS

coamms

IR

- Tbe mnssef conmmmty mtfhm Bed 5 should be mommre& m tbe ﬁxtum ‘and 4 more thomugh

o dehneatmn of the bed bcundanes should be elone in order 0 hetmr sampie the canmmmty durmg ﬁztursev ’
tmmtonng ' ‘ '

. Zebra mussels {"D paiynwrp&a) were: absent above Lock and Dam 1 (Poo” 1,CR and SAF Poo] and the -
g Rum vaer) and «parse from UMR Pools 2- -3and the lower MNR. It slm tfbe ncted hawever, that
e zebra nnzssels are 3ikely pmsant in Pool 1 and the- lower SAF Pool a;nd wev szmp!y dar} npt observe any; \
v 'they have beén observed thhm the lock chambers at St Anﬂmny Faﬁs (U:S. Army Corps of Engmeers :
i 'pem eHmn. _Dunng quanntahva 5nmplm B zebra nmssals were. on}y milécted fromBed 5in Lower
7 Pool 2 where dens;ty wiia 0, Lf‘m2 (se Table 3-4} ’mmughouz !:he MNRRA Camdarbelow Lock and
. ‘ Dam 1, wbere zebra mussels were cbserved in t}ns st:udy, a total of 89 J{I%} live native mssels collected
‘bad at ’Ieast o‘ne zebra nmssel attached. The numbesr of mdm&na! zebm'mnssels attached to nat:we
B ;nmssels was xmmma’i (mean 11, ra.nga 1to 4. Zebm mussel mfestat;z‘ T as‘greatest in Upper Pool 3 :
B (2.6% native musseis mfested} foﬂawed by lower MNR {1.7%} Lower Paalz (0. 9%‘) Upper Pool 2 . :
 {<0.1%), axid Middle Pool 2 %) | f a

At thxs pomt it appears that zebm mussels are not mproducmg smca the zebra mnssels a’bsewed were
fliarge > 15mmf) isolated adult mdxndua}s 1t may be that these mdmduals arnved on barges and other
wa&m:mﬂ: thnt transporte& them npnver mta the MNRRA Oomdar Very few zebm mussels were:
' _'observed, attached 0 the. substrate and no dlsoemable dxﬁ‘erence m zebm tmzssel mfestancn was
. observed between 2000 and 2001

| A tota} of 2, 435 ‘mussels of etght species were. m!ocated by the USACE, FWS and th& natura} resources
| departments of. anesota Wxscansm, linois,: ami Iowa from' stsxsmppi Rwer Pool 11 near Cassvﬂie,
w1 (2000; and Pool 14 near Cordova, I/ (2001) to four areas ‘within the MNRBA Comdar (’Table 343) | %
- fI)aws 2002). Al specws were lmted for pmtectmn in anesota mdudmg the federa}ly endang&red L.
: hxggmsz Musseix were piaced gt t?xme sxtes thhm Upper Pool 2 (54 58, 66) and one s;te in bpper Pmlv B
©B4122) (see Tahle 3-6). State hateﬂ species were: mimted 1o aﬁii four gites’ and L Iuggmsz were only’
mlocated to Sxi;es 58 and 122, S : '
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. Table 36. Nnmher of mussels tﬁ ocated fmm hﬁssmsxppx R.rver Pools 11 and 14 and t}xezr deshnatmn
. thhm MNRR& 2000 sind 2601

Upper Pool 2 L Hmser P(m’i 3
) Site 58 Site 58 Site 66 .
; | Site54 _ (Bed3) _(Bed8) _ (Bed4) Sxte 122 Total
Species _Ne.. No. No. No. - RNo. Ne:

Arcidens confragosus 0 % 8 e
. Bllipsarialineolata 100 50 2 am 576
. Ellfptfédii&t@éa o | 8 : o . g
Lompsilis kigginsi R 99 2 | 101 471
Ligamia recta ) 20 59 400 - 539
Megaloiaias iervosa a2 8% 78 486 646
Pleuzﬁffeniaﬂééfifbxid » - 31 » 82 . 63
‘Quadrula metanevra: R 19 ' 21 40

Total S o 232 ' 292 271 159 . 1,481 2,435
_1\0 5pac1es ’ - RN R 8 "1 4 : " 7 . B
Year relocated! . 12000 2000 - 2001 2000, 2001 2000

‘ ‘A]l mussels rdemted in 2&60 wem from Poal 11 ami all re]orawd n 2601 were frem Pool 14.

i

‘Relocated L. higginsi.
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"ﬁhmﬂd pmv;de a beuchmark for ﬁ:tture reference. Mari& Spemf' cally, the stu _y" '
' "tha ibﬂcwmg" - :

. z‘&ﬂ Dismxsslou

Thzs stu&y pwvzdes xmpcrtzmt hazelme data on t}ze stah;s af musseis :”ithm the hﬁ\”RRA Camd; and

e Current and hxswnc spemes distributions throughcmt the nomdor ,’: ', : o
‘o "Mussel spemes nchness ami ahundance {relaxwe and CPU‘E} for mdw:dual sxi.es, reaches, :
: poois and mrers thmughaut the corridor SRR ) |
A Y. c]ass structure of mdmdunl rissel species and musse‘i eommumms S
. Idennﬁcaan of sites harboring heakhy and ‘poor: mus%l cammnmtles
e ;.Deecrxptwn of the mussai comumtnes assocxated thh NPS Is}ands
“ ' - Spemﬁc gite and bed locations. o e
.. «Genera’l aquanc ‘habitat eond;twns tixmughcut the mmdor ami thexr ‘v"'latmn tn tihe mussel '
. fmma . » :
e Mussel densxt;y, relat:ve ah;mdance. and age stmcture wmthm ﬁve musse! beds ' 
: s Zebra mussel dena:txez and estimates. ci' ao!ouwntmn raz;es on nui;we mussels ‘

" f’i’he mussel fauna cf the UMR thbm the study | area has zmpmved dramat:cany smce the },9705 The
,,nmssel commumty was Thore specxes rich and museels wem more abux;dant m the stsxssagpx vaer
“below the ‘Coon “Raplds Dam {SAF Poal to Upper Pool 3) as acmpamé to the (‘}R Pooi and the Iowe«r a
Minnesota ’Rwer and. Rum }vaer U;:per Pool 3 supported the mnst spmes and gmamsi; dens:, 'of )

nssels foﬁowed by Pool 2 (all three snb-reaches eombmed) and the SAF Pooi {see Tahle 3~2) Hv
within Pool: 2 Upper Pool 2 f&bove the Mhmesota River) musseI &ensxty was greater than 'U;)per Pool 3

: ."'-and specxes m:hmzzs was nearly as hxgh suggestmg xt is an axcepuona! haimat for xmlssals

‘ “,In a&&men zehra xm:ssels are extremely scarce, which is not t.he case below IIMB Pool 4 where tbey
- “are negatwély; impacting native mussel populations. (Kz!ner zmd Davig 2(}02 MNDNR unpubl éata*)

Although zebra mumls have been present in the’ MNKRA Corridor fora decade, they apparently have

ot mcreasedm a}mndance Recently, zebra. nmsse}s have ‘been: repmdncmg in the Lake St__ mex '
: pnrtwn of’ the St Crmx Rwer (Kelner and Davis 2002), whmb couid eventuaily 1mpact Pool,35by
’ supplying larval zebra mussels :

| = For the'most part the nmssel fauna mt}nn tbe MNRRA Comdor was relatwely yaung, m&mazm cent ,
_, repmduct:xm axxd m:mmmnt of young mdmdua]s has ocmxrred t}mmghout the mmdon D?de‘_" ;
individuals are ‘uncominon suggesting recoiommtwn of forme riy degraded habxt,at Ma&t specxes

popu}amonﬁ wem dammated by mdmdua}s <11 yem ol& (see’ Fxgure 31 It’s our expenence that age’

-class dlsmbutwn of weﬂ«estab};shed species. paopulatwn is uxualiy skewed toward older mdzvrxdua}s

37

prxmdes mformanon on.

gy REETEAY O3



‘ m@RRAMumi ‘Six_tvey : ‘ o - Ju1y2002

| due to the Iengthy snmvprshxp of musseis (MNDNR unpubl. data).- Wé found the age :;Iass dxstnbutwn
| to be skewe«i towmds younger mﬁwuiuals for nearly every. Specxes in this study, wh;ch supports F‘ullez’a

S 1980) assemcm thst mussels wem ‘ohice nearly elmnnatefi from the MRRA Comdor The relahve]y

N ymmg mnssel f:mna may.be'a’ iempomry condition: Given sufficient txme eoupled with su_tamed water
qua!xty, nlder mdmdaals shtmld ‘become more dommant due to the Izmg vaed namre of mussels, The

‘ musgel f‘mma of tha St. Grmx Rwer has pmbabiy not changed much from }nstom conditions and older

o mdmduals daminate the t conmnmny {see Figure 3.5), prohably not inecause recruitmient of young is low
<t because 1& has been consistent and survival rates of older mdmduals is high (MNDNR unpubl

‘data). Oy er tm:e -age ciass structure within the MNRRA Com&or shmﬁd look similar to that of the St.
. Cmmbar. ;

- F‘tmr specws mthm MNRRA were dominated by mdxmiu&is >10 years old and were scarce A

g ,Itg:xmentma, E dzlamt’a, A margmata, and M. nervosa. Tt appears at tl:ns pomt only A marginata has
‘potential to become exnrpawd frorm MNRRA. Three old (>15 yearsi mdxmduals of Lhrs species were
collected fmm Upper ?ool 2 and’i may bea pre«nnpczundmut ramnant ’I’Ins mach wis the only area
within’ MNRRA whére Fuller CISSG) found an assem%ﬁage of musseis and where this specles might have
“been able to survive in low numbem However, present ha’bxtat condmcns ‘are not ideal for this species
m the UMR. and it may be headed mwarﬁs ext:rpatxon ﬁ-om }&m Thas s;;ec;es is typical of smaller
Tivers ami often assccxateti th}x nfﬁea {pers. obs.), which once extended from St. Ant}mny Falls to near
the confluence with the anesom Rwer {present day Pool 1 and Upper Pool 2), but since have been
eliminated by xmpann&ment AllA: Izgamentma and E. ddatata were cnllec:hed from sites xmmedmtely
. downstream of the St- Cmu: River. al:mg the Wisconsin bank in what we would identify-as 8t. Croix
,watars These two species are currently present in the. St. Cmu Rner {MNDNR unphibl data) and are

_probably an extensmn of those popxﬂahona Apparent}y thcse Spemes have not m»estabhshed
' 'i;hemselves in.the lﬂls&)“ﬁlppl Rwer upstmam of the St. Cm:x Rwer whem they once hved {as evidenced

o by the pmaence of long dead specm:ens’) a:nd It mmmns speculatwe 11’ ttns spemes wﬂi Only two M.

ey nervosa. were ceﬂected m Upper Pool 3 (one addmonnl relocated mdxv idunl was coﬂected in'Bed 4
- E’Upper I’ool 2]}4? ‘As. wzthA hgammtem and E. d;{amfa, thm species mhy not’ have succeasﬁ_dly re-
2 ‘co!anwed the UM:R above t;he Bt. Gmxx vaer However, with: the aﬁdstmn {vm mlocntmn) of >600 -
= mdmduals to; Upper Poo} 2'and Upper Pool 3, this speexes hopeﬁﬂly mll nammily prspagatc within
- MNRRA, ami its status sheuld be csnsxdered for future mommnng

U appears fmm this’ smdy that ﬁ&e (‘Jann Rapuls Dam serves as a fumml barner to upstraam nngrat:cm

of mussels. vaa  their. host ﬁsh nmch as the Faﬂ« aﬁ SL Anthnnyhave done hxstonca}ly The Coon
Rap;ds Dam i a -:pﬂ]over and hydmpower dam that'i is vmuaﬁy ampassabls to fish and mussels. Only
six mussel species were found in the CR Pool ‘and: the Jower portion of the pool supported few mussels.

“The mussel community of the {"}R,P;m} very closely: r_esemhies that of !Ehe Mississippi River drainage
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| in that the connnunny mna‘mnnate& by L. cardwm (62 4%) L schqomdeé (lé 4%) :md L. ’ﬁctn i : o
: -'I'hxs i3 very mmzlar iO wbat has beem documented m the tnbutanes above th& CR Dani an&" nthe

' Iarvae attached to ﬁsh that have used navxgntmn locks botrﬁvellamun& the Falls of St Anthon' audlm' ca
-perh aps ﬁsh stockmg achwtws madvartent}y mtroducaﬂ these spem&s mto ﬂ'xe pool 011 iwo spa:xes
found in Pool 1, Q. nodulata and Q pustulosa,s were not fotnd in the SAFPQO! S ‘

dedle Pool 2 and the "lower Mxnnesota Rwer are mmxlar in t:hat they both }ack khe Ixea’ithy museel ‘
) ,ccrmmumty that they: supparbed hxstoncally,. Both have degraded habxtat and apparent ;:aor waterv .
: quahty dedle Pool 2's pm water quahty is no doubt a result of t;he anesoté, Rwer emptym “bu
“ the Upper stsxssappz ’Kwer at the: head of this reach but its altered habxtat ;s pmhably the result of g
combmamm of factom S:lt from the anesnta River contnbutes mast of. the sﬁt and muck found;m
dedie Pocsl 2 Hnwever, ihe constncted hature of the: Upper stsxssxppz Rwer at t;hxs" mach canpied

: emszon thmtxghouﬁ the dmmage (Bnght et. al 1990) It appem that t;he mussei faunam':the _.
o anesota vaer, andtoa lessar degree Middle Pool 2, wﬁl not mpmve nnless thase wsues in tha
~ Minnesota River Basm are addressei ' ' : o

o Upper Pooi 2 Lower Pool 2 :amd Upper Pool 3 appear to suppon tha hea]thxast mussel commnmues

within MNRRA. Al amas support am’lahvely }ugh num}mr of | specxes (:»27) and abundnnce is also
. (CPUE>87 musselsfhr) All (27 but one spacxes collected mthm the MNR’RA Ccm&m’ were, mllected

| from these reachés and densxty of the three musbel Teds wzthm thesa mas mnged from 9. Slmg w

- 15.5/m?, All three areas support a ymmg populatlon of Q. nodulata ami Inwer Pmﬁ 2 antl U;;per Pool 3 .
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support a young and fairig healthy population _pf&cbnfxﬁggﬁsﬁg

: Hﬁw Q. nodulain and A. conﬁugusus arrived is scmewhat puzzimg, hut is pmbably not hnked to the St.

‘Croix River,: w}xmh emptws mm Upper Pool 3. 'I‘hese two specxes are not pmsent m ihe Iawer 8t, Cmm
River, which would serve as ideal refugaa for most of the M;ssismppx vaermussel apecies due to’ xts
sustained hagh ‘water qnahty ami current!y healthy nrussel pcpuiatwns Thig le:axis to ‘speculation on
t}m origin’ of the rammnmg spec:es t‘hat dre recolcmzmg the MNRRA Eomdar

It's very probable that a certain number of: mussel specxes were ab}e to survw at very’ Iew numbers in
_ pmtected patches éxmng the decarles of ex!:reme pollutsou m{hm the stsls&pp_ B.xver above Pool 4,
~ and are once agam re;)mducmg Aitemattvely, the Upper Mnssmszppx ngr mnssel fauna below Lake
'Pe‘pm (’Ponl 4), which serves asa namml eatch-basin for cantmmnants, nmy be the saurce of
recu}onmmg Taun& FlSh carrymg ]ars'ae from these mussels eeuld be hrmgmg t,haxn upstream into the
MRRA Cemdm' In’ ccn;uncmon with certain: spemes able'to survxve mthm the MNRRA Gnmdar,
species may have nngratad fmm m’butanes such as the St. Croix R:ver Reganilews of origin, the .
current mussel fauns is appmachmg the hmtonc mussei faunam spem&s eompasxtmn Whaw& er the
mechanigim of racoismzatwn, this reach of the M’ssxsmppi Rwer “hetween th’ ‘ 'l‘wm Cxtzes and Hastings,

MN, ones’ neaﬂy a dend’ mne, may now czmsmtui.e one nf the: most sxgmﬁcant big river mussei refuges in

the ?nﬁdwestern United Stai’aes and ﬁs status shou’ld be nwmtomd closgly in ﬁ:e ﬁzture
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R 'Momtor Beds 1 '3 4, and 5hamma11y wxﬁa quant:tatwe a:ad qua};tatwe samp}es
. ,"Better delmeate e b 'nndarxes of Bed5.

. fContmue to ﬁ!} in mvenwzy gaps mth t:med sear ‘es, especm]ly in. SAF Paal and Lower Fool 2.
. ‘Add qnanmame mcmtormg sites'in i:he followin g,reaﬁhes 50 mast maches contmn at Ieas ,une
. munxbonng' sxte ancl mclude reiocatmn sites: : e

o CR Pooi : e
, L - Bite 4 atthe base ﬂf NPS Island 101—01
- e .f,:sAF Pool -
: ' o Sxte 25 lmmedzately belcw Banﬁll Islami

) - Site’ 33 dnwnstream of the I~694 Bndgﬂ
o ?{s'Pooz 1 |
| = Site46located nndwol . | o
-1 {Upper?wlz - _ v ' R R *
. Sxf:e 54 is astme listed. relocatwn site. | : ‘ 3
* Site 60 across from the head oi' Pike Island. Humbax:h (*pers comm,, Bzoiogy »
"Department, Macalaster Caﬂege, Sh Paul, MN) quant:tatxveiy sampled this site
o m 1996 a.nd it wonld serve asa goud compansan
S gbower Pool 2 , : : : . _ o
7 B ;Better delmeate Bed 5 and search for another szte to momtor L ' ' &
e iUpper?ww R

‘Site 122 above St Cz'oxx Rtver (L hzggms: and sta!e hsmd speme& relocatmn
 site) . . e
+  Site 131 Iocated bemeen two wmg dams downstmam of the conﬂu&nce mth the':
Bt Cr(m; Rwer ’ ‘ o T

B Momt;or addmonal sites above and Below t}xe SL Croix Rwer
Aimpacts of the St, szx s mﬁnefnce expecmﬂy since zebra musseéls a:m

-"m'tier 1o assess

; repmducmg in the St. Crmx ngr )

#
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In addition, Tabie 5-l{page 41riza summary table s}xo vi

These’ sxtes, 1f’ not mn‘armed ‘aboye: shonld also: be,ca ; mde

; ﬁes orgsnmd by mach that were ou’dmed
"in the resu}ts that wore. exoepnonal vmh respect’ to ‘supporting a relahvely healthy musse! eommumty

d for futur& mammrmg depgndmgvpon

" fundmg Cansult Flgures 3-4 3-6,3-7, and 3-8, and. Appendmm for speciﬁc gite Ivcatmn and Appendxx
Hfora specxes list arxd abundance for each site.

iTable 51 Sxtes vmh comparahve’fy hea}thy mussel cunnmmntxes vithin’ MN’RRA, 2006«01 :

: v‘ - Mms:sxrppx Bmar Poo} fmach} .
CR_ __ SAF 1 _Upper? _Middle2 ~—_Lower2 _ Upper3
_Site . Site :‘S“?" Site Site Sits . Site’
4 Bed 1120 46 54 68 79 121
12 = 80 87 | 81 122
L2 52 (Bed3)58 9% 129
25 B9 (Bed 5)97 131
27 60 98 135
(Bed 2129 62 99" 137
30 65 100
32 (Bed 4) 66 105
33 106
. : 1(19 |
. 111
1M
10

115
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10 A;)pendiées‘

_ Appendix I Individusl russel species distribution within the MNRRA Corridor, 2000-01.

Appendix TL Number live mussels and species collected at sites sampled within the MNRRA Corridor,

2000-01.

, Appeutiix }I'I UTM coordinates (NAD 1983) for each site sampled.
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Species 1

‘Appendix IL. Number live mussels anid species collected at sites sarmpled within the MNRRA Cdrridor, 2000-01. ©

Coon Rapids Pool

2 3 4 6 86

T 898 a0 112 13 14 16

By
_Epmb&mm tr.qm:‘m v

No, h'yfé

 Actinonaias ligamentina

Alasmidonte marginata
Amblema pliceta
Arcidens. mnﬁagasus
Cumbcrlcmém manodonta

- Cyclonatas izd:erw{am

Eﬂzpmm linsolata’
E?Iaptw crassidens
tio dilatata

Fusconaio ebena.
Fuscancw ﬂava :
Lampsd;s cxmimm 5
Lampsilis Iuggms;

Lappsilis sdlqmuiea 8
Lampsilis teres ]
Lasmigona complunata
Lasmigona compressa:
Lasmigona costata
L«?pﬁm{m ﬁ*agxizs
L:gumza recta _3 1
Megalonaias nervoss
Obliguaria rofiexe
Obovaria olivaria :
Plethobasus cyphyus

Pleurobema sintoxia

Potamilus alotus
Potamilus phiensis

Pyganodon grandis :
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Appendix IMl. UTM coordinates (NAD 1983) for edch site sampled.
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DISCLAIMER

Recovery plans delineate reasonable actions which are believed to be required to recover and/or
protect listed species. Plans are published by the U.S. Fish and Wildlife Service (USFWS),
sometimes prepared with the assistance of recovery teams, contractors, state agencies, and others.
Objectives will be attained and any necessary funds made available subject to budgetary and other
constraints affecting the parties involved, as well as the need to address other priorities. Recovery
plans do not necessarily represent the views nor the official positions or approval of any
individuals or-agencies involved in the plan formulation, other than the USFWS. They represent
the official position of the USFWS only after they have been signed by the Regional Director or
Director as approved. Approved recovery plans are subject to modification as dictated by new
findings, changes in species status, and the completion of recovery tasks.

_ Literature citation: U.S. Fish and Wildlife Service. 2004. Higgins Eye Pearlymussel (Lampsilis
higginsii) Recovery Plan: First Revision. Ft. Snelling, Minnesota. 126 pp. '

Récovery plans can be downloaded from USFWS website: http://endangered.fws.gov.
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EXECUTIVE SUMMARY

Current Species Status

This species is currently listed as endangered. Studies before 1993 indicate healthy populations of
Lampsilis higginsii in the Upper Mississippi River drainage, with no apparent significant declines
in its distribution or abundance. In fact, information since completion of the first recovery plan in
1983 has extended its known range by 180 river miles. '

There was concern, however, that a major flood in 1993, as well as an infestation of the non-
native zebra mussel (Dreissena polymorpha), may pose serious threats to the continued existence
of this species. In response to these threats and information, the recovery team was constituted to
review the status of the species and to revise the initial recovery plan if necessary. The team
commissioned a review of all research conducted on the species since 1980, as well as a survey of
all sites designated as Essential Habitat Areas in the 1983 recovery plan. During the development
of this revised recovery plan, new information suggesting a significant impact of zebra mussels on
Lampsilis higginsii came forward and the team believes there is now a significant risk that the
distribution and abundance of this species will be severely compromised.

The initial Higgins Eye Pearlymussel Recovery Plan listed seven locations as primary habitats
(called Essential Habitat Areas in this document) and nine locations as potentlal secondary
habitats. This revised plan identifies ten Essential Habitat Areas -- six in the Mississippi River

- between river miles 489 (Sylvan Slough) and 656 (Whiskey Rock), one in the Wisconsin River
(Orion), and three in the St. Croix River, which empties into the Mississippi River at river mile
811. The term “Essential Habitat Area” is intended to identify those areas that the Service and its
partners have found to be of utmost importance to the conservation of the species. Cawley
(1996) indicated that since 1980, all seven of the Essential Habitat Areas in the initial Higgins Eye
Pearlymussel Recovery Plan had been sampled. In addition, six of the nine secondary habitats had
‘been sampled. L. higginsii also occurs elsewhere in the Mississippi River, and this revised plan
recommends that surveys be conducted in several specific areas to better describe other
potentia]]y important habitats. :

* Since zebra mussels mvaded the MlSSlSSlppl River in the early ]990’5, three of the Essential
Habitat Areas, East Channel (Prairie du Chien), Harpers Slough, and Cordova have become
severely infested with zebra mussels; only one Essential Habitat Area, Interstate Park (St. Croix
River) is entirely free of zebra mussels. There are currently no effective methods to control
established populations of zebra mussels of the scale and nature necessary to nullify their threat to
L. higginsii in the Mississippi River. Since 2000, L. hzggmsu has been reintroduced into four
rivers from which it had been extirpated, but it is too soon to determine whether these efforts
have resulted in the successful reestablishment of the species there.
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Habitat Requirements and Limiting Factors

Lampszlzs hlggmsn is characterrzed asa large river species occupying stable substrates that vary
from sand to boulders, but not firmly packed clay, flocculent silt, organic material, bedrock,

* concrete or unstable sand. Water velocities should be less than 1 m/second during periods of low
discharge. They are usually found in mussel beds that contain at least 15 other species at densities
greater than .01 individual/m’. In the MlSSlSSlppl River, the density of all mussels in the bed )
typlcally exceeds 10/m’. o

The ten identified Essential Habitat Areas are: The Mississippi River at Lansing, lowa (Whiskey
- Rock); near Harper’s Ferry, lowa (Harper’s Slough); the main and east channel areas at Prairie du
Chien, Wisconsin; near Guttenberg, Iowa (McMillan 1sland); Cordova, Illinois; Moline, Illinois
(Sylvan Slough); the St. Croix River at Prescott, Wisconsin, at Hudson, Wisconsin, and near
Taylor’s Falls, Minnesota (Interstate Park); and the Wisconsin River near Muscoda, Wisconsin
(Orion mussel assemblage). - Zebra mussels have severely degraded the mussel communities at a
few of these areas to the degree that they may no longer support dense and diverse mussel beds.
Each of these areas, however, demonstrated its importance to the conservation of Lampsilis
higginsii before zebra mussel infestation and zebra mussels are the only factor that has, at least
temporarily, degraded their ability to support stable or growing populations of Lampsilis
higginsii. Therefore, we will retain each of these areas as Essential Habitat Areas at this time due
to their historical importance to the species and the uncertainty regarding their potential to
* recover from the effects of zebra mussels. The Service’s Twin Cities Field Office will retain an -
‘up-to-date list of Essential Habitat Areas. There are no numeric criteria for areas to be added or
removed from this list. Any Essential Habitat Areas used as part of the basis for a decision to
reclassify or delist the species, however, must meet specific numeric criteria (see Recovery
Criteria).

Recovery Strategy

This revised recovery plan continues the approach of the previous recovery plan for L. higginsii
by focusing recovery on the conservation of the species at identified Essential Habitat Areas. In
the 1983 recovery plan, Essential Habitat Areas were specific areas throughout the historical
range of L. higginsii that supported dense and diverse mussel beds where L. higginsii was
successfully reproducing. This revised recovery plan identifies three additional “Essential Habitat
Areas” (Orion, WI, Prescott, WI, and Interstate Park, MN/WI). The plan recommends the
development of a uniform protocol for collecting information on populations of L. higginsii. Use
of this protocol will allow for ongoing evaluation of the list of Essentla] Habitat Areas and
progress towards recovery. -

The highest prlonty recovery actions for L. higginsii are primarily intended to address the severe
impacts and threats posed by zebra mussels. Of the ten Essential Habitat Areas designated in this
revised plan, zebra mussels have had severe impacts on the mussel communities at Harpers



Slough, Prairie du Chien, and Cordova and are imminent threats at the Prescott, and Hudson, WI
areas. The Prairie du Chien Essential Habitat Area may have contained the largest population of
L. higginsii before its severe infestation by zebra mussels, but Miller and Payne (2001) found
nearly 10,000 zebra mussels/m’ in this area in 2000.

The removal of zebra mussels in 2 manner and scale necessary to benefit L. higginsii is evidently
not currently feasible. Therefore, the plan focuses on developing methods to prevent new
infestations, monitoring zebra mussels at Essential Habitat Areas, and developing and
implementing contingency plans to alleviate impacts to infested populations. Based on recent
activities, the latter may consist largely of removing L. higginsii from areas where zebra mussels
pose an imminent risk to the persistence of the population and releasing them into suitable habitats
within their historical range where zebra mussels are not an imminent threat. Since 2000, workers
have removed 471 adult L. higginsii from areas near Cassville, WI and Cordova, IL on the Upper
Mississippi River and relocated them into Pools 2 and 3 near Minneapolis, MN and Hastings,
'MN, respectively (Table 1). Cleaning fouled adults in situ and artificial propagation and release
(Table 1) are also currently being implemented in an attempt to alleviate the effects of zebra
mussels on the conservation of L. higginsii.

Although zebra mussels are currently the most important threat to L. higginsii, construction
activities, environmental contaminants, and poor water quality may also pose significant threats.
Therefore, the Corps and other agencies must continue to assess and limit the potential impacts of
their actions on L. higginsii. The plan also outlines tasks needed to improve our understanding of
the potential importance that contaminants play in the conservation of L. higginsii and calls on the
U.S. Coast Guard, Environmental Protection Agency, and other agencies to take actions to
minimize the potential impacts of toxic spills.

Interagency partnerships will be key to the recovery of L. higginsii. In addition to the USFWS,
the Implementation Table identifies five other federal agencies and four states as being responsible
for various aspects of the recovery of the species. The U.S. Army Corps of Engineers, for
example, is called on to implement several of the tasks. The Corps’ implementation of the 2000
Biological Opinion on continued operation and maintenance and operation of the 9-foot
navigation channel has resulted in the formation of the Mussel Coordination Team (MCT). This
MCT has assisted the Corps with the implementation of extensive relocation and reintroduction of
L. higginsii since 2000 (Table 1). These activities, although necessary to avoid jeopardizing the
species, are.leading to the development and refinement of techniques for propagating L. higginsii
and other mussel species. ’

Recovery Goals and Recovery Criteria

The goal of the recovery plan is the recovery of Higgins eye to levels where its protection under
the Act is no longer necessary and it may be removed from the Federal list of Endangered and
Threatened Wildlife (50 CFR 17.11). This plan also contams an mtermedlate goal of reclassnfymg
the species from Endangered to Threatened.



Essential Habitat A reas'

Essential Habltat Areas used to support the reclasmﬁcatxon or dehstmg of L. htggmsn (see be]ow)
must meet the following criteria.

1. L. higginsii constitute at least 0.25% of the mussel community and the mussel habitat
appears to be stable and supports a dense and diverse mussel community; or,

2. L. higginsii are found, but constitute <0.25% of the community, the mussel habitat
‘appears to be stable and supports a dense and diverse mussel commumty, and zebra

mussel densmes are < 0 5/m?.

For each defi nmon “dense and diverse” mussel communities are those that:

. mclude a total mussel densxty of > lO/m (M1551ss:pp1 Rlver) or > 2/m’ (other
" rivers); and,
. contain at least 15 other mussel species, each at densities greater than 0.01

1nd1v1dual/m .

Intermediate Goal (Reclassification of Lampsilis higginsii to Threatened Status)
Criteria for Intermediate Goal (Goal 1: Reclassiﬁcation)'

1. Lamps:lzs higginsii may be considered for reclassification from Endangered to Threatened
when at least five identified Essential Habitat Areas contain reproducing, self- “sustaining
populations of L. higginsii that are not threatened by zebra mussels.- The five Essential

" Habitat Areas must meet the above criteria and must include the Prairie du Chien Essential
* Habitat Area and at least one Essential Habltat Area each in the St. Croix River and in
Mississippi River Pool 14.

a. L. higginsii populations will be considered to be “reproducing” if there is evidence
that they include a sufficient number of strong juvenile year classes.’

b. Populations will be considered to be “self-sustaining” if they have maintained
stable or increasing population densities for at least twenty years.” L. higginsii .
populations will be considered stable or increasing if:

! Task 1.2.2 details the questions that the Service must answer to determine the number of strong
Juvemle year classes sufficient to allow for stable or increasing populations of L. hlggmsu

2 For all analyses of trends use a significance level (o) < 0.2 and power 2 0.9.
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i total mussel density in each of the identified Essential Habitat Areas is
stable or increasing for at least twenty years (significance level (o) 0.2
and power >0.9);

ii. and, in each of the identified Essential Habitat Areas L. higginsii comprises
at least 0.25% of the mussel community in Mississippi River sites or, in
other rivers, are consistently present throughout the twenty year period.

The Service will develop standardized sampling protocols (Task 1.2.1) to
evaluate the status of populations relative to these criteria.

c. This criterion will be met if zebra mussels are not present in locations where they
or their offspring are likely to adversely affect L. higginsii populations in any of
the five identified Essential Habitat Areas. The Service will make this
determination by evaluating zebra mussel densities in the source areas and
identified Essential Habitat Areas, the distances between the zebra mussel
populations and identified Essential Habitat Areas, water velocities, larval
development times, and any other relevant information.

Complete the following tasks to determine if water quality criteria for the Final Goal
(Delisting) are necessary to ensure the conservation of L. higginsii and, if so, to develop
measurable water quality criteria for the Final Goal.

a. Develop a freshwater mussel toxicity database for sediment and water quality
parameters to define L. higginsii habitat quality goals. (7 sub-tasks)

b.  Characterize specific sediment and water quality parameters in L. higginsii
Essential Habitat Areas and reestablishment areas. (1 sub-task)

Harvest of freshwater mussels is prohibited by law or regulatioﬁ in Essential Habitat
Areas. This applies to all Essential Habitat Areas, not just the five identified for criterion

i.

Criteria for Final Goal (Deiisting)

1.

- Delisting L. higgin&ii requires that populétions of L. higginsii in at least five Essential

Habitat Areas are reproducing, self-sustaining, not threatened by zebra mussels, and are
sufficiently secure to assure long-term viability of the species. The five Essential Habitat
Areas must meet the above criteria and must include the Prairie du Chien Essential Habitat
Area and at least one Essential Habitat Area each in the St. Croix River and in Mississippi
River Pool 14. "Reproducing” and “self-sustaining” are defined above under the
Intermediate Goal (Reclassification). '
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~ Populations at the identified Essential Habitat Areas will be “sufficiently secure to assure

a.

‘long-term viability of the species” if each of the following four conditions is met:

The Service can identify no activities that are likely to take place in the foreseeable
future that will result in a change in the predominant substrate conditions within
each identified Essential Habitat Area to shifting, unstable sands, silt, cobble,

- boulder, or artificial substrates (e.g., concrete) to the extent that such changes

would appreciably reduce the likelihood of conserving the Higgins eye populatlon
in the Essential Habitat Area : :

The Service can identify no activities that are likely to take place in the foreseeable
future that will result in water quality characteristics (e.g., harmful concentrations
of un-ionized ammonia) in Essential Habitat Areas that have been shown to cause
detrimental effects to L. higginsii or to sympatric or surrogate species to the
extent that such effects would appreciably reduce the likelihood of conserving the
nggms eye population in the Essential Habitat Area.

- There is no indication that construction of barge loading or off-loading sites, boat
~ harbors, hlghway bridges, or fleeting areas or dredging of access channels is likely -

to occur in the foreseeable future within the identified Essential Habitat Areas to
the extent that such activities would appreciably reduce the likelihood of -
conserving the Higgins eye population in the Essential Habitat Area.

'Measures that provide for review of federally funded, permitted, or plénned

activities in or near L. higginsii habitat pursuant to the Fish and Wildlife
Coordination Act and Clean Water Act are in place.

This criterion will be met if zebra mussels are not present in locations where they
or their offspring are likely to adversely affect L. higginsii populations in any of
the five identified Essential Habitat Areas. The Service will make this
determination by evaluating zebra mussel densities in the source areas and
identified Essential Habitat Areas, the distances between the zebra mussel
populations and identified Essential Habitat Areas, water velocities, larval
development times, and any other relevant information.

The use of double hull barges or other actions have alleviated the threat of spills to each of
the identified Essential Habitat Areas. : o

L. higginsii habitat information and protective responses to conserve each of the identified
Essential Habitat Areas have been mcorporated into all applicable spill contingency
planning efforts.
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4. Water quality criteria may be added to the criteria for the Final Goal (Delisting) upon
completion of the tasks referred to under the Criteria for the Intermediate Goal
(Reclassification) (see 2a-b above and Tasks 1.5.1 and 1.5.2).

Actions Néeded: The recovery plan is organized around two main objectives: 1) Preserving L.
higginsii and its Essential Habitat Areas and 2) Enhancing the abundance and viability of L.
higginsii in areas where it currently exists and restoring populations within its historical range.

1) Preserving the current populations of L. higginsii and its Essential Habitat Areas requires the
following actions:

A.  Limit the impact of the exotic bivalve, the zebra mussel, Dreissena polymorpha.
B.  Develop uniform protocols for collecting and maintaining information on L. higginsii
populations.

C.  Confirm and modify the list of Essential Habitat Areas.
D.  Limit construction in areas of essential L. higginsii habitat. Mitigation, including
. translocation, may be an acceptable alternative in limited instances.
E.  Continue to examine the relationship between water quality, especially contaminants, and

" L. higginsii populations in Essential Habitat Areas.

F.  Develop plans to reduce the shipment of toxic materials near L. higginsii habltat and
develop response plans for any spills that may occur.

G..  Review current regulations and develop additional regulation of mussel harvest in the
upper Mississippi River drainage to reduce impacts on L. higginsii.

H.  Develop materials to educate the public on the nature of endangered mussels and L.

higginsii, in particular.

2) Enhancing and restoring populations of L. higginsii within its historic range requires the
~ following actions:

A. ldentify and rank potential sites of existing L. higginsii populations for enhancement.

B. Increase the number of L. higginsii at enhancement sites to current levels found in
Essential Habitat Areas or to numbers appropriate for the local habitat.

C.  Determine the feasibility of reestablishing L. higginsii into historic habitats, particularly
streams that.are at lower risk for zebra mussel colomzatlon and carry out reintroduction
using the best available methods.

D.  Examine the taxonomic validity of L. higginsii especxally since L. abrupt is f'ound in
noncontiguous geographic areas.

Several specific actions are recommended for nnmedlate implementation to ensure the survival of
the L. higginsii.

A. Limit the impact of the exotic bivalve, the zebra mussel, Dreissena polymorpha.
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| B.  Develop umform protocols for collectmg and mamtammg information on L. hzggznsn
populations.

C.  Confirm and modify the locatlons listed in the initial recovery plan as. Essentlal Habltat
Areas :

D. - Require the use of double hull barges. |

Estimated Cost of Recoverv for Fiscal Years 2005-2007 (in $1000s): Costs for ﬁscal years
2008-2055 will be determmed on at least an annual basis by the USF WS and cooperatmg
agencies.

Fiscal Task Task Task Task Task Task Task Task  Total

Year L1 12 13 14 . 15 1.6 17 1.8

2005 100 160 290 S0 745 40 0 10 1395
2006 120 160 280 SO 745 40 0 0 1395
2007 70 110 270 50 470 40 0 0 1010
Total 290 430 840 150 1960 120 0 10 3800

The total costs for Years 1 - 3 do not include the cost of two tasks (1.4.1 and 1.4.2) which could
not be determined at this time.

Date of Recovery: 2055, if recovery criteria are met and if fully ﬂinded.
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L. INTRODUCTION

The Higgins eye pearlymussel (Lampsilis higginsii, Lea 1857) was federally listed as an
endangered species June 14, 1976 (41 FR 24064). The first Federal recovery plan was approved
on July 29, 1983. Revision of the 1983 plan began in 1994, in the wake of the large flood of
1993. There was concern that the flooding may have significantly impacted L. higginsii. This
revision is part of the Service’s ongoing revision of ‘Tecovery plans and it supersedes the initial
1983 recovery plan. : A

Description of Lampsilis higginsii

Taxonomy and Systematics -

Phylum: Mollusca

Class:  Bivalvia

Order: Unionoida

Family: Unionidae -

Genus: Lampsilis

Specnes higginsii (Lea 1857)

The type locality for L. hzggmsn is the Mississippi River at Muscatine, lowa (USFWS ]983)
The original species name given was higginsii, but many references, including the original listing
document, gives the spelling as higginsi. Turgeon et al. (1998) indicate that the proper name is
Lampsilis higginsii with the common name for the species being the Higgins Eye. This species
belongs to a morphologically variable, geographically widespread genus. Most malacologists
agree that L. higginsii is a valid species. There was some early confusion between L. higginsii

- and the morphologically similar L. abrupt (the pink mucket pearly mussel -- also on the Federal
Endangered and Threatened Species list). Lampsilis abrupt is distributed further to the south,
and L. higginsii is found only in the Upper Mississippi River Basin (Oesch 1984). Johnson (1980)
discusses the similarities and differences between L. abrupt and L. higginsii but there is still some
controversy surrounding the taxonomic status of these species.

Morphological Description

Baker (1928) provided a general description of the shell morphology. Baker stated that the shell
was: “Oval or elliptical, somewhat inflated, solid, with gaping anterior base; beaks placed forward
of the center of the dorsal margin, much elevated, swollen, their sculpture consisting of a few
feeble ridges slightly looped; anterior end broadly rounded; posterior end truncated in the female,
bluntly pointed in the male; ventral and dorsal margins slightly curved, almost parallel; posterior
ridge rounded, but well marked; surface shining, marked by irregular growth lines which are
better developed at rest periods where they are usually dark colored; epidermis olive or yellowish-
green with faint green rays. Hinge massive; pseudocardinals erect, triangular or pyramidal,
divergent, serrated, two in the left and one in the right valve, with sometimes indications of
additional denticles on either side of the single right pseudocardinal; interdentium narrow, flat;
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laterals short, thick, slightly curved, almost smooth; cavity of the beaks deep, containing the
dorsal muscle scars; anterior adductor scar deeply excavated, posterior scar distinct; nacre silvery-
white, iridescent, often tinged with pink.”

This species exhibits marked sexual dimorphism with the posterior end in the females sharply
truncated with a post-basal swelling. The posterior end in the males is more roundly pointed. A
number of species can be confused with L. higginsii. Those cited as most similar are Obovaria
olivaria, L. cardium, L. siliquoidea, L. abrupt and Actinonaias ligamentina (Baker 1928;
Cummings and Mayer 1992). ' Although nothing has been published specifically on the internal
anatomy of L. higginsii, Baker (1928) indicates it is most likely similar to that of other
lampsilines.

Historical and Present Distributions

In the initial Higgins Eye Pearlymussel Recovery Plan (USFWS 1983), the historic distribution of
L. higginsii before. 1965.was given as the main stem of the Mississippi River from just north of St.
Louis, Missouri, to just south of St. Paul, Minnesota; in the Illinois, Sangamon, and Ro¢k Rivers
in Illinois; in the lowa, Cedar, and Wapsipinicon Rivers in lowa; in the Wisconsin and St. Croix
rivers in Wisconsin; and, in the Minnesota River in Minnesota (based on Havlik 1980). A
questionable report of this species in the lower Ohio River was also given (Havlik 1980). The
initial plan also indicated a great reduction in the range of L. higginsii based on studies from 1965
through 1981 (Larsen and Holzer 1978; Mathiak 1979; Perry 1979; Havlik 1980; Fuller 1980;
Thiel et al. -1980; Thiel 1981; Ecological Analysts 1981a).

Since the 1983 Recovery Plan, a number of studies have provided new information on the
distribution and abundance of L. higginsii. A study by Cawley (1996) commissioned by the
USFWS for the current recovery team provided a review of the information on L. higginsii
distribution from 1980-1996. Cawley (1996) noted that 510 specimens of L. higginsii had been
collected since 1980. Cawley (1996) extended the reported range of L. higginsii 98 miles to the
south and 82 miles to the north based on the collection of dead specimens. Figure 1 (see Section
V) summarizes the distributional data before 1965, from 1965-1980 and 1981-1996 based on the
1983 Recovery Plan and Cawley’s (1996) study. Thiel (1981) stated that Pool 10 of the
Mississippi River supported the largest population of L. higginsii. The area in the East Channel
of the Mississippi River, by Prairie du Chien, Wisconsin, was considered to be the most
productive L. higginsii habitat in the Mississippi River system. Cawley’s (1996) review supports
this assessment..:Since Cawley’s (1996) review, however, zebra mussels (Dreissena polymorpha)
have drastlcally reduced the populatlon of L. higginsii at Prairie du Chien.

Based on Cawley s (1996) review, it appears that there has been recruitment of L. higginsii
(individuals <30 mm in shell length) in locations surveyed since 1980. The age distribution
indicated that there were more middle-age mussels (35-85 mm shell length) than young. Miller.
and Payne (1988) indicated that some mussel species display infrequent, but fairly strong, '
recruitment and that there can be substantial variability in recruitment among closely located sites.



Given that Cawley’s (1996) review included a wide variety of sites examined over a number of
years, the actual size distribution of L. hlggmsn populatlons is unknown at this time.

As mentioned above .one reason for exammmg the current status of L higginsii was the Great
Flood of 1993. Clarke and Loter (1992, 1993, 1994, 1995) have been monitoring the populatlon
of L. higginsii at Prairie du Chien, Wisconsin, since 1990 as part of a study designed to examine -
the impacts of barge traffic on mussels. Based on their results, it appears that the flood caused no
significant change in the number of L. higginsii found, while recruitment of some other mussel
species was reduced in 1994. Recruitment varied among years (Miller and Payne 1991, 1992,
1993, 1994, 1995a,b, 1996a, 1997), and thus a cause-effect relationship cannot necessarily be
inferred from Clark and Loter’s (1995) work. Mussel communities may have been slightly
relocated due to the flood.

This recovery team commissioned four studies, funded by the Service, to examine L. hzggmsn
populations. The major objectlve of these studies was to examine what impact, if any, the 1993 -.
floods in the Upper Mississippi River and its tributaries had on L. higginsii. These studies were
conducted by Davis and Hart (1995), Heath (1995), Hornbach ef al. (1995) and Miller and Payne
(1996b). Differences in methods among these studies may not allow for statistical comparisons
among populatlons :

Heath (1995, 2003) sampled quantltatlvely and qualitatively for L. higginsii and other mussel
species at the Orion mussel aggregation in the Wisconsin River in 1988, 1995, and 2002. During
each of these three years he counted living and dead mussels present within randomly placed
quadrats and supplemented these samples with qualitative collections within the mussel
aggregation. L. higginsii comprised 0.21% and 0.08% of the live mussels counted in 1988 and
1995, respectively, but no living L. higginsii were found during sampling in 2002 (Heath 1995,
2003). Heath (1995) estimated that there were 2,273 L. higginsii within the aggregation in 1988.
Total mussel densities in' the aggregation decreased significantly between 1988 and 2002; sample
means were 6.05/m” in 1988 and 1.34/m? in 2002. ' Species richness may have also decreased since
1988. Among the initial 600 mussels collected each year, there were 23 species in both 1988 and
1995, but only 21 species in 2002. ‘

Hornbach et al. (1995) examined L. higginsii populations in the St. Croix River and estimated
populations to be 4,000 mussels at Franconia, 4,000 to 10,000 mussels at Prescott, ‘Minnesota,
and 238,000 to 260,000 mussels at Hudson, Wisconsin (all listed as Essential Habitat Areas in the
initial recovery plan). Doolittle and Heath (1997), Heath (in litt. 1998), and Heath er al. (1999)
collected almost 90 L. higginsii from 1987-1999 in the area of the St. Croix river, extending
upstream of Franconia, MN to the Interstate Park Area (Taylor’s Falls, MN) - about 3 river miles.
They estimate L. higginsii population densities of approximately 0.01 individuals/m’. In 2000,
mean density estimates of L. higginsii at Interstate Park and Hudson were 0.01 and 0.09,

“respectively (Heath et al. 2001); these estimates did not reflect a statistically significant change in

abundance at either site. Estimates of population size were 9, 224 (95% Cl = 4,192 - 14,255) at
Hudson and 4,212 (95% CI = 358 - 7,886).



Miller and Payne (1996b) estimated that there were 40,000 m’ of suitable habitat for L. higginsii
at McMillan Island in Pool 10 of the Mississippi River near Guttenberg, Iowa, (an area designated
as Essential Habitat Areas in the 1983 Recovery Plan) which contained an estimated 5,320
individuals. A more recent report contained revised estimates of both suitable habitat (860,994
m’) and potential population size (662,965 individuals), although the authors suggest cautious
interpretation of these crude estimates due to high levels of variability among the data-(Miller and
Payne 2001). '

Davis and Hart (1995) examined an area downstream of Lock and Dam No. 6 on the Mississippi
River near Trempealeau, Wisconsin, to determine whether this area should be classified as
essential for L. higginsii. They found two live and two dead L. higginsii in the area. Although
they did not estimate overall populatxon size of L. higginsii, they indicated that because this area
harbored many other mussel species at high densities, it has potential as an important area for L.

" higginsii. Unfortunately, at the four sites they examined, from 9 to 44% of all unionids were
infested with zebra mussels.

Recent Reintroductions "

Since 2000, state and federal conservation agencies have cooperated to reintroduce Lampsilis
higginsii into areas that it occupied historically, but from which it had been extirpated. This work
has largely been a result of a consultation between USFWS and the U.S. Army Corps of
Engineers (Corps) under section 7(a)(2) of the Endangered Species Act (Act) on the effects to
Lampsilis higginsii of the Corps’ operation and maintenance of a nine-foot navigation channel on
the Upper Mississippi River (see below). In 2000 and 2001, biologists relocated 471 adult
Lampsilis higginsii from the Mississippi River at Cassville, WI and Cordova, 1L, where zebra
mussels posed an imminent risk, to two sites in Pools 2 and 3 of the Mississippi River where zebra
~ mussel densities are below threatening levels. Davis (2003) examined 59 relocated females at
these two sites in 2002 and found that about one-third were gravid. Ofthe 63 L. higginsii
recovered in 2002 (59 females, 4 males), only one was found dead, although several had abnormal
growth patterns exhibited by “exaggerated growth arrest lines and in-turning along the ventral
margin of the shell” (Davis 2003). These mussels appeared to have resumed normal growth
patterns in 2003 (M. Davis, Minnesota Department of Natural Resources, pers. comm., 2003).

Workers are also releasing 'ﬁsh artlﬁc1ally infested w1th L hlggmsn glochldla and hatchery-
propagated juveniles into its historical range and into its current range in an effort to reintroduce
the species and refine propagation techniques, respectively (Table 1). To produce glochidia or
juveniles for release, gravid females have been collected from the Hudson Essential Habitat Area
in the St. Croix River or from relocated L. higginsii in Pool 2 (Cordova origin). At Genoa
National Fish Hatchery, workers remove glochidia and either place them in water containing
suitable fish-hosts or pipette glochidia directly onto the gills. Workers hold the fish at the
hatchery for three weeks before releasing them or placing them in cages at the release site (Table
1, Gordon 2002). The hatchery has typically retained about 5% of the infested fish to monitor the
success of glochidial transformation, provide juveniles for hatchery propagation trials, and for



direct juvenile releases (Table 1, Gordon 2002) Propagation is discussed further below under
“Conservation Measures.”

Esséntial Habitat Areas

* The initial ‘Higgins Eye Pearlymusse] Recovery Plan (USFWS 1983) listed seven locations as
primary habitats (called Essential Habitat Areas in this document) and nine locations as potential
secondary habitats (Table 2 - see Section IV). Essential Habitat Areas were selected based on:

1) historic and current distribution data (at the writing of the recovery plan); '

2)  the nature of the data available for each site, e.g., presence of live L. higginsii, presence of
both sexes, presence of juveniles, numerical abundance of L. higginsii, etc.; and, '

3) the nature of the associated fauna (L. higginsii has often been reported from diverse and
dense mussel beds - Nelson and Freitag 1980).

The Essential Habitat Areas described in this Recovery Plan are those areas capable of supporting
reproducing populations of L. higginsii and are of utmost importance to the conservation of the
species. Cawley (1996) indicated that since 1980, all seven of the Essential Habitat Areas in the
initial Higgins Eye Pearlymussel Recovery Plan had been sampled. In addition, six of the nine
secondary habitats had been sampled

The Service will maintain a list of Essential Habitat Areas. This list will initially contain the areas
described in this plan (Fig. 2), but the Service will revise this list if data indicate that one or more
areas are no longer of utmost importance to the conservation of L. higginsii or if additional
Essential Habitat Areas are identified. The following criteria will be used as a guideline to identify
new Essential Habitat Areas and for an ongoing evaluation of identified Essential Habitat Areas.
As stated above, any Essential Habitat Area that is one of the five on which either a
reclassification or delisting decision is based must meet these criteria:

1. L. higginsii constitute at least 0.25% of the mussel community and the mussel habitat -
appears to be stable and supports a dense and diverse mussel community; or,

2. L. higginsii are found, but constitute <0.25% of the eommunity, the mussel habitat
appears to be stable and supports a dense and diverse mussel community, and zebra
mussel densities are < 0.5/m”.

.
-

For each definition, “dense and diverse” mussel communities are those that:

. include a total mussel density of > 10/m’ (Mississippi River) or> 2/m (other
- rivers); and -
. contain at least 15 other mussel species, each at densities greater than 0.01
individual/m?. : |



Zebra mussels have severely degraded the native mussel communities at a few of the Essential
Habitat Areas to the degree that they may no longer meet the definition above. These sites,
however, demonstrated their importance to the conservation of L. higginsii-until zebra mussels
invaded the Upper Mississippi River in the 1990s and zebra mussels are hkely the sole reason that
they no longer meet the Essential Habitat criteria. Moreover, it is unclear how long zebra mussels
will continue to suppress native mussel communities at these sites. Therefore, the Service will
retain each of these as Essential Habitat Areas until data are sufficient to determine that one or
more no longer possesses and is unlikely to recover the physical and biological features that are
essential to the conservation of L. higginsii. The USFWS’s Twin Cities Field Office will retain an
updated list of Essential Habitat Areas for this species and should make this list available on the
world wide web.

Critical Habitat

Critical habitat is not currently designated for the Higgins eye. If following the completion of this
plan the Service finds that it is prudent and determinable to designate critical habitat for this
species, the Service will prepare a critical habitat proposal at such time as our available resources
and other listing priorities under the Act allow. This proposal will be based on essential habitat
features needed to ensure the conservation and recovery of the species, many of which have been
documented in the below Habitat Characteristics section of this Recovery Plan.

Biology, Ecofogy and Life History
Reproduction

Major aspects of the unionid reproductive cycle have been well described. Males release sperm
into the water, often in packets known as volvocoid bodies (Fuller 1974) that are taken in through
the incurrent siphon by the female. Fertilization occurs and zygotes are brooded in the water
tubes of the gills by the female. In the genus Lampsilis, the marsupia that contain the glochidia,
are kidney-shaped, occupying the posterior portion of the outer gills. Female unionids can
produce up to a million eggs a year (Burky 1983). The zygotes develop into larvae (glochidia)
that are released into the water column in various ways. In the genus Lampsilis, the edge of the
mantle of the female develops into a ribbon-like flap in front of the branchial opening. This flap
'has been described as “minnow-like” in appearance, often having a dark “eye-spot,” and thus it
has been suggested to be important in attracting fish hosts (Baker 1928). The glochidia attach to
a fish host, where they remain for approximately three weeks (at water temperatures of 20-22°C)
(D. Waller, U.S. Geological Survey, pers. comm.) as they transform into_juveniles. They then
drop off their fish host, develop a byssal thread, which may assist in dispersal, and upon settling
on suitable habitat, use the byssal thread as a means of attachment, to prevent bemg swept away
in water currents. X

Lampsilis higginsit' is a long-term brooder (bradytictic). This means that they spawn in the
summer and larvae are retained in the marsupia through the winter until they are released the
following spring/summer. Glochidial release has been reported during June and July (Waller and
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Holland-Bartels 1988) and May and September (Surber 1912). Glochidia of L. higginsii are
morphologlcally similar to those of several other species of lampsilines in the Upper M]SS]SS]ppl »
- River. Waller and Mitchell (1988) have shown that Lampsilis higginsii glochldna canbe -
differentiated from L. cardium, L. siliquoidea, and Ligumia recta by electron mlcroscopy, they
'could not be differentiated by light mlcroscopy or morphometric measures.

Table 3 (see Section IV) identifies the known hosts for L. higginsii. Early studies indicated that
the sauger (Stizostedion canadense) and freshwater drum (dplodinotus grunniens) were fish hosts.
for glochidia of L. higginsii (Surber 1912; Wilson 1916; Coker et al. 1921). These identifications
were based on examination of natural infestations, but field identifications are not robust (Waller
and Holland-Bartels 1988; Waller and Mitchell 1988); Hove and Kapuscinski (2002), however,
confirmed sauger as a suitable host. Based on laboratory infestations of fish with L. higginsii
glochidia, Waller and Holland-Bartels (1988) indicated that four species of fish were suitable
hosts: largemouth bass (Micropterus salmoides), smallmouth bass (M. dolomieu), walleye
(Stizostedion vitreuin vitreum) and yellow perch (Perca flavescens). There was some
transformation of glochidia to juveniles on green sunfish (Lepomis cyanellus), whereas two
species, bluegill (Lepomis macrochirus) and northern pike (Esox lucius), were considered
marginal hosts, because each produced only one juvenile. The common carp (Cyprinus carpio)
and fathead minnow (Pimephales promelas) were unsuitable hosts. Studies by Waller and
Holland-Bartels (1988) and Waller and Mitchell (1988) supported those by Sylvester et al. (1984)
that walleye and largemouth bass were hosts for L. higginsii, but Sylvester et al. (1984) indicated
that the green sunfish and bluegill were not suitable hosts. Hove and Kapuscinski (2002) ’
confirmed largemouth bass as suitable hosts and found that sauger and black crappie also
facilitated metamorphosis of L. higginsii glochidia. In general, Waller and Holland-Bartels (1988)
~ indicate that percids and centrarchids are suitable hosts, whereas cyprinids, ictalurids and
catostomids are unsuitable. Neves and Widlak (1988) also indicated that members of the
subfamily Lampsilinae were more hkely to be found on centrarchids and percids than-on cyprinids
and cottids. :

Feeding

Among the few published studies on unionid feeding mechanisms are recent studies by Tankersley
and Dimock (1992, 1993a, 1993b) who used endoscopic techniques to examine feeding in
Pyganodon cataracta. There have been no studies focusing specifically on L. higginsii but
generally unionids are filter-feeders, removing small suspended food particles from the water
column utilizing the large lamellibranch gills as feeding organs. Feeding rate in bivalves is known
to be greatly influenced by temperature, food concentration, food partlcle size and body size,
(Jﬂrgensen 1975; Wmter 1978).

Habitat ,

Lampsilis higginsii has been characterized as a large river mussel species (USFWS 1983). Davis
and Hart (1995) indicated that it was found in'the more “rivérine”‘portion of Pool 7 and in the



tailwater reaches of other Mississippi River navigation pools. Wilcox et al. (1993) proposed the
following decision criteria for estimating the likelihood of occurrence of L. higginsii:

. Substrate: Substrate not ﬁimly packed clay, flocculent silt, organic material, bedrock,
concrete or unstable moving sand;

. Current velocity: Current velocities less than 1 m/s during periods of low discharge;

e . Mussel relative abundance: 1f 2,000 or more mussels are sampled and no L. higginsii are
found, then it is unlikely to be present;

. Density: Density of all mussels should exceed 10/m?, and any rare species (including L.
higginsii) should occur at densities greater than 0.01 individuals/m’;-

. Species Richness: Species richness (number of species) should exceed 15 when as few as
250 individuals have been collected.

Additional information regarding habitat characteristics is given below.

Substrate

Strayer (1983, 1993), Vannote and Minshall (1982), and others have suggested substrate stability
may be important in determining the presence of freshwater mussel communities. It is the
permanence of the populations in substrate that appears to be most important in constituting a
mussel “bed”. At smaller spatial scales however, such as within mussel beds, substrate difference
provided little predictive power (Holland-Bartels 1990; Strayer and Ralley 1993). Heath (1995)
found no correlation between overall mussel density and substrate size in the Wisconsin River
where L. higginsii was found. Hornbach et al. (1995) have indicated that substrate size does
influence mussel density, although accounting for only a small proportion of the variability in
mussel densxty Mussels also apparently help to stabilize the substrate of the river in some areas
(Watters 1994a). :

Lampsilis higginsii has been found in various substrates from sand to boulders, but not in areas of
unstable shifting coarse sands. Sylvester er al. (1984) found that burrowing times for L. higginsii
were similar in clay, silt and sand, but longer in pebble-gravel substrate. Lampsilis higginsii were
not present in rock substrate. Miller and Payne (1996b) considered substratum that was free of
plants and consisted of stable, gravelly sand as suitable for L. higginsii. Miller and Payne (1996b)
noted that immediately downriver of wingdams, mussel diversity was high and new species were

~ found at a more rapid rate on the wingdam than in gravelly sand. Lampsilis higginsii was found
immediately below the wingdam at McMillan Island and has been collected on wingdams near
Prairie du Chien. The distribution of mussels is at least partially mediated by the distribution of
their host-fish. Therefore, the dlstrlbutaon of mussels in relation to wing dams and other habitat
features may be influenced by the relative distribution of their host fishesin relation to these
features. L. hlggmsn is found in substrate that consists of coarse sand and gravel, but not in
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either finer (silt) or coarser (cobble) substrates (D. Hornbach, Macalester College, St. Paul, MN,
pers. comm. 2004). Cawley (1996) indicated that L. higginsii were most common in sand/gravel
substrate. L. higginsii does not only occur in areas where the river bottom is free of rooted plants.
Divers have recently found significant numbers of L. higginsii in substrates with rooted plants in
the “littoral areas of river channels” at Cassville, WI and Cordova, IL (M. Davrs pers. comm.,
2003).

Stream F. low/Current/Hydrologic Variability

DiMaio and Corkum (1995) indicated certain species of mussels may be more readily found in
different hydrologic conditions. L. higginsii may be primarily adapted to large river habitats with
moderate current, such as the East channel of the Mississippi River near Prairie du Chien,
Wisconsin (Andrew Miller, U.S. Army Corps of Engineers - Waterways Experiment Station,pers.
comm. )

Water Quality

The effects of water quality, including inorganic and organic contaminants, are not well
understood in freshwater mussels. Because of the scarcity of information in this area, most of the
available data are not specific to L. higginsii; however, these data provide an indication of the
relative effects of various water quality measures on unionids. Although this section will not be
specific to L. higginsii, attempts will be made to reference studies on the genus Lampszlls or to

~ species in the same subfamily (Lampsilinae).

In the Upper Mississippi River basin, sedimentation and toxic contaminants have been suggested
as the major threats to biotic resources (Wiener et al. 1984). As benthic filter-feeding organisms,
freshwater mussels are exposed to contaminants dissolved in water, associated with suspended
particles, and deposited in bottom sediments. Thus, freshwater mussels can bioaccumulate
contaminants to concentrations that exceed those in contaminated water or sediments. This
section is organized into two parts: (1) existing water and sediment quality at L. higginsii
locations where reproduction is occurring and (2) water and sediment quality measures most
likely to adversely affect freshwater mussels.

The majérity of the available data on mussels and contaminants concerns tissue residue studies
(reviewed by Havlik and Marking 1987, Naimo 1995). Although these studies document existing
contaminant burdens (e.g., 100 mg of cadmium per gram dry tissue weight), there is little
consistency in how the samples are obtained for analysis. For example, factors such as sex, age,
season, reproductive status, and feeding status can all substantially alter the results of these

“studies. More importantly, there is little available information on what effects these residue

concentrations have on the individual, For example, information on the highest tissue residue
concentration that a mussel can tolerate without an adverse biological effect (lower growth rates,
poorer reproduction, etc.) is largely unknown. These types of data are usually inferred from
examining residue data from heavily contaminated systems and assummg that these mussels are
being adversely affected. :



Water and sediment quality at locations where L. higginsii are reproducing

Long-term persistence of L. higginsii in the Essential Habitat Areas identified in this plan
indicates a history of successful reproduction in these areas. Based on the presence of
reproducing populations, except where severely affected by zebra mussels, water and sediment
quality are presumed to be presently not adversely affecting the survival of L. higginsii in the
Essential Habitat Areas. Due to their limited mobility, however, freshwater mussels cannot
actively avoid contaminated areas. Therefore, existing conditions at a given location should not
necessarily be viewed as optimal or beneficial. Rather, these data should be viewed as ranges of
physico-chemical values that allow survival or some level of reproduction of L. higginsii at the
present time. Even though population size may be stable or even increasing at some sites, poor
water or sediment quality could still be limiting population growth (e.g., fecundity, juvenile
survival, or growth rates could be negatively affected without causing a net population decline).

An assessment of water and sediment quality near reproducing populations of L. higginsii
suggests that L. higginsii exist at locations with relatively good water and sediment quality
(Tables 4 and 5 - see Section 1V). It has been suggested that unionids require water with a
hardness of at least 20 to 40 mg CaCO,/L (Clarke and Berg 1959, Harman 1969) and an alkalinity
of at least 15 mg CaCO,/L (Harman 1970, Pennak 1978); hardness and alkalinity in the St. Croix
and the Upper Mississippi rivers exceed these levels. :

Few data exist on the concentrations of most contaminants thought to adversely affect freshwater
mussels. Nevertheless, the presence of reproducing L. higginsii populations and the diversity and
abundance of many other unionid specics at Essential Habitat Areas, at least before zebra mussel
invasions, suggests water quality is not limiting unionid survival and reproduction. Furthermore,
because many inorganic and organic contaminants that enter aquatic systems associate with fine
sediments (i.e., silts and clays), the greatest likelthood for adverse effects from these contaminants
should be in depositional areas with fine sediments.

The existing data for L. higginsii, however, suggests that the species is not generally found in
areas with a relatively significant amount of sediment deposition (see habitat characteristics .
section). Thus, L. higginsii are generally not located in areas where concentranons of heavy

metals and organic contaminants are most likely to reach toxic levels.

Water and sediment quality factors likely to affect unionids

Slltatton, Eutrophlcatlon and Ammoma “- ngh total suspended SO]]dS is often cited as a factor
affecting the quality of freshwater mussel habitat. Aldridge et al. (1987) found intermittent
exposure of freshwater mussels (Quadrula quadrula Pleurobema beadleanum, and Fusconaia
cerina) to 600 to 750 mg/L of suspended solids adversely affected feeding rate, oxygen uptake,
and excretion. Concentrations of suspended solids of this magnitude, however, are not expected
to occur in either the St. Croix or Upper Mississippi Rivers; Dawson et al. (1984) found
concentrations in these two rivers that ranged from 1 to. 54 mg/L and from 1 to 120 mg/L,
respectlvely
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Recently, the effects of un-ionized ammonia (NH,) on unionids have been evaluated. Augspurger
et al. (2003) reviewed thirty acute (24-96 hour) median lethal concentrations (LC50s) covering
ten species in eight unionid genera and three life history stages. These values indicate that -
unionids are sensitive to ammonia relative to fish and other vertebrates. They reported that
“(G)enus mean acute values ranged from 2.56 to 8.97 mg/L total ammonia as N, normalized to
pH 8. LC50s for juvenile unionids are typically “substantially less than the acute national water-
quality criteria” (Newton 2003), which is 8.40 mg N/L at pH = 8.0 when salmonids are absent ‘
(U.S. Environmental Protection Agency 1999). Augspurger et al. (2003) proposed interim
criteria for maximum and continuous concentrations of ammonia that may be necessary to protect
unionids from acute and chronic exposures, respectively. They acknowledged, however, that it is-
difficult to calculate criteria for chronic exposures due to the paucity of data on long-term S
exposure and sub-letha] effects (Augspurger et al. 2003) :

Ammoma sources “include industrial, municipal, and agricultural wastewaters”, precipitation, and
natural processes (Newton 2003). ‘Concentrations of 30 g NHy/L are frequently observed in
sediment pore water in the Upper Mississippi River during summer (Frazier ef al. 1996).
Concentrations in pore water in the St. Croix River in 2001 ranged from 0.3 to 140.8 ug NH3
N/L (Bartsch et al. 2003). Because concentrations of NH, are related to temperature and pH,
elevated concentrations can occur in riverine systems during low flow periods. Concentrations of

- NH, are also related to particle size, however, with finer sediments containing elevated

concentrations of NH, (Frazier et al. 1996). Thus, the greatest threat to unionids from N]—I3 is
likely to occur in fine sedlments durmg low flow periods.

Although recent data suggest that mussels are generally more sensitive to ammonia than fishes,
effects of ammonia on host fishes is also important for the conservation of L. higginsii. Mean
acute levels of ammonia for two marginal host species (green sunfish and bluegill, Table 3) and
three suitable host species (largemouth bass, smallmouth bass, and walleye, Table 3) ranged from
20 to 35 mg NH;-N/L (at pH = 8§, U.S. EPA, unpubl. data summary).

Inorganic and Organic Contaminants -- An assessment of the available data in the Upper
Mississippi River basin suggests contamination of riverine sediments with elevated concentrations
of pesticides, heavy metals (Cd, Cu, Hg, and Zn), polychlorinated biphenyls (PCBs), and ammonia
may pose the greatest harm to benthic invertebrates (Naimo ef al. 1992a; ]992b Steingraeber et

. al. 1994; Frazier et al. 1996).

Many contaminants, particularly toxic metals, that enter aquatic systems are adsorbed onto
suspended particles and subsequently accumulate in surficial sediments (Tessier and Campbell -
1987). Toxic concentrations of dissolved metals-are uncommon in oxic surface waters. In the.
Mississippi River, for example, more than 90% of the trace metal load is associated with particles
(Trefry ef al. 1986). Thus, these metals can be accumulated by, and directly affect, filter-feeding
benthic organisms such as freshwater mussels. . Recently, studies have focused on sediment pore
water because it is well known that concentrations of inorganic and organic contaminants in pore
water can greatly exceed concentrations in overlying surface water. Yeager et al. (1994)
demonstrated that although juvenile Villosa iris burrowed less than 1 cm into the sediment, they
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were not exposed to the overlying water. Thus, although freshwater mussels, in general, can be
exposed to metals dissolved in water, associated with suspended particles, and deposited in
bottom sediments, juvenile mussels are most likely exposed to elevated metal concentrations
found in association with sediment or pore water.

The effects of heavy metals on freshwater mussels, particularly cadmium (Cd), copper (Cu),
mercury (Hg), and zinc (Zn), have been studied more than other contaminants because they are
widespread, persistent, potentially toxic, and because many freshwater ecosystems are
contaminated with these metals, as a result of human activities (Naimo 1995). Laboratory-based
acute toxicity values for juvenile mussels, range from 44-388 ng Cu/L (Keller and Zam 1991;
Jacobson et al. 1993), 211-588 ng Zn/L (Keller and Zam 1991; McCann 1993), 107-345 ug Cd/L
(Keller and Zam 1991; Lasee 1991). Cherry et al. (2002) found mean acute values ranging from
37-4030 ng Cu/L among eight mussel species using water from Clinch River, Virginia; Lampsilis
fasciola had the lowest species mean acute value (37, st. dev.=12.6). Concentrations of total Cd,
Cu, Hg, and Zn in surface waters of the St. Croix River at St. Croix Falls, Wisconsin, are well
below concentrations thought to be harmful to freshwater mussels (Table 5 - see Section IV).
Similarly, in the reach of the Upper Mississippi River between Coon Rapids, Minnesota (River
Mile 870) and Red Wing, Minnesota (River Mile 800), concentrations of total Cd, Cu, and Zn in
surface waters are also below concentrations thought to be detrimental to mussels (ranges, Cd:
0.8-2.0 ug/L, Cu: 5.2-6.8 ug/L, and Zn: 20-30 ng/L; Boyer 1984).

Virtually nothing is known about the sublethal impacts in mussels to long-term exposure to metals
at low concentration. Although laboratory toxicity tests provide tolerance limits, few of these
tests have used environmentally realistic exposure concentrations. For example, total
concentrations of Cd, Cu, Hg, and Zn in many oxic surface waters are in the ng/L range, yet many
toxicity studies have exposed mussels to concentrations in the ug/L or even mg/L range
(reviewed in Naimo 1995). Sublethal effects are frequently observed at concentrations only one-
half the lethal concentrations, which indicates freshwater mussels become stressed at metal
concentrations much lower than those reported in acute toxicity tests. For example, Jacobson et
al. (1993) determined the 24-h LC,, for juvenile Villosa iris was 83 g Cu/L, but the 24-h ECy,
(percent gaped and dead or ungaped) was 27 pg Cu/L. In addition, Lasee (1991) determined that
0-d old juvenile Lampsilis cardium were killed at concentrations of 141 ug Cd/L, but significant
reductions in ciliary activity, a surrogate for feeding intensity, were evident at concentrations of
90 ug Cd/L.

Comparatively less is known about both acute and sublethal effects of organic contaminants on
freshwater mussels. Keller.(1993) exposed juvenile Utterbackia imbecillis to eight organic
compounds in laboratory tests and found pentachlorophenol was the most toxic (48-h LC,, = 0.6
mg/L) and methanol (48-h LC,, = 37.0 mg/L) was the least toxic. Mussels were insensitive to the
herbicide Hydrothol-191 (96-h LC,, = 4.9 mg/L) and two chlorinated pesticides (chlordane, 96-h
LC,, = 0.9 mg/L and toxaphene, 96-h LC,, = 0.7 mg/L), relative to Ceriodaphnia dubia, an
organism commonly tested in laboratory studies (Keller 1993). Furthermore, juvenile Utterbackia
imbecillis and Villosa villosa were insensitive to malathion, a commonly used organophosphorus
insecticide (Keller and Ruessler 1997). '
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Although there are fewer data on the effects of orgamc contaminants to unionid mussels, the
available data suggest some compounds in the Upper Mississippi River have the potential to harm
L. higginsii and to degrade entire benthic invertebrate communities. For example, zebra mussels
have been shown to bioaccumulate substantial quantities of PCBs in the Upper Mississippi River
(M.R. Bartsch, U.S. Geological Survey - Upper Midwest Environmental Sciences Center, pers.
comm.). In addition, a survey of PCBs in emergent mayflies identified two zones of concern
regarding PCB contamination of riverine sediments--Pools 2 through 6 and Pool 15 of the Upper
Mississippi River (Stemgraeber et al. 1994).

In the Mississippi River, suspended sediments can transport substantial quantities of
organochlorine pesticides such as PCBs, DDT and its metabolites (DDE and DDD), aldrin, and
dieldrin. For example, during 1988 to 1993, suspended sediments in the Mississippi River
transported between 410 and 37,000 grams per day of total PCBs (Rostad 1997). Because
unionids can filter large volumes of water (range, 60 to 490 mL/individual/hour; Stanczykowska
et al. 1976), the potentlal exists for unionids to obtain a substantial contarhinant mass through
mhalatlon of suspended particles. -

Contaminants may also affect mussels via the fish that serve as hosts for the juveniles. Recently, it
has been shown that exposure to fish containing elevated body burdens of DDE, toxaphene, or
atrazine during transformation reduced the survival of juvenile mussels (N. J. Kernaghan, Florida
Caribbean Science Center, pers. comm.). Thus, studies on L. higginsii should also examine
contaminant body burdens in their fish hosts.

Water Quality Data Gaps

1. The biological effects of contaminant residues on freshwater mussels are largely unknown
(i.e., can a mussel accumulate 100 mg/g of contaminant “X” without deleterious effects to
reproduction, feeding, and survival?). :

2. One serious constraint in evaluating the effects of contaminants on the various life stages
of freshwater mussels is the lack of basic information required for laboratory toxicity
studies: nutritional requirements, culture methods, and realistic exposure concentrations--
all of these likely affect the susceptibility of mussels to contaminant exposure.
Furthermore, the lack of data on nutritional requirements and culture methods for species
at risk, such as L. higginsii, jeopardizes species-specific studies.

3. Comparative data on modes of uptake in freshwater mussels are needed to more fully
evaluate contaminant effects, design contaminant monitoring programs, and to develop
water-quality criteria that adequately protect freshwater mussels. The relative significance
of contaminant uptake from food sources, surface water, pore water, and sediments as ‘
routes of exposure is not documented. :

4, The existing data on the most sensitive life history stage (i.e., glochidium, juvehile, adult)
are conflicting. More information is needed to determine which life history stage and sex
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is the most sensitive or to determine if this sensitivity is contaminant-specific. These data
will help guide and standardize field and laboratory toxicity tests for unionids.

Community Associations

Lampsilis higginsii is often found in dense and diverse mussel beds. Cawley’s (1996) review
indicated that on average 20.7 species of mussels were found at sites where L. higginsii have been
collected (range 2 - 36 species). Havlik (1983) commented on the common occurrence of L.
higginsii with either Obovaria olivaria or Megalonaias nervosa. Duncan and Thiel (1983) and
Davis and Hart (1995) also reported a close relationship between the presence of O. olivaria and
L. higginsii. Miller and Payne (1996b), however, found no positive relationship between the
presence of M. nervosa and L. higginsii. Heath (1995) noted that four species (Admblema plicata,
Quadrula pustulosa, Fusconaia flava and L. cardium) are very common at all known L. higginsii
sites. Others have reported that at most L. higginsii sites, L. higginsii accounted for
approximately 0.5% of the community (Fuller 1980; Thiel 1981; Holland-Bartels 1990; Miller and
Payne 1991, 1992, 1993, 1994; .Hornbach ef al. 1995; Miller and Payne 1995a, 1995b, 1996a,
1997). In some areas L. higginsii may account for up to approximately 2.75% of the community
(A. Miller unpubl. data), whereas in some marginal areas it may make up a smaller proportion of
the mussel community. Hornbach ez al. (1995) hypothesized that populations in marginal habitat
_areas are maintained by fish-mediated transport of glochidia from other populations.

Non-human Predators

The natural predators of adult mussels include a variety of aquatic and semi-aquatic animals:
Ondatra zibethicus (muskrats) (Apgar 1887; Evermann and Clark 1920; Van Cleave 1940;
Errington 1941; Takos 1947; Pennak 1978; Hanson et al. 1989; Convey et al. 1989; Neves and
Odom 1989; Lacki et al. 1990), Lutra canadensis (river otters) (Morejohn 1969; Toweill 1974;
Pennak 1978), Mephitis mephitis (striped skunk) (Hazard 1982), Mustela vison (mink) (Pennak
1978), turtles (Pennak 1978), Cryprobranchus (hell benders) (Pennak 1978), fish (McMahon
1991; Williams et al. 1993) and Procyon lotor (raccoon) (Evermann and Clark 1920; Hazard
1982).  Tyrrell and Hornbach (1998) found differences in the sizes of mussels taken from the
middens and adjacent river samples indicating that small mammals are size-specific mussel
predators in the St. Croix and Mississippi Rivers. Their conclusions are supported by previous
findings in similar studies. Convey et al. (1989), Hanson et al. (1989) and Jokela and Mutikainen
(1995) found that mussels in midden piles were longer on average, than the mussel popu]ation in
 the adjoining body of water. Tyrrell and Hornbach (1998) also found differences in species
composition, richness and diversity between mussels collected from middens and adjacent river
sites, revealing species-specific selection by small mammal predators. This result was supported
by the findings of Neves and Odom (1989) and Watters (1995), who found that muskrats.
exhibited preferences for some mussel species over others. Davis and Hart (1995) found 2 freshly
consumed L. higginsii, both females, in muskrat middens in Pool 7 of the Mississippi River.
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If populations of L. higginsii continue to decline in the mainstem of the Mississippi River, it is
* possible that predation, especially in smaller river systems such as the St. Croix and Wisconsin
rivers may become a more important threat to L. higginsii.

N

Genetics

There have been relatively few studies that address the genetic structure and diversity of unionid
populations. Many of the studies that have been conducted have been structured to examine
evolutionary relationships among species (e.g. Davis and Fuller, 1981; Davis et al. 1981; Davis
1984; Lydeard et al. 1996). Kat (1983) and Stiven and Alderman (1992) focused their studies on
Lampsilis species, but neither included L. higginsii.  As in most genetic studies on unionids, these
studies focused on species and subspecies identification - i.e.,determining the “status” of various
taxonomic groups. Few studies have been designed to examine the degree of genetic variability -
both among and within populations of unionids. These types of studies are imperative if
conservation efforts, including relocation projects, are to be successful in maintaining the genetic
diversity of mussel species (Villella ef al. 1997). One study by Berg et al. (1997) indicated that
large river species and small stream spemes may differ in their “within” and “among”-population
genetic variability. ‘A large river species was found to have a high level of within-population
genetic variability and a low level of among-population variability. Berg et al. (1997) claimed that
large river populations may be considered a single large metapopulation, and thus preservation of
several populations in big rivers will conserve most of a taxon’s genetic diversity. While their
study is intriguing, it is based on only a single species of mussel (Quadrula quadrula).

Data from mitochondrial DNA analysis from four populations of L. higginsii in the St. Croix
(Hudson) and Mississippi Rivers [Whiskey Rock (1A), Cassville, W1, and Cordova, IL] indicate a
high degree of genetic variability within populations with no site-specific haplotypes (genes or sets
of genes that are inherited together, Bonnie Bowen, Dept. Animal Ecology, lowa State
University, Ames, lowa in litt. 1999, 2002, and 2003). L. higginsii seems to possess a high
degree of genetic variability relative to other endangered species (B. Bowen in litt. 2002 and
2003). Biologists planning and implementing artificial propagation and reintroduction of L.
higginsii must be careful to ensure that remtroduced populatlons reflect the genetic vanablhty
found in natural pbpulat)ons :

Reasons for listing

The major reasons for listing L. higginsii were the decrease in both abundance and range of the -
species. As stated in the initial recovery plan (USFWS 1983), the Higgins eye pearlymussel was
never abundant and Coker (1919) indicated that it was becoming increasingly rare even at the end
of the 1800s. The fact that there were few records of live specimens from the early 1900s until
the enactment of the Endangered Species Act in 1973 was a major factor in its listing in 1976.

‘Since the initial listing of the species, a variety of authors have noted declines in mussel
populations within the range of L. higginsii. Thiel (1987) reported mid-1980's die-offs of mussels

in the Mississippi River that were most noticeable in areas of L. higginsii occurrence. Blodgett
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and Sparks (1987a) noted a decline in the unionid community near the Sylvan Slough Essential
Habitat Area and Havlik (1987) noted a die-off near Prairie du Chien, Wisconsin, another
Essential Habitat Area. Havlik (1987) also indicated an “unusual” number of fresh-dead L.
higginsii at this site in 1985. Few papers presented at a workshop examining die-offs (Neves
1987) gave concrete reasons for the cause of the die-off, however Scholla et al. (1987) indicated
that a gram-negative rod bacterium, which forms yellow colonies was associated with “sick”
mussels from the Tennessee River. Research on mussel pathogens (bacterial, viral and protozoan)
and their effects on population levels has not been conducted.

Present Threats
Zebra Mussels and other Invasive Species (sée Tasks under 1.1 and 2.3 in the.step-down outline)

Zebra Mussels -- The introduction of the zebra mussel to North America has negatively affected
populations of native mussels (Unionidae) (Mackie 1991; Hunter and Bailey 1992; Strayer 1999).
Unionid mussels evolved in the absence of any major fouling organisms and have no mechanisms
for dealing with their deleterious effects. Zebra mussels have the potential to impact unionids
both directly, by actual attachment, and indirectly, through competition for food or changes in
water quality (Descy et al. 2003; Makarewicz ef al. 2000). The relative amount of stress caused
by zebra mussel attachment may be species and sex specific. For example, members of the
subfamily Ambleminae, which are short-term brooders, are less stressed by zebra mussel
colonization than are long-term brooders, such as the Lampsilinae (Haag et al. 1993). Sexual
differences within a species also exist, with colonized males being less stressed than colonized
females (Haag et al. 1993). These studies suggest that. zebra mussel introduction could drastically
alter unionid mussel community structure and overall biodiversity by affecting the fitness of
community members unequally. - '

- One way that zebra mussels effect unionids is through direct attachment to their shells. Zebra
mussels can colonize all species and may reduce both population size and species richness of
unionids (Mackie 1991). Observations by Hebert ef al. (1989) and laboratory studies by
Lewandowski (1976) showed that zebra mussel attachment rates were higher on live unionids
than on dead unionids or rocks, although recent studies by Toczylowski and Hunter (1996)
indicated that this preference may not be exhibited in the field. In 1989, on Great Lake gravel
substrates, one third of the zebra mussels were attached to unionids, while the rest were attached
to the gravel (Hebert et al.'1989). Unionid shells may provide substrate for zebra mussels in areas
that they would otherwise be unable to colonize. Hebert et al. (1989) note that zebra mussels are
most often found in locations with gravel substrate, but can also be found on sand and silt
substrate if hard objects, such as unionids, are available. In the Great Lakes and in Polish lakes,
up to 90% of the unionid population had attached zebra mussels (Lewandowski 1976; Hebert et
al. 1989); although even severe infestations may not cause immediate 100% mortality of unionids
in the Great Lakes, reductions in unionid densities to levels <5% of the pre-zebra mussel
colonization levels have been documented and the long-term viability of the remnant populations
is unclear (Schloesser 1997). Haag et al. (1993) examined unionids in Lake Erie and found an
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average of 216 zebra mussels attached to each unionid. Individual unionids have been found
encrusted w1th over 10, 000 zebra mussels (Hebert et al. 1991)

The direct attachment of zebra mussels may affect unionids in several ways. Unionid locomotion
may be impaired by the attached zebra mussel biomass. Zebra mussel biomass often exceeds that
of the underlying host unionid (Lewandowski 1976; Mackie 1991). Tucker (1994) indicated that
habitat alteration, with zebra mussels forming a “pavement” over gravel bars, prevented unionids
from burrowing. Zebra mussels may interfere with siphon extension or prevent valve closure and
opening, resulting in inhibition of feeding, respiration or excretion. Wiktor (1963) reported that
zebra mussels can over-grow Unio spp. and Anodonta spp., resulting in “suffocation.” Prevention
of valve closure may increase the susceptibility of unionids to diseases, parasites, and predation.
Zebra mussels can also cause shell deformation of unionid shells, especially near the siphons
(Lewandowski 1976). These deformations may also contrlbute to inhibition of physmlogncal
functions. '

Indirect effects of zebra mussels on unionids include potential competition for food and changes in
~water quality. Zebra mussels, as filter-feeding organisms, have the potential to strip the water of
food and nutrients. The enormous influence of zebra mussels on the phytoplankton dynamics of
aquatic systems has been estimated by a number of authors. Stanczykowska et al. (1976)
calculated that filter feeders, especially zebra mussels, consumed 8% of the primary production
per year in a Polish lake. Lewandowski (1983) concluded that a population of zebra mussels in
~ another lake in Poland can filter 213 x 10° m’ of water per year. Reeders e? al. (1989) indicated -
that the zebra mussel populations in Lakes Ijsselmeer and Markermeer in the Netherlands had the
capacity to filter these lakes once or twice a morith, greatly reducing phytoplankton biomass.
Descy et al. (2003) found that high zebra mussel densities on the River Moselle in western
Europe resulted in the loss of “virtually all small zooplankton in the summer.” In addition,
excretion of ammonium by zebra mussels may lead to increases in ambient concentrations of
ammonia (Lavrentyev ef al. 2000; Makarewicz et al. 2000).

Zebra mussels may also be affecting unionid mussel populations by filtering their glochidia.
Maclsaac ef al. (1991) indicated that although mussels preferred algal foods smaller than 50 um;

_they can ingest particles at least up to 400 «m in length. McMahon (1991) indicated that unionid
glochidia range in size from 50-400 wm, with most less than 200 um. Consequently, it is possible
that zebra mussels consume unionid glochidia. '

There are no studies that adequately quantify competition for food among freshwater mussels.
Based on theoretical considerations, Levinton (1972) claimed it unlikely that there is competition
for food among filter-feeding organisms. A number of studies in marine systems (e.g. Wildish and
. Kristmanson 1984, Fréchette et al. 1989), however, indicate that food supply to bivalves may be
limited and that competition for food may be an important factor in controlling bivalve growth.
Certainly, the potential for competition for food resources between zebra mussels and unionids is
great. Strayer ef al. (1996) and Caraco et al. (1997) have implicated a reduction of
phytoplankton abundance in the Hudson River to the introduction of zebra mussels to this system;
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this may also explain subsequent reductions in unionid density, even though the number of zebra
mussels attached per unionid is quite low. .

Zebra mussels have clearly had major impacts on North American unionids (Strayer 1999).
Strayer and Smith (1996) have shown that unionid density fell by 56%, recruitment of young-of-
the-year unionids fell by 90%, and condition of unionids fell by 20-50%, 4 years after the
introduction of zebra mussels into the Hudson River. Similarly, Ricciardi (1996) found significant
declines in unionid density and physiological condition in the St. Lawrence River 3-5 years after
the introduction of zebra mussels. '

All current populations of Lampsilis higginsii are under the potential threat of being colonized by
zebra mussels; only one of the current Essential Habitat Areas, Interstate Park in the St. Croix
River, is entirely free of zebra mussels. Tucker er al. (1993) reported the widespread colonization
of unionids by zebra mussels in the upper Mississippi River. Clarke and Loter (1995) found
nearly a ten-fold increase in zebra mussel densities from 1993 to 1994 at Prairie du Chien. Cope
et al. (1996) summarized the status of zebra mussels in the upper Mississippi River and indicated
that densities ranged from 1-11,000 zebra mussels/m on the locks and dams in this stretch of the
river. Ricciardi ef al. (1995b) indicated that severe unionid mortality (>90%) is expected when
zebra mussel density reach 6000/m’ with infestation rates of 100 zebra mussels/unionid.

Zebra mussels have had a substantial impact on the mussel community at Prairie du Chien, WI,
one of the Essential Habitat Areas (Miller and Payne 2001). Quantitative and qualitative samples
for freshwater bivalves have been collected in the east channel of the Mississippi River at Prairie
-du Chien by the U.S. Army Engineer Waterways Experiment Station since 1984 (A. Miller, pers.
comm.). The first zebra mussels in quantitative samples were taken in 1993, averagmg 2
individuals/m’. Zebra mussel density increased to over 10,000 individuals/m’ in 1996. Although
zebra mussel densities decreased and varied from 1996 to 2000, meah density estimates typically
exceeded 1,000 individuals/m®. Coincident with these densities of live zebra mussels, shell
material from dead zebra mussels had increased to a depth of approximately 50 cm in some areas.
Addmonally divers reported substantial hydrogen sulfide production associated with dead zebra
mussels and other organic debris.

Impacts of zebra mussels on reproduction in some areas occupied by L. higginsii has been
profound. From 1984 to 1994, evidence of recent recruitment for native mussels in the East
Channel at Prairie du Chlen was highly variable, but obviously unaffected by zebra mussels (A.
Miller, unpubl. data). The percentage of live unionids less than 30 mm total shell length during
this period ranged from 10.7% in 1984 to a maximum of 41.5% in 1993. The percentage of
species showing at least some evidence of recent recruitment ranged from a low of 36.8% in 1992
to a high of 75% in 1987. In 1996, when zebra mussel density was at its maximum, juvenile
native mussels were present, but the percentage of recent native mussel recruits decreased to
0.0% in 1999 and 2000. Thus, zebra mussel densmes in 1996 and 1997 vxrtually eliminated
recruitment of native spec1es by 1999.
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Mean density of all unionids in the East Channel varied from a maximum of 149 individuals/m? to
a minimum of 28.3 individuals/m’ during the period 1984-1994 (A. Miller, unpubl. data). Year-
to-year variation could have been caused by slight differences in sample site locations, mortality of
older age classes, and variation in recruitment. The rapid decline in native mussel density after
1996, first noted in 1998 (10.1 individuals/m?) and continuing in 1999 (1.7 individuals/m?),
however, is almost certainly related to the presence of zebra mussels. Before 1999 L. higginsii
comprised >1% of the total native mussel fauna in the East Channel in all study years. Live
specimens of L. higginsii were not collected at this location during quantitative (i.e., systematic,
randomized) sampling in 1999 and 2000, however, and only one live L. higginsii was collected
during qualitative samplmg in those two years. In 1999, quantitative and qualitative samples were
also collected in the main channel of the Mississippi River approximately 1 mile from the sampling
location in the East Channel. A qualitative sample collected there included five L. higginsii out of
a total of 198 unionids collected (i.e., L. higginsii comprised 2.5% of the sample). Zebra mussel
densmes were lower in this main channel location than in the East Channel.

Data,indicate that densities of live zebra mussels have declined recently at Prairie du Chien, at
least temporarily. In 2003, mean zebra mussel density was 30.7 (SD =42.8, n= 5, U.S. Army
Corps of Engineers, unpubl. data), whereas in 2000 it was 9390 individuals/m? (SD = 2932.4, n=
10, U.S. Army Corps of Engineers, unpubl. data). Native mussels have persisted, but mean
unionid densities are well below the minimum densities observed before zebra mussels invaded.
In 2003, mean unionid density was 6.5 individuals/m? (SD 4 9, n= 5, U.S. Army Corps of"
Engineers, unpubl. data).

- The Corps has found similar declmes in zebra mussel densities at Casswlle WI (U.S. Army Corps
of Engineers, unpubl. data). Upstream popuilations of zebra mussels persist, however, most
notably at Lake Pepin. Therefore, the threat of another devastating influx of zebra mussels at
Prairie du Chien and other L. higginsii habitats is still imminent despite recent population trends.
In the long term, zebra musséls may have only transitory or temporarily depressing impacts on
native mussel populations, including those of L. higginsii. The current data indicate, however,
that it is prudent to consider zebra mussels as a mortal threat to L. higginsii until new information
indicates otherwise (e.g., data indicating recovery of L. higginsii populations affected by zebra

< mussels).

Humans agents (e.g., barges and recreational boats) are likely the most important and, perhaps,
the only way by which zebra mussels spread upstream in rivers (Carlton 1993). Zebra mussels
attach to nearly anything submerged and can survive for days out of water, depending on the
temperatures and relative humidity to which they are exposed. Recreational and commercial
'vessels transport zebra mussels when they attach to exterior hulls or other structures or when they
inhabit bilges, bait wells, water intake fittings, or any other wetted part of boats. They can be
spread by any wetted equipment, such as construction equipment previously used in infested
water or by diving equipment, including air tanks and dive suits used in infested waters.

Due to the presence of a veliger larvae in the life-cycle of zebra mussels, downstream transport by
flow is common in river populations whereas human-mediated transport is the significant mode of -

19



upstream transport. In Europe’s Rhine River, studies indicate that upstream lakes and impounded
reaches along the river provide the veligers necessary to maintain downstream populations of
Dreissena polymorpha (Borcherding and De Ruyter Van Steveninck 1992; Janz and Neumann
1992; Kern et al. 1994). Kern et al. (1994) indicate that zebra mussel population fluctuations in
upstream lakes (mainly caused by waterfowl - Cleven and Frenzel 1993) were responsible for
downstream fluctuations in population levels, but tests by Johnson and Carlton (1996) seemed to
discount the role of waterfowl in the overland transport of zebra mussels. Clarke (1992), Carlton
(1993) and Martel (1995), among others, have indicated that upstream dispersal of zebra mussels
is due to human transport, primarily on boats. Boats pulled overland on trailers may be the

-primary mechanism for overland dispersal (Ricciardi ef al. 1995a; Bossenbroek et al. 2001); the
majority of within-river upstream transport occurs by attachment to commercial and recreational
boats.

Without upstream transport and a stable upstream population of zebra mussels, it is not clear

~ whether downstream populations will remain stable. Whitney et al. (1995) reported drastic
declines in zebra mussels in the Illinois River after large populations were reported in 1994. It is
presumed that transport of zebra mussels from the Great Lakes through the Illinois River, with
subsequent upstream transport on commercial barges, resulted in the current distribution of zebra
mussels in the Mississippi River from St. Paul, MN and downstream. Whitney ef al. (1995)
indicate “Given the man-made connection with Lake Michigan ... we expect mussels numbers in
the Ilinois will fluctuate dramatically over the next few years ...”

There are large populations of zebra mussels as far upstream as Lake Pepin on the Mississippi
River (Pool 4) and they are now also established in the lower St. Croix River, which is upstream
of Lake Pepin. Zebra mussels have been found farther upstream at locks and dams as far as St.
Paul, MN, but self-sustaining populations upstream of the mouth of the St. Croix River may not
exist at this time, due to a lack of a significant upstream source of veligers. In the St. Croix River
zebra mussel populations are recently established and appear to be self-sustaining in the mostly
lacustrine portion of the lower river, upstream to Stillwater, MN (N. Rowse, USFWS, pers.
comm. 2003); this reach of the St. Croix River includes both the’ Hudson and Prescott Essential
Habitat Areas. . ,

Currently, there is a proposal to develop an invasive species barrier between Lake Michigan and
the Illinois River (Moy 1999), although at present the design would not restrict zebra mussels.
The only hope of developing effective strategies for managing zebra mussels, or of determining if
specific strategies are necessary or feasible, is to monitor the spread of zebra mussels and their
potential effects on L. higginsii, particularly in Essential Habltat Areas.

Interagency Cooperation Between the Service and U.S. Army Corps of Engineers -- On 15 May
2000, the Service issued a biological opinion to the U.S. Army Corps of Engineers (Corps) in
which it determined that the Corps’ continued operation and maintenance of the 9-foot navigation
channel on the Upper Mississippi River System (UMRS) would jeopardize the continued
existence of Lampsilis higginsii. The Service based this finding on the effects to L. higginsii of
the upriver transport of zebra mussels by commercial and recreational vessels. 1n its biological

20




opinion, the Service provided a reasonable and prudent alternative to the proposed action to avoid
jeopardizing L. higginsii and mandated further measures to minimize the incidental take that
would result from implementation of the proposed action. Imp]ementatlon of the reasonable and
prudent alternative and the reasonable and prudent measures is mandatory for the Corps. As a
result, the Corps must (1) conduct a L. higginsii relocation feasibility analysis, (2) prepare a
Higgins eye Pearlymussel Relocation Plan, (3) implement a monitoring program for L. higginsii
and other unionids in the Upper Mississippi River System, (4) investigate opportunities to protect
 live L. higginsii individuals within essential habitat areas in the Upper Mississippi River System
during the interim period between issuance of the biological opinion and implementation of the
relocation phase, and (5) develop and implement an action plan to monitor abundance and
distribution of zebra mussels on the Upper MlSSlSSlppl River System.- ‘

In response to the biological opinion, the U.S. Army Corps of Engmeers established a Mussel
Coordination Team with a Partnership Agreement signed by agency heads of the U.S. Army"
Corps of Engineers, St. Paul and Rock Island Districts; the USFWS; the U.S. Geological Survey;
the National Park Service; the U.S. Coast Guard; and the departments of natural resources from
“the states of Minnesota, Wisconsin, Iowa and Illinois. The purpose of the Mussel Coordination
Team is to work cooperatively to coordinate and plan relevant mussel studies and prbjects andto
share information on the management of native mussel resources and control of invasive non- -
indigenous mussel species. ' :

The Corps subsequently developed draft interim and long-term goals and objectives to address the
conservation of L. higginsii (U.S. Army Corps of Engineers 2002). The Interim Goal (next 10
years) is to maintain and/or establish reproductively viable populatlons of Higgins Eye
Pearlymussels based on the following objectives:

Objective 1. Maintain viable populations of L. higginsii and other native mussels at the
Interstate, Hudson, Prescott and Orion Essential Habitat Areas.

Objective 2. Protect as many L. higginsii as practical in the following Essential Habitat Areas
and/or other important habitats: Lower St. Croix River (Hudson), Lower St. Croix River
(Prescott), UMR - Pool 9 (Whiskey Rock), UMR - Pool 10 (Harpers Slough), UMR - Pool
10 (Prairie du Chien), UMR - Pool 10 (McMillan Island), UMR — Pool 13 (Bellevue), UMR -
Pool 14 (Cordova), UMR - Pool ]5 (Sylvan Slough). ‘

_ Objectlve 3. Establish a minimum of five new and viable populatlons of L. higginsii in the
UMR and/or tributaries un-infested or with low level infestations of zebra mussels.

Objective 4. Monitor trends in abundance and dlsmbutlon of L. higginsii and other native
mussels.

Objective 5. Monitor trends in abundance and distribution of zebra mussels in the UMRS.
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The Long-term Goal of the Corps* conservation plan is to maintain existing (year 2000)
population levels of Higgins eye pearlymussels within at least four geographically separate areas
meeting the criteria for Essential Habitat.

Objcctive 1. Prevent zebra mussel infestation above Lake Pepin and into the Lower
Wisconsin River and other UMRS tributaries and reverse current zebra mussel population
trends in the UMRS especxally from Lake Pepm downstream to the confluence of the Illinois
River.

_Ob_]ectlve 2. Restore L. hzggmsn populations and habitat in essentlal and other habitat areas.

Various aspects of these plans were initiated in summer 2001. Higgins eye pearlymussel and
zebra mussel populatlons will be monitored at Essential Habitat Areas and at other key study sites
over the next 10-25 years to evaluate the effectiveness of past and current management strategies.

Currently, the areas above Pool 4 include areas of historic L. higginsii populations as well as two
Essential Habitat Areas (both in the St. Croix River). Invasion of those two areas could result in
the relocation of L. higginsii to river reaches where zebra mussels are absent or present at low
densmes Relocation of L. hzggmsu to uninfested rivers or other waters may become the only
means of preserving the species. Thus, there is need for (1) capability to identify suitable L.
hzggmsn habitat refuge areas, (2) measures to safely and effectively remove all life stages of zebra
mussels from L. higginsii to be relocated to avoid contaminating release sites, and (3) safe and
effective L. higginsii relocation methods and protocols.

The Team, therefore, stresses the importance of:

1. Preventing zebra mussels from spreading to the remaining uninfested L. higginsii areas in
the St. Croix and Wisconsin rivers.

2. Monitoring, studying, and documenting zebra mussels and their impacts on L. higginsii,
particularly in infested Essential Habitat Areas.

3. Researching and developing L. higginsii habitat identification guidelines for selecting
refuge areas outside present L. higginsii range. -

4, Dcveloping L higgihsii ,rel(;cation techﬁiques.

" Black Carp (Mylopharyngodon piceus) — Black carp, which were introduced from Asia into
aquaculture operations in several southern states, are molluscivores that consume snails and
bivalves. Their establishment in the MlSSlSSlppl River would likely threaten Higgins eye. Black
carp inhabit large rivers in their native range, which extends from.22-51° north latitude (K.
Duncan, U.S. Flsh and Wildlife Serv1ce, pers. comm. 2004). Nico et al. (2001) found that the
likelihood of black carp becommg established in open waters in the U.S. is “High — Very Certain”
because many aquaculture facilities in the southern U.S. are highly vulnerable to flooding.
Subsequent to their analysis, on March 26, 2003, a commercial fisherman caught one black carp, i
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evidently a sterile triploid specimen, in an oxbow that is “occasionally connected to the
Mississippi River during floods” (Chick er al. 2003). The Mississippi is among the four major
river basins that appear to provide appropriate habitat for the spread of this species (Nico et al.
2001). Other Asian carps — bighead (Hypophthalmichthys nobilis) and silver (H. molitrix) — are
already “firmly established and spreading in the Mississippi River system (Nico et al. 2001). -

* Round goby (Neogobius mela'hostomus) Round goby is another species introduced into North

America from Eurasia that may threaten Higgins eye. Unlike black carp, it was introduced
unintentionally from freighter ballast. It has become established in several areas in North
America, including the Mississippi River Basin — it now occurs in the upper 18% of the Chicago
Sanitary and Shipping Canal, which flows into the Illinois River (P. Thiel, USFWS, pers. comm.,
2004). Their size (approx. 7-10 cm) would likely limit their impact to the consumption of Higgins

- eye < 10 mm in length (Ray and Corkum 1997). Therefore, the consequences of round goby

establishment in the range of Higgins eye may be less than that of black carp, but they still pose a
potential threat to this and other umomds

Habitat Alteration (see Tasks under 1.2,1.3,14, 1.8, and 2.1 in the step-down outline) -

Modifications to the Upper Mississippi River (UMR) for navigation began about 1878 when

- Congress authorized a 4 2-foot navigation channel. Modifications consisted primarily of clearing

and snagging, construction of wing and closing dams, and a canal to bypass the Des Moines
rapids at Keokuk, Iowa. In 1907, a 6-foot channel was authorized, with construction of more
wing and closing dams, dredging, bank revetment, and two locks at the Rock Island rapids,
Iinois. In 1930, a 9-foot channel was authorized, including the construction of locks and dams;
it was completed by 1940 (Crittenden 1980). These modifications have resulted in profound
changes in the nature of the river, primarily replacing a free-flowing alluvial system with a stepped
gradient river. Continual maintenance of the 9-foot channel requires dredging, wing and closing
dam reconstruction and maintenance, and bank stabilization. The last major modification on the
UMR occurred in 1995 when a second lock at Melvin Price Locks and Dam (Alton, 1llinois)
became operational, theoretically increasing the capacity of the lock and dam system to pass tow
traffic uprlver

_ Although the immediate result of lock and dam construction was an increase in the volume of

backwater lakes and sloughs, over time an equilibrium between flow and cross-section was
restored by an increase in sedimentation rates in these new navigation pools. Substrate stability is
of paramount importance in maintaining mussel populations (Vannote and Minshall 1982; Strayer
1983, 1993). Therefore, changes in substrate composition are likely to have important impacts on
mussel communities. Siltation rates in pools 7, 8 and 9 have been estimated at approximately 0.7-
2.9 cm/year (LePage et al. 1980). In addition, there has been an increase in sediment deposition
in Lake Pepin (Pool 4) since the early 1900s, leading to a shift from a coarse gravel mixed with
mud to one dominated by silt (Thiel 1981). Much of this sedimentation has taken place in
backwaters, however, rather than in main channel and main channel border habitats where L.
higginsii is typically found
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These changes have undoubtedly inflienced, and continue to ififluence, mussel habitat. Fuller
(1980), Havlik (1983), Hornbach et al. (1992) and Thiel (1981) have all shown that there has
been a decline in the mussel species richness found in the Upper Mississippi River, compared to
species richness found in pre-impoundment studies by Ellis (1931a,b). L. higginsii has apparently
always been a relatively minor component of the mussel community (USFWS 1983). Therefore, a
direct link between changes in the distribution and abundance of this species and habitat alteration
is difficult to ascertain.

In 1987, the Corps of Engineers consulted with the Service on the effects of increased tow traffic
on L. higginsii due to the proposed construction of the second lock at the Melvin Price Locks and
Dam. The resulting biological opinion and incidental take statement required the Corps to
conduct a baseline and navigation effects study of four mussel beds on the UMR (USFWS 1987).
Miller et al. (1990) designed and initiated the study in 1988. They indicated that evidence of
negative effects of commercial traffic on mussels and L. higginsii would be assessed using the
following six parameters: 1) decrease in the density of five common-to-abundant species, 2)
absence of L. higginsii, 3) decrease in live-to-recently-dead ratios for dominant species, 4) loss of
more than 25 percent of the mussel species, 5) no evidence of recent recruitment and, 6)
significant reduction in growth rates or increase i mortality. These constituted triggering
mechanisms, any one of which would necessitate the reinitiation of consultation with the Corps of
Engineers to assess the impacts of tow traffic on the species. The baseline phase of this study has
been completed (Miller and Payne 1991, 1992, 1993, 1994, 1995a,1995b, 1996a, 1997) and is
now in the monitoring phase. In the year 2004, the two agencies will meet and reevaluate the
necessity of monitoring beyond that date. :

Miller and Payne (1996a) noted that, at no time, could velocity changes from a single or multiple
tow passage be considered damaging to benthic organisms or their habitat. Furthermore, they
state that tow-mduced changes in turbidity and suspended solids at mussel beds in the UMR were
minor, of short duration and likely to have only minimal effects (Miller and Payne 1996a). Studies
from 1990 to 1994 by Clarke and Loter (1995) on L. higginsii populations at Prairie du Chien,
indicated that barge traffic did not damage mussels at any site and that no significant changes in
the numbers of L. higginsii occurred at any sites. They also found that condition indices of a
common species (Amblema plicata) did not change. Clarke and Loter (1995) did find some
changes in the number of mussel species, increases at some sites and decreases at others, which
they attributed to the Great Flood of 1993 and not to barge traffic. However, as tow traffic is
projected to increase on the UMRS in future years, it is essential that momtormg of these
potential eﬁects be contmued

Much of the habltat alteratxons due to navxgatnon since the late 18005 including the 4- foot 6-foot,
and 9-foot channel projects, and operation and maintenance of the navxgatlon system, have
already occurred. The Corps, in cooperation with USFWS and other agencies, work to ensure
that ongoing maintenance activities, such as dredging and disposal, are implemented to avoid L.
higginsii habitat. Future habitat alterations associated with navigation and increasing tow traffic
over the next 50 years, however, may adversely affect the species. These impacts are the subject
of two ongoing consultations conducted under section 7(2)(2) of the Endangered Species Act
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between the Service and the Corps of Engmeers on the operation and mamtenance of the 9-foot ’
: channel project (see above) and system-wnde navngatlon lmprovements

The Corps of Engmeers indicated that, in their best professional judgement, a 220 percent -
increase in barge traffic in specific areas of the East channel at Prairie du Chien could result in up
to a 20 percent reduction in the number of L. higginsii as a result of chronic perturbations over a
40-year period (U.S. Army Corps of Engineers 1993). Based on 10 years of studies in both the
‘main and east channels at Prairie du Chien (Miller and Payne 1991, 1992, 1993, 1994, 1995a,
1995b, 1996a, 1997), there were no significant changes in populations. Intergenerational
changes, however, could occur and 10 years is a small portion of the life span of many mussels.
Tow traffic impacts should continue to be studied, partlcu]arly in main channel borders areas such
as those at Prairie du Chien, Wxsconsm where tows move in close proxumty to beds contammg L.
hlggmsn :

The types of activities currently affecting L. higginsii habitat on the UMR are primarily related to -
the development of land-based, water-oriented facilities such as barge loading and off-loading
sites, small boat harbors, dredging of access channels, construction of highway bridges and the
establishment of fleeting areas. These can have negative impacts to mussels. Dredging access
channels directly eliminates habitat and, over time, may cause the slumping of adjacent areas into
the channel, further reducing available habitat. The operation of small boats and larger vessels
(e.g., casino boats) in the vicinity of mussel beds can have impacts through the redistribution of
sediment or accidental spills of fuel and other contaminants. Fleeting barges over mussel beds
may directly crush or bury mussels. Pier construction for new highway bridges has taken place in
or near mussel beds.

To adequately address these threats, Intermediate Goal 1D (limit construction in areas of essential
L. higginsii habitat) must be met. In the event that impacts to L. higginsii cannot be avoided,
they may be mitigated by the relocation of mussels before construction.

Water Quality (see Tasks under 1.5 and 2.3 in the step-down outline)

Water quality issues, including point and non-point contaminant and pollutant sources, and
chronic and episodic events, have not been documented as presently having significant adverse
impacts to L. higginsii. The lack of documented impacts may be a consequence of the lack of
investigation as much as a lack of actual impacts. Contaminants and pollutants may have had a
role in the presumed decline of the species; they may be presently affecting L. higginsii
abundance, distribution, and health, and they may be rendering otherwise suitable potential
reintroduction areas unfit for the species. Harm to Lampsilis higginsii has not been documented
as a result of a single contaminant spill or other short-term contaminant episode, but such
episodes have been strongly implicated in mussel die-offs elsewhere (Sheehan et al. 1989). The
. presumption must be that L. higginsii are as vulnerable to contaminant events as are other mussel
species and accidental or unintended contaminant events that occurred elsewhere could also occur
where L. higginsii is present. '
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This lack of information and documentation is itself the most significant water-quality related
threat to L. higginsii. Undocumented harm may be occurring because of the limited availability of
data assessing the significance of specific water and sediment quality parameters in relation to life
cycle requirements of the species. Data gaps identified in the Water Quality section of this -
document include the unknown relative susceptibilities of the different life stages to contaminants,
as well as the need for comparative data on the different modes of potential contaminant uptake
(food sources, surface water, pore water, sediments). Related water quality information at areas
designated as, or considered for, L. higginsii Essential Habitat Area can then be better evaluated
to more effectively manage the recovery of the species. Additional information is also needed to
improve laboratory culture and toxicity study requirements for freshwater mussels, thereby
facilitating the documentation and use of toxicity data for L. higginsii.

Water quality parameters identified to potentially affect L. higginsii include un-ionized ammonia, -
select metals, and possibly some organic compounds. Although these contaminants may exist at
varying concentrations throughout the UMR, the species' preferred habitat (coarser substrates in
main channel and channel borders) generally would not contain toxic concentrations of these
contaminants in finer substrates of depositional areas, thereby offsetting much of the potential
threat. Consequently, environmental perturbations resulting from episodic events are probably the
most likely water quality factors to affect the recovery of L. higginsii. Such events may include
spills of oil or hazardous materials, seasonal-runoff or "flushing" of contaminants into river
systems, and water development projects unintentionally releasing contaminants from previously
deposited sediments. The relative immobility of mussels, combined with the potentially high
toxicity associated with such releases, increases the significance of these types of threats to L.
higginsii. '

Both point source discharges and non-point-runoff represent continuing threats to the species.
Without the referenced toxicity data, however, it is unknown what water quality criteria or
guidelines for specific contaminant or pollutant levels are necessary to protect L. higginsii in areas
influenced by permitted point-source discharges. Low flow river conditions may result in
increased concentrations of contaminants and thus increase impacts to the species from
compounds such as un-ionized ammonia associated with fine sediments.

Commercial Harvest (sée Tasks under 1.7 in the étep-dowh outline) | y

The commercial harvest of mussels in the Upper Mississippi River peaked during the pearl button
period of the 1920s and later during the cultured pearl era in the late-1980s and early 1990s (Thiel
and Fritz 1993). The five Upper MlSS]SS]ppl River States (Iowa, lllinois, Minnesota, Missouri and
Wisconsin) have regulated mussel harvest since the latter portion of the pearl button era in the late
. 1930s (Waters 1980) and are continuing to revise the regulations to strive for uniformity among
the states and to reflect present-day blologlcal data and concerns.

No commerc1al harvest is presently allowed in the Wnsconsm and St. Croix Rivers or at the Sylvan
Slough refuge on the Mississippi River. There is concern, however, over potential illegal harvest
in these areas. Officials indicate that mussel poaching in other areas of the U.S. is an increasing
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problem (Luoma 1997). Gary Jagodzirlski (USFWS, pers.'éomm.) has indicated that at least 100
cases of illegal take, record keeping and sales violations were made in Wisconsin during 1996 in-

' the Mississippi River or other inland waters. Most violations-were for record keeping violations

or illegal take such as undersized or prohibited species. Increased enforcement activities at sites
,in the Wisconsin and St. Croix Rivers and at the Sylvan Slough refuge on the Mississippi River is
recommended. In other Essentlal Habitat Areas, the recovery team recommends that harvest be -
eliminated. : S

There are few documented reports of commercial clammers taking L. higginsii, but impacts to
associated species have been documented. Other than harvest activities such as brailing that may .
have influenced the entire mussel community, little is known regarding the direct impacts of
commercial harvest on L. higginsii. Mathiak (1979), based on observations he made at a
commercial clamming operation, concluded that hundreds of L. higginsii had probably been
“harvested in 1975 before the species was placed on the list of Threatened and Endangered
Species. Although there may be little or no available data to support the contention that
commercial clamming is specifically harmful to L. higginsii populations, it is reasonable to
‘conclude that clamming could threaten the species in Essential Habitat Areas. Hart (1999), for
example, found that commercial harvest depressed threeridge (4mblema plicata) populations in

- Lake Pepin in the early 1990's. He found that if harvest exceeded “5% of the population orif D.

polymorpha infestations continue at the current rate” threeridge populations were in danger of
local extinctions. Threeridge is one of four species that is common at all known L. higginsii sites
(Heath 1995). Although it is distinct morphologically from L. higginsii, it is reasonable to assume
that clammers in pursuit of A. plicata or other species would inadvertently collect or harm L.
higginsii.

Conservation Measures

There were four recommendations for immediate action in the initial Higgins Eye Pearlymussel
Recovery Plan. In this section we review the progress that has been made on these
recommendations and other actions that have been taken to conserve the species.

The following were recommendations for immediate action:

1. Conduct ten-year field studies in Essential Habitat Areas (with initial emphasis on the
Prairie du Chien site) to determine the status of each population and its habitat.

2. Develop relocation (translbcation) techniques for Higgins Eye Pearlymussels.
3. Develop artificial propagation techniques. This should include a thorough literature
review, development of methodology, testing of methodology on closely related, non-

endangered species, propagation of Higgins Eye Pearlymussels, and determmatlon of
suitable stockmg sntes
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4. Develop uniform regulations concerning clam harvesting methods that would best
manage and protect the resource. These regulations should be developed cooperatively by
the states, the USFWS, and commercial clammers. Two specific items that should be
included in the development of these regulations are:

a. Policies restricting dredging as a method of commercial harvesting clams
on the Mississippi River, and

b. A study to determine the potential beneficial and/or detrimental effects of
brailing on mussel beds, relative to other harvesting methods (such as

diving), with subsequent appropriate regulation.

Ten-Year Field Studies in Essential Habitat Areas

There have been a number of studies of L. higginsii since the initial recovery plan was written
(Table 6 - Cawley 1996 - see Section 1V). Only studies by Miller and Payne (1991, 1992, 1993,
1994, 1995a, 1995b, 1996a, 1997) and Heath (1995, 2002) have chronicled the change in mussel
communities over a ten-year period. Their work was conducted at the Prairie du Chien (Miller
and Payne) and Orion (Heath) Essential Habitat Areas, respectively.

Development of Relocation (Translocation) Techniques

As stated by Waller ef al. (1995), “State and Federal agencies are actively conducting ...
relocation operations in an effort to preserve the remaining unionid fauna. Information of
threshold and tolerance limits of different mussel species to collection and handling conditions is
especially critical at this time for planning management and conservation activities for unionid
mussels.” Although they did not specifically examine L. higginsii, they conclude that with proper
precautions, handling and exposure associated with relocation efforts should not cause significant
levels of mortality in unionid mussels.

A number of relocations of L. higginsii have occurred since the initial recovery plan was
developed. Before 2000 these relocations were usually associated with construction projects and
were not designed to examine the effects of relocation methods on the mussels. However, one
relocation project at the 1-94 bridge over the St. Croix River included a monitoring program
designed specifically to examine the effects of handling, placement methods, and buffer zones on
the survivorship of relocated mussels (Dunn 1996a, 1996b).

Oblad (1980) discussed a relocation experiment with L. higginsii at Sylvan Slough, one of the
Essential Habitat Area Sites designated in the initial Recovery Plan (Table 6 - see Section 1V).
Three L. higginsii were collected from mid-channel and were relocated nearby. A year following
the relocation all three L. hzggmsn were recovered

[

The US nghway ]0 brrdge over the St. Cr01x River near Prescott Wlsconsm was replaced in

~ 1988 and mussels were transplanted to a region upstream of the project (Heath 1989). Nearly
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8000 mussels were transplanted including 42 L. higginsii. A large number of the mussels from
this relocation died, including greater than 30 L. higginsii, possibly because the relocation took
place when air and water temperatures were too low and because the mussels may have been
~harmed by a water surface oil sheen they were exposed to during the relocation effort (Paul
Burke, USFWS, pers. comm.). However, when Hornbach et al. (1995), sampled the relocation
bed in 1994, seven L. higginsii relocated in the 1988 project were found. Some of these
specimens had experienced measurable growth, and all appeared to be in good condition.

The 1-94 bridge over the St. Croix River at Hudson, Wisconsin, has been replaced. This project
over the St. Croix River required the relocation of 9,042 mussels in 1994 (Dunn 1996a) and
14,043 mussels in 1995 (Dunn 1996b). A total of 43 L. higginsii were moved in 1994 and 36
were moved in 1995. A two-year monitoring program was developed for each year to (1)
evaluate overall mussel survival, (2) growth and survival of endangered species, including L.
higginsii, (3) handling methods, (4) placement methods, and (5) buffer zone size. At each
relocation phase, mortality was assessed at one month, one year and two years after relocation.
Results of two years of monitoring of the 1994 relocation yielded one dead L. higginsii and an
average increase in shell length for 35 L. higginsii of 4.2 mm (Dunn 1996a). Results of one year
of monitoring of the 1995 relocation also yielded only one dead L. higginsii; average shell length
had increased 1.3 mm (Dunn 1996b). Results'of monitoring the general population and
experimental subsamples will be used to develop guidelines for future relocation projects.

In 1996, an in-situ relocation project was begun in the St. Croix River (D. Waller, pers. comm.).
This project involves the refinement of protocols for relocating mussels to in-situ refugia from

- zebra mussels and to assess the suitability of potential refugia for mussels in the St. Croix River.
One hundred L. higginsii mussels were relocated from the St. Croix River at Hudson, Wisconsin,
upstream to a site near Franconia, Minnesota. Mussels will be monitored for a minimum of two
years to evaluate growth and survival at the refugium site relative to those at the source site.

In 2000, state and federal agencies markedly increased their attempts to relocate L. higginsii to
reduce their exposure to zebra mussels. As stated above, the USFWS issued a Biological Opinion
to the Corps’ on May 15, 2000 that required the Corps to (1) conduct a Higgins eye relocation
feasibility analysis and (2) prepare a Higgins eye Pearlymussel Relocation Plan. As a result, the
Corps drafted seven interim and long-term objectives to conserve Higgins eye associated with the
continued operation and maintenance of a nine-foot navigation channel in the Upper Mississippi
River. One of these objectives is to “Establish a minimum of five new and viable populations of
Higgins eye in the UMRS and/or tributaries un-infested or with low level infestations of zebra
mussels.” Work toward this objective has resulted in several relocation attempts (Table 1) and
“additional attempts are likely to continue for several more years. Of the 63 L. higginsii recovered
in 2002 at the Hidden Falls (Pool 2) and Hastings (Pool 3) adult relocation sites (59 females, 4
males), only one was found dead, although several had abnormal growth patterns exhibited by

"exaggerated growth arrest lines and in-turning along the ventral margin of the shell" (Davis
2003). These mussels appear to have resumed normal growth patterns in 2003 (M Davis, pers.
comm. 2003) ,
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Development of Artificial Propagation Techniques

The recent and severe infestation of the Upper Mississippi River and several tributaries by zebra
mussels has significantly raised the importance of the development of artificial propagation
techniques for the conservation of L. higginsii. Before 2000, workers had explored a variety of
techniques for propagating this and other mussel species, including the use of artificial media.
Since 2000, however, propagation has mostly focused on the artificial infestation and release of
fish into areas where zebra mussels are not an imminent threat. '

Waller and Kammer (1985) indicated that a surrogate for L. higginsii (L. cardium) could
artificially infect largemouth bass and walleye. They compared the propagation of L. higginsii
glochidia in an artificial medium with the use of infested fish in the laboratory (Holland-Bartels
and Waller 1988). They were able to successfully transform glochidia with the artificial medium
and by infesting fish. Waller and Kammer (1985) indicated that both techniques have potential
use for the production of juvenile mussels. Welke et al. (2000) used similar techniques to
artificially infest largemouth bass and walleye with L. higginsii glochidia. Results from the
walleye treatment were confounded after an ectoparasitic infection resulted in total fish mortality, -
but some juvenile mussels successfully excysted from walleye gill tissue incubated in a separate
water system and from largemouth bass. Further work on congeners of L. higginsii by Holland-
Bartels and Zigler (1990) showed that nutritional requirements appeared to be a factor limiting
successful laboratory culture of glochidia. They used a combined laboratory/field culture
approach to bypass this area of difficulty by infesting fish in the laboratory and then stocking them
in the field in floating cages just before metamorphosis. Gordon (2001, 2002) has found greater
transformation success with centrarchids (e.g., smallmouth bass) than with percids (walleye) at
Genoa National Fish Hatchery. A number of other studies have examined artificial propagation
techniques in other species of freshwater mussels (Watters 1994b; Beaty and Neves 1996;
Gatenby et al. 1997; O'Beimn et al. 1998; and references therein). :

As with adult translocation, artificial propagation of Higgins eye has increased greatly since the

- issuance of the Biological Opinion to the Corps in 2000 (see above). Biologists have collected
gravid Higgins eye from several locations each year between 2000-2002, taken them to Genoa
National Fish Hatchery (Hatchery), and infested fish using the methods described by Welke et al.
(2000). In May 2002, workers infested 7466 fish (largemouth bass, smallmouth bass, and
walleye) with Higgins eye glochidia at the Hatchery. A portion of the fish was retained at the
Hatchery to refine techniques for producing juvenile Higgins eye, but most were kept in the
Hatchery for about three weeks before being sent to release sites. At these sites, workers simply
released the fish to swim freely or confined them in cages secured to the river bottom (Table 1).
Cages facilitate monitoring of transformation success and, in some cases, are used to grow
juvenile Higgins eye for release elsewhere (M. Davis, pers. comm. 2002).. Fish are released from
cages after glochidia have excysted. . : : NG

Biologists haVe exhibited s;igniﬁéan‘t_rhsuccess in éultﬁring-Higgins eye éince 12(_)00. Juvenile Higgins
eye (i.e., less than < 30 mm) have been identified in or beneath several cages containing infested
largemouth bass, smallmouth bass, and walleye and as of January 2004, there were several
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thousand juvenile Higgins eye in cages awaiting release at reintroduction or augmentation sites.
Confirmation of success (i.e., transformation of glochidia to independent juveniles) or failure of
the caged fish releases is not always possible and a few attempts were likely complete failures due
to excessive sed:mentatlon There are no data yet to evaluate the success of the free sw1mm1ng
fish releases.

Biologists involved in propagation of Higgins eye continue to refine propagation and release
techniques (Gordon 2002). Pre-release mortality of infested fish has been significant (e.g., >20%)
in some cases and may be exacerbated by the stress of the mussel infestation process (Gordon
2002). Gordon (2002) counted the number of glochidia and number of juveniles that transformed
from a subset of the fish that were inoculated in 2002. Number of glochidia per fish ranged from
146-283 and transformation to the independent juvenile stage in the Hatchery was 38-47%.
Assuming that the percent transformation is similar in released fish, a cage of 100 infested fish

' may produce approximately 4000 juvenile Higgins eye. ‘Attempts to support the transformation

and initial growth of juveniles in the hatchery have been hampered by fish mortality, introduction
of mussel predators into the culture facilities, and power failures (Gordon'2001, 2002). _
Nevertheless, approximately 8000 juvenile L. higginsii have been released in four separate events
since 2000 and, as stated above, several thousand are now in cages in the St. Cronx and
M1ssnssrpp1 Rivers and available for remtroductlon

Development of Umform Regulations Concerning Clam Harvesting Methods

Sparks and Blodgett (1983) conducted a study to examine the effects of three types of mussel
harvest methods: crowfoot bar (brail), basket dredge and diver. They indicated that crowfoot bar
and diving resulted in less dislodgement and damage than the basket dredge. Based on their work
they supported Illinois’ prohibition of basket dredges and recommended that hand dredges also be
banned. They indicated that diving appeared to be the least harmful and most selective method
for harvesting mussels and that the crowfoot bar should be retained as a legal dev1ce because it

- appeared to be fairly non-destructlve and was safer than diving.

Thiel and Fritz (1993) have reviewed the hxstory of mussel harvest and regulation in the UMR.
They indicated that there has been significant improvement in the coordination among the states
of the Upper Mississippi River regarding mussel harvest. The main results of the improved
coordination are restricted seasons for harvest, size limits for harvest, and the requirement for
permit or license in each state. Prime among these are restricted seasons for harvest in each state.
Thiel and Fritz (1993) did not comment on the impact of improved harvest regulations on the
viability of L. higginsii populations. They did indicate that harvest impact has been great on the
washboard (Megalonaias nervosa), and that catch-per-unit-effort has declined since 1990,
partially due to the increase in the minimum size limits for live washboards put in place in 1990.
This decrease in catch-per-unit-effort has led to an increase in price. They also indicated that
slow-growing washboard populations may no longer be able to keep up with the harvest pressure
and concluded that there must be sound scientific management of this resource.

3t



In 1996, the Upper Mississippi River Conservation Committee (UMRCC) Executive Board
approved a set of proposed mussel regulations developed by the Fisheries Technical Section’s ad
hoc mussel committee (P. Thiel, pers. comm. 1996). The recommendations were crafted in
cooperation with representatives of the Shell Exporters of America, Inc. The goals of the
proposed regulation are to; 1) move toward standardizing mussel harvest regulations among the
five UMRCC states, 2) close loopholes which make enforcement of existing regulations difficult,
and 3) protect popu]atlons of species, such as washboard, Megalonaias nervosa, from
overharvest, with a long-term purpose of sustained harvest of freshwater mussels in the Upper
MlSSlSSlppl River. The proposed regulations address eleven different topics, including season,
gear, size limit, license fees, and reporting, and are being routed through each UMRCC member
state’s natural resource agency for consideration and potential rule-making.

Summary of Current State Mussel Harvest Regulations in the Range of Higgins Eye

Towa —In lowa holders of commercial mussel licenses, residents or nonresidents, may take
mussels for sale from April 1 to August 31 in the Mississippi River and connected backwaters by
hand, diving, or crowfoot bar. lowa license holders may take six species of mussels: “three-ridge,
mapleleaf, pimpleback, pigtoe, hickory nut, and pink heelsplitter.” Although several species are
commonly referred to as “pigtoe”, only the Wabash pigtoe (Fusconaia flava) occurs in lowa.
Two species found in lowa are referred to commonly as “pimpleback”, Quadrula nodulata and Q.
pustulosa. chkory-nut (Obovaria olivaria) is similar in appearance to Higgins eye, whereas the
other species that may be commercially taken in lowa are noticeably different in appearance.
Holders of sport fishing licenses may take mussels throughout the year in the Mississippi River
and connected backwaters and may possess up to 24 whole mussels or 48 shell halves; mussels
listed by lowa as threatened or endangered may not be taken. -

Illinois — 1n Ilinois holders of commerc:al mussel licenses, residents or nonresidents, may take
mussels for sale from April 1 to August 31 in the Mississippi River by hand, diving, or crowfoot
bar. Illinois license holders may take only “threeridge, mapleleaf, pimpleback, monkeyface,
wartyback, pigtoe, pocketbook, hickory nut, and pink heelsplitter.” Although several species are
commonly referred to as “pigtoe”, only the Wabash pigtoe (Fusconaia flava) occurs in the
Mississippi River in lllinois. Q. nodulata and Q. pustulosa are both referred to commonly as
“wartyback” and “plmpleback ” Of the species referred to commonly as “pocketbook” only the
plain pocketbook (Lampsilis cardium) may be legally collected in IHlinois; the fat pocketbook
(Potamilus capax) is also called “pocketbook”, but is listed as endangered by the 1llinois
Endangered Species Protection Board .and under the federal Endangered Species Act. Both fat
pocketbook and hickory-nut (Obovaria olivaria) are similar in appearance to Higgins eye,
whereas the other species that may be commercially taken in Iilinois are noticeably different in
appearance. lllinois prohibits commercial mussel harvest in several sanctuaries. Only one
includes an Essential Habitat Area identified in this plan -- the sanctuary that extends from RM
485.8 to RM 482.6 includes all but the upper 0.2 River Miles of the Sylvan Slough EHA (Fig.
11). The second EHA in Illinois 1dent1f ed in this plan at Cordova, IL is not protected as an ,
1linois mussel sanctuary. A portion of this EHA lies within Upper Mississippi National Fish and
Wildlife Refuge waters (Fig. 10). All of Mark Twain National Fish and Wildlife Refuge waters
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are protected as Hlinois mussel sanctuaries, but Upper Mississippi National F xsh and Wildlife
Refuge waters are not.

Minnesota — In Minnesota, only residents possessmg a valid anglmg license may apply for a
commercial mussel permit. A person may not take, possess, buy, sell, or transport live mussels or
more than 24 dead whole shells or 48 dead shell halves without a commercial mussel permit.
Commercial permittees may take mussels for sale from May 16 through August 31 only by hand,
with or without SCUBA. Harvest sites must be specified in the commercial permit application
and in the permit. Only three-ridge mussels (4mblema plicata) greater than 3 inches in diameter
at the narrowest point may be taken commercially. Additional species may be taken by special
permit. Minnesota prohibits commercial mussel harvest within 1000’ downstream of dams. A
commercial permit can only be issued if it is first determined that harvest will not be detrimental to
the species being harvested. If any of the state’s twenty endangered or threatened species of
mussels “...are found within the harvest site, all harvest operations must immediately stop.”
Persons possessmg an angling license may take (by hand only) and possess up to 24 whole shells
or 48 shell halves of dead mussels that are not endangered or threatened

Wisconsin — In Wisconsin, holders of commercial mussel licenses may take mussels for sale from
April 1 to August 31 in the Mississippi River and connected backwaters “by hand when you are
diving or wading; or by using crow-foot bars.” Only residents of Wisconsin may hold commercial
clamming licenses. Three-ridge, mapleleaf, pimpleback, and pigtoe may be commercially
harvested. Although several species are commonly referred to as “pigtoe”, only the Wabash
pigtoe and round pigtoe (Pleurobema coccineum) occur in Wisconsin. Two species found in
Wisconsin are referred to commonly as “pimpleback”, Quadrula nodulata and Q. pustulosa.
None of these species are likely to be confused with Higgins eye. Wisconsin prohibits commercial
mussel harvest in the St. Croix River, but allows “pearl hunting” and “personal clamming.” on all
public Wisconsin waters. For pear] hunting,; it is legal to open mussels to hunt for pearls, but you
may not open more than 50 pounds of mussels a day or sell or barter any pearls you find unless
you hold a commercial clam shelter's license and comply with commercial clamming regulations.
Under Wisconsin's clamming law, anyone who takes, possesses or transports 50 or fewer pounds
of mussels a day and who does not sell or barter any clams is considered a non-commercial
Clammers and does not need to obtain a license or permit. Under current rules, non-commercial
clammers may take any clam species (except state-listed threatened or endangered species,
including Higgins eye) of any size throughout the year in any waters of the state. Personal ‘
clammers may take clams by hand while wading or diving or by using up to three crowfoot bars,
each measuring no more than 20 feet long: Only one boat may be used for brallmg (collectmg
clams w1th a crowfoot bar). :

St. Croix River National Scenic Riverway — Minnesota/Wisconsin — In addition to the state rules -
summarized above, the St. Croix River National Scenic Riverway (Riverway) in Minnesota and
Wisconsin prohibits the gathering and use of all live and dead mussels and empty mussel shells.
The Riverway mcludes the three Essential Habitat Areas at Franconia, MN, Hudson WI, and
Prescott WL
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II. RECOVERY
Recovery Strafegy

This revised recovery plan adopts the approach of the previous recovery plan for L. higginsii by
focusing recovery on the conservation of the species at identified Essential Habitat Areas. In the
1983 recovery plan, Essential Habitat Areas were specific areas throughout the historical range of
L. higginsii that supported dense and diverse mussel beds where L. higginsii was successfully
reproducing. This revised recovery plan identifies three additional “Essential Habitat Areas”
(EHA) (Orion, W1, Prescott, W1, and Interstate Park, MN/W1), but also outlines specific criteria
for evaluating additional areas for this designation and for when any EHA would provide the basis
for reclassification and delisting decisions. The plan recommends the development of a uniform
protocol for collecting information on populations of L. higginsii. Use of this protocol will allow
for ongoing evaluation of the list of Essential Habitat Areas and of progress towards recovery.

The highest priority recovery actions for L. higginsii are primarily intended to address the severe
impacts and threats posed by zebra mussels. Of the ten Essential Habitat Areas designated in this
revised plan, zebra mussels have had severe impacts on the mussel communities at Harpers
Slough, Prairie du Chien, and Cordova and are imminent threats at the Prescott, and Hudson, WI
areas. The Prairie du Chien Essential Habitat Area, for example, may have contained the largest
population of L. higginsii before its severe infestation by zebra mussels, but Miller and Payne
(2001) found nearly 10,000 zebra mussels/m’ in this area in 2000.

The removal of zebra mussels in a manner and scale necessary to benefit L. higginsii is evidently
not currently feasible. Therefore, the plan focuses on developing methods to prevent new
infestations, monitoring zebra mussels at Essential Habitat Areas, and developing and
implementing contingency plans to alleviate impacts to infested populations.* Based on recent
activities, the latter may consist largely of removing L. higginsii from areas where zebra mussels
pose an imminent risk to the persistence of the population and releasing them into suitable habitats
within their historical range where zebra mussels are not an imminent threat. Within the last two
years, workers have removed 471 adult L. higginsii from areas near Cassville, Wl and Cordova,
IL on the Upper Mississippi River and relocated them into Pools 2 and 3 near Minneapolis, MN
and Hastings, MN, respectively (Table 1). Cleaning fouled adults in situ and artificial propagation
and release (Table 1) are also currently being 1mplemented in an attempt to offset the effects of
zebra mussels on the conservatlon of L. hlggmsu .

Although zebra mussels are currently t_he most important threat to L. higginsii, construction
activities and environmental contaminants may also pose significant threats. Therefore, the Corps
and other agencies must continue to assess and limit the potential impacts of their actions on the
species. The plan also outlines tasks needed to improve our understanding of the potential
importance that contaminants play in the conservation of L. higginsii and calls on the U.S. Coast
Guard, Environmental Protection Agency, and other agencies, to take actions to minimize the
potential impacts of toxic spills. - -
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Interagency partnerships will be key to the recovery of L. higginsii. In addition to the USFWS,
the Implementation Table identifies five other federal agencies and four states as being responsible
for various aspects of the recovery of the species. The U.S. Army Corps of Engineers, for
example, is called on to implement several of the tasks. The Corps’ implementation of the 2000
Biological Opinion on continued operation and maintenance and operation of the 9-foot
navigation channel has resulted in the formation of the Mussel Coordination Team (MCT). This
MCT has assisted the Corps in the implementation of extensive relocation and reintroduction of L.
higginsii since 2000 (Table 1). These activities, although necessary to avoid jeopardizing the
species, are leading to the development and ref nement of techmques for propagatmg L. hlggmsn
and other mussel species. :

Recovery Goals and Recovery Criteria

The goal of the recovery plan is the recovery of Higgins eye to levels where its protection under
the Act is no longer necessary and it may be removed from the Federal list of Endangered and
Threatened Wildlife (50 CFR 17.11). This plan also contains an mtermedlate goa] of reclassniymg
the specres from Endangered to Threatened. ‘

Essential Habitat Areas

Essential Habitat Areas used to support the reclassification or dellstmg of L. higginsii (see be]ow)
must meet the following criteria.

1. L. higginsii constitute at least 0.25% of the mussel community and the mussel habitat
appears to be stable and supports a dense and diverse mussel community; or, '

2. L. higginsii are found, but constitute <0.25% of the community, the mussel habitat
appears to be stable and supports a dense and diverse mussel community, and zebra
mussel densities are < 0.5/m’. )

For each definition, “dense and diverse” mussel communities are those that:

. include a total mussel den51ty of > 10/m’ (MlSSlSSlppl River) or > 2/m? (other

rivers); and,
. contain at least 15 other mussel species, each at densities greater than 0.01
individual/m’.

Intermediate Goal (Reclassification of Lampsilis higginsii to Threatened Status)
Criteria for Intermediate Goal (Goal 1: Reclassification)

1. Lampsilis higginsii may be considered for reclassification from Ehdangered to Threatened
when at least five identified Essential Habitat Areas contain reproducing, self-sustaining

populations of L. higginsii that are not threatened by zebra mussels. The five Essential
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Habitat Areas must meet the abpve criteria and must include the Prairie du Chien Essential
Habitat Area and at least one Essential Habitat Area each in the St. Croix River and in
Mississippi River Pool 14.

a. L. higginsii populations will be considered to be “reproducing” if there is evidence
that they include a sufficient number of strong juvenile year classes.’

b. Populations will be considered to be “self-sustaining” if they have maintained
stable or increasing population densities for at least twenty years.* L. higginsii
populations will be considered stable or increasing if:

i total mussel density in each of the identified Essential Habitat Areas is
stable or increasing for at least twenty years (significance level (o) <0.2
and power 20.9);
ii. and, in each of the identified Essential Habitat Areas L. higginsii comprises

at least 0.25% of the mussel community in Mississippi River sites or, in
other rivers, are consistently present throughout the twenty year period.

‘"ﬂ,)e Service will devélop standardized sampling protocols (Task 1.2.1) to
evaluate the status of populations relative to these criteria.

c. This criterion will be met if zebra mussels are not present in locations where they
or their offspring are likely to adversely affect L. higginsii populations in any of
the five identified Essential Habitat Areas. The Service will make this

- determination by evaluating zebra mussel densities in the source areas and
identified Essential Habitat Areas, the distances between the zebra mussel
populations and identified Essential Habitat Areas, water velocities, larval
development times, and any other relevant. information.

2. Complete the following tasks to determine if water quality criteria for the Final Goal
(Delisting) are necessary to ensure the conservation of L. htggmsn and, if so, to develop
measurable water quality criteria for Goal 2. . '

a. Devélop a freshwater mussél tokicity database for sediment and water quality
- parameters to define L. higginsii habitat quality goals. (7 sub-tasks)

'b.  Characterize speciﬁc sediment and water quality parameters in L. higginsii
Essential Habitat Areas and reestablishment areas. (1 sub-task) .

? Task 1.2.2 details the questions that the Service must answer to determine the number of strong
juvenile year classes sufficient to allow for stable or increasing populations of L. higginsii.

* For all analyses of trends use a significance level (o) <0.2 and power 20.9.
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3.

Harvest of freshwater mussels is prohibited by law or regulation in Essential Habitat

Areas. This applies to all Essential Habitat Areas, not just the five identified for criterion
| 8 '

Final Goal (Delisting)

1.

Delisting L. higginsii requires that populations of L. higginsii in at least five Essential
Habitat Areas are reproducing, self-sustaining, not threatened by zebra mussels, and are

_sufficiently secure to assure long-term viability of the species. The five Essential Habitat

Areas must meet the above criteria and must include the Prairie du Chien Essential Habitat

“Area and at least one Essential Habitat Area each in the St.-Croix River and in Mississippi

River Pool 14. "Reproducing” and “self-sustaining” are defined above under the

-Intermediate Goal (Reclassification).

Populations at the identified Essential Habitat Areas will be “sufficiently secure to assure

long-term viability of the species” if each-of the following four conditions is met:

a.

The Service can identify no activities that are likely to take place in the foreseeable
future that will result in a change in the predominant substrate conditions within
each identified Essential Habitat Area to shifting, unstable sands, silt, cobble,
boulder, or artificial substrates (e.g., concrete) to the extent that such changes
would appreciably reduce the likelthood of conservmg the Higgins eye population
in the Essentlal Habltat Area.

The Service can identify no activities that are likely to take place in the foreseeable
future that will result in water quality characteristics (e.g., harmful concentrations
of un-ionized ammonia) in Essential Habitat Areas that have been shown to cause
detrimental effects to L. higginsii or to sympatric or surrogate species to the
extent that such effects would appreciably reduce the likelihood of conserving the
Higgins eye population in the Essential Habitat Area.

There is no indication that construction of barge loading or off-loading sites, boat
harbors, highway bridges, or fleeting areas or dredging of access channels is likely
to occur in the foreseeable future within the identified Essential Habitat Areas to
the extent that such activities would appreciably reduce the likelihood of
conserving the Higgins eye population in the Essential Habitat Area.

Measures that provide for review of federally funded, permitted, or planned
activities in or near L. higginsii habitat pursuant to the Fish and Wildlife

Coordination Act and Clean Water Act are in place.

This criterion will be met if zebra musseis are not present in locations where they
or their offspring are likely to adversely affect L. higginsii populations in any of
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the five identified Essential Habitat Areas. The Service will make this
determination by evaluating zebra mussel densities in the source areas and
identified Essential Habitat Areas, the distances between the zebra mussel
populations and identified Essential Habitat Areas, water velocities, larval
development times, and any other relevant information.

The use of double hull barges or other actions have alleviated the threat of spills to each of
the identified Essential Habitat Areas. :

L. higginsii habitat information and protective responses to conserve each of the identified
Essential Habitat Areas have been incorporated into all applicable spill contingency
planning efforts.

. Water qua{lity criteria may be added to the criteria for the Final Goal (Delisting) upon

completion of the tasks referred to under the Criteria for the Intermediate Goal
(Reclassification) (see 2a-b above and Tasks 1.5.1 and 1.5.2).
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‘Narrative Outline for Recovery Activities

Preserve L. higginsii and its Essential Habitat Areas.

1.1

1.2

1.3

Assess and limit lmpact of the zebra mussel Dretssena polymorpha, on L.
htggmsu

1.1.1

1.1.2

1.1.3

Develop strategies to prevent zebra mussel infestation.’

Monitor zebra mussel populatlons at Essential Habltat Areas that are
currently infested. : :

Develop and implement a response plan for L. htggmsu in Essentlal

B Habltat Areas

: Develop uniform protocols for collecting and maintaining‘information on L.

higginsii popu'lations.

1.2.1

1.2.2

1.2.3

1.24

Develop a uniform protocol for collecting mformatlon for populatlons
of L. higginsii.

Answer the following three questions to facilitate the implementation
of this recovery plan:

1. What would constitute sufficient evidence of a strong
juvenile year class of L. higginsii?

2. What methods should be used to evaluate the strength of
juvenile year classes of L. higginsii?

3. How many strong juvenile year classes should be detected to
determine that reproduction is sufficient to allow for stable or
growing populations of L. higginsii?

Develop a central database of information based on the protocol
developed in task 1.2.1.

Develop and implement a long-term monitoring plan at Essentlal
Habitat Areas.

Maintain a list and an ongoing evaluation of Essential Habitat Areas.

1.3.1

Evaluate the ten Essential Habitat Areas recommended in this plan
based on the best available information.
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132

1.3.3

134

135

1.3.6

Essential Habitat Areas are areas that are of utmost importance to the
conservation of L. higginsii. Maintain an ongoing evaluation of each of the
ten recommended Essential Habitat Areas based on the best available
scientific information. Key factors to assess and monitor include native
mussel density and diversity, the geographic extent of the Essential Habitat,
and threats, such as zebra mussels.

Identify new Essential Habitat Areas.
In addition to the four specific areas discussed below, the Service and its
partners will use the guidelines in this plan to assess other areas that may

contain the features that indicate that they are of utmost importance for the
conservatlon of Higgins eye.

1.3.2.1 Survey Pool 10 to determine whether additional Essential
~ Habitat Areas may be identified in this pool.

1.3. 2 2 Examine a site near river mile 454, Muscatine, Iowa, for
inclusion as an Essentlal Habitat Area.

1.3.2.3 Examine a site near river mile 556.4, Bellevue, Iowa, for
inclusion as an Essential Habitat Area.

1.3.2.4 Examine shallow .shoreline habitats in Pool 14 to determine if
these habitats may currently support significant unknown
populations of L. higginsii.

Estimate population size in Essential Habitat Areas.

Estimate recruitment in Essential Habitat Areas.

‘Estimate the existing genetic Variability of the populations in Essential

Habitat Areas.

' _ Conduct genetic studies on the populations of L. higginsii in Essential

Habitat Areas to assess the number of populations needed to ensure the

‘maintenance of the species’ genetic diversity.

Maintain an up-to-date list of Essential Habitat Areas and the

~supporting data for each at the Service’s Twin Cities Field Office and

make this information, or a summary thereof available through the

_internet.
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1.5

Limit construction in areas of essential L. higginsii habitat. Mitigation,

including translocatmn, may be an acceptable altematlve in limited

instances.

1 4 1 Determme the potentlal lmpact of constructmn prolects on Essential
Habltat Areas. ~

1.4.2 Determine alternatives to harmful construction practices.
Ensure that water development projects are designed and reviewed
to minimize the potential for resuspension of contaminated

sediments in the vicinities of L. higginsii Essential Habitat Areas.

1.4.3 Continue indnitoring the impaets of commercial navigation activities
on Essential Habitat Areas. -

Continue to examine the relationship between water quality, especially
contaminants, and L. higginsii populations in Essential Habitat Areas.

To most effectively address water quality threats discussed in this document, it is

. recommended that priority be given to filling data gaps identified under Water

Quality. As L. higginsii toxicity data becomes more available, the relative degree
of other water quality-related threats may be better evaluated. In summary, there

is need to (1) obtain information on the water and sediment quality requirements of
the various life history stages of L. higginsii, and (2) take concurrent actions to
prevent acute and chronic point and non-point source contamination that is
reasonably presumed harmful to the species.

1.5.1 Develop a freshwater mussel toxicity database for sediment and water
quality parameters to define L. higginsii habitat quality goals.

1.5.1.1 Identify suitable surrogate specles for L. htggmsn for use in
laboratory tox:cnty tests.

1.5.1.2 Determine necessary handling pretocols and culturing
requirements of each life history stage to be tested.

1.5.1.3 Document existing toxicity data (including test type) avallable
for the species and/or its surrogates

1.5.1.4 Identify inorganic and organic contaminant compounds and '
mixtures present in L. higginsii Essential Habitat Areas. Use
these data to determine realistic ranges of envnronmental
" concentrations for use in laboratory exposures.
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Report pH, temperature, and hardness associated with data
collected in L. higginsii Essential Habitat Areas to allow for a
~ robust comparison to existing or proposed water quality criteria.

1.5.1.5 Design and complete acute and chronic laboratory toxicity
tests based on Tasks 1.5.1.1 through 1.5.1.4. Include
glochidium, juvenile, and adult life stages.

Determine effects of organic and inorganic environmental
contaminants identified under 1.5.1.4.

1.5.1.6 Document the exposure pathways and various modes of
contaminant uptake for L. higginsii (or suitable surrogate
species), emphasizing the relative significance of uptake from
food sources, surface water, pore water, and sediments.

1.5.1.7 Determine the biological effects and significance of
contaminant residues documented in mussel tissues.

1.5.2 Characterize specific sediment and water quality parameters in L.
higginsii Essential Habitat Areas and reestablishment areas.

1.5.2.1 Collect sediment and pore water from areas identified as
currently supporting viable L. higginsii populations and
proposed reestablishment areas; analyze for a range of organic
~and inorganic contaminants.

- This is especially important in the Sylvan Slough area of Upper
Mississippi River Pool 15, where the potential for PCBs in
sediments to adversely affect benthic biota has been identified.
Report pH, temperature, and hardness for water collected in

- Essential Habitat Areas and reestablishment areas to allow for a
robust comparison to existing or proposed water quality criteria.
. This assessment may include endocrine disrupters.

1.5.2.2 Develop and implement water quality criteria that would
. conserve Higgins eye; these criteria should be directly or -
. indirectly protective of sediment and pore water quality, as
- mecessary to conserve Higgins eye.

.. 153 Pro_mbte best managément,préciices in the watersheds of L. higginsii
Essential Habitat Areas and relocation areas to minimize potential

non-point source impacts.
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1.6

- Water quality threats to L. higginsii and to future reintroduction efforts
may be reduced by ensuring that water development ptojects minimize re-

- suspension of contaminated sediments in vicinities of L. higginsii Essential
Habitat Areas and potential reestablishment areas. Best management
practices (erosion control, cropping systems, livestock waste management,
etc.) recommended and approved by the U.S. Department of Agriculture
and the U.S. Environmental Protection Agency should continue to be
encouraged in the watersheds of Essential Habitat Areas to minimize
potential run-off impacts to the species.

1.5. 3.1 Coordinate with local land use planning and technical
assistance offices to increase awareness and need to protect
water quality in L. luggmsu Essentlal Habitat Areas and
relocation areas.

Develop plans to enhance the safety of shipping toxic or hazardous materials,
reduce the introduction of these materials near L. higginsii habitat, and
develop response plans for any spills that may occur.

1.6.1 Promote the usé of double hull barges.

1 6.2 1Incorporate L. higginsii habitat information into applicable spill
contingency planning efforts; identify protective response actions
available. :

1.6.2.1 Coordinate with state and Federal natural resource trustees
responsible for spill planning and response. Identify L.
higginsii water quality requirements and Essential Habitat
Area information, as well as applicable facility, local, state,
Federal, and area spill contingency planning efforts.

1.6.2.2 Identify potential response actions that may prevent or
minimize impacts to L. higginsii (including habitat) in the
event of a spill of oil or hazardous materials. Incorporate into
applicable response plans as necessary.

1.6.2.3 Identify potential L. higginsii habitat restoration and
compensation measures that state and Federal natural resource
trustees may consider under Natural Resource Damage
Assessment responsibilities in the event of a spill of oil or
hazardous materials. Incorporate mto applicable response
plans as necessary. -
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1.7  Review current regulations of mussel harvest in the upper Mississippi River
drainage and develop additional regulations to reduce impacts on L.
higginsii.

1.7.1 Develop regulations to prevent mussel harvest in Essential Habltat
Areas.

1.7.2 Review existing harvest regulations and make recommendations to the
USFWS and the States on any regulations needed outside of Essential
Habitat Areas.

1.7.3 Enhance enforcement of existin'g harvest regulations.

1.8  Continue to develop materials to inform the public on the nature of
endangered mussels and L. higginsii, in particular.

1.8.1 Educate commercial navigation ihddétry, commercial mussel
harvesters, and state transportation agencies on the nature of

endangered mussels.

Enhance the abundance and viability of L. higginsii in areas where it currently
exists and restore populations within historic range.

2.1 = Identify and rank potential sites of existing L. higginsii populations for
enhancement.

2.1.1 Estimate the population size in non-Essential Habitat Areas.
2.1.2 Estimate recruitment in non-Essential Habitat Areas.

2.1.3 Estlmate the genetlc variability of the populatlons in non-Essential
Habxtat Areas. :

22 Increase the number of L. Iuggmsu at enhancement sites to current levels
found in Essentlal Habltat Areas or to numbers appropnate for the local
habitat.

2.2.1 Determine the best method to increase population size.

2.2.2 Utilize the best method to increase population size.

2.2.3  Assess the efficacy of the method used.
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2.3  Determine the feasibility of reestabllshmg L. higginsii into hlstonc habltats,
'partlcularly streams that are at lower nsk for zebra mussel colonization.

2.3.1 Rank historic habitats for the hkehhood of zebra mussel colonization.
2.3.2 Examine habitat suitability and fish assemblage for reintroduction.

Sediment and water quality should be characterized in areas designated for -
reestablishment; comparisons to sediment and water quality parameters in
existing L. hzggmsn habitat should provide at least a partial indication of
habltat integrity.

2.3.3 Develop a reintroduction/augmentation plan and utilize best
' method(s) of remtroductlon -

2.4  Examine the taxonomic validity of L. htggmsu especlally since L. abrupt is
o found in noncontlguous geographlc areas.

2.4.1 Examine the morphological, concholo'giéal and genetic differences
between L. higginsii and L. abrupt.

Update, revise, or add to the plan to keep it current and useful.

Follow USFWS procedures to keep the plan current and useful and to determme whether
an update, revision, or addendum is most appropriate.

Develop a plan to monitor L. higginsii after it is removed from the hst of
Endangered Species.

The Endangered Species Act (4)(g)(1) requires the Service to “...implement a system in
cooperation with the States to monitor effectively for not less than five years the status of
all species which have recovered to the point at which the measures provided pursuant to
this Act are no longer necessary.” The Service should begin working on this plan when it

- determines that the species has met its recovery criteria and its protection under the Act

is no longer required and should consider monitoring for at least ten years.
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III. IMPLEMENTATION SCHEDULE

~ The following Implementation Schedule outlines actions and estimated costs for the recovery

program. It is a guide for meeting the objective discussed in Part II of this Plan. This schedule
indicates task priorities, task numbers, task descriptions, duration of tasks, recovery partners,
and estimated costs. These actions, when accomplished, should lead to the recovery of the
species and protect its essential habitat. The estimated funding needs for all parties anticipated to
be involved in recovery are identified. Part 111 reflects the estimated costs for the first three years
of the recovery program for this species. Costs for year 4 and beyond will be determined
approximately every three years by the USFWS and cooperating agencies. When delisting
occurs due to recovery of the species, a minimum of five years of monitoring is required by the
Act to assess the adequacy of recovery actions and determine if there will be cause to consider
relisting. Because of special concerns with the biology of Lampsilis higginsii, a minimum of ten
years of monitoring is necessary for this species.

Tasks in the first column of the following Implementation Schedule are assigned priorities as
follows:

Priority 1: An action that must be taken to prevent extinction or to prevent the species from
declining irreversibly in the foreseeable future.

Priority 2: An action that must be taken to prevent a significant decline in species
population/habitat quality or some other significant negative impact short of extinction.

Priority 3: All other actions necessary to meet the recovery objectives.
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ES-TE
ES-EQ
ES-HC

F

" RW

EA
LE

Partners

ACOE
USCG
USDA
EPA
BRD
WRD
NPS

States

~ Acronyms used in the Implementation Schedule: -

Recovery Partner - USFWS Program

U.S. Fish and Wildlife Service, Division of Ecological Services, Threatened .
and Endangered Species Program :

u.s. Fnsh and Wildlife Serv:ce, Dwnsnon of Eoologlcal Services, Envnronmental o

Quality Program

U.S. Fish and Wildlife Service, Dw:snon of Ecological Services, Habnat
Conservation Program .

U.S. Fish and Wildlife Service, Division of Flshenes

U.S. Fish and Wildlife Service, Division of Refuges and Wildlife
U.S. Fish and Wildlife Service, Division of External Affairs
U.S. Fish and Wildlife Service, Division of Law Enforcement

U.S. Fish and Wildlife Service, Partners for Fish and Wildlife Program ‘

Recovery Partner -- Other Federal Agencies and States

UsS. Army Corps of Ehgineers

U.S. Coast Guard

U.S. Department of Agriculture

U.S. Environmental Protection Agency

US. Geological Survey, Biological Resources Division

U.S. Geological Survey, Water Resources Division

National Park Service

Minnesota Department of Natural Resources, Division of Ecological Services
Wisconsin Department of Natural Resources, Bureau of Endangered Resources

Iowa Department of Natural Resources, Division of State Parks, Recreation and
Preserves

Illinois Department of Natural Resources, Division of Natural Heritage

Missouri Department of Conservation
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Cost Estimate

Task Task Task Description Duration Recovery Partner Comments
Nos. Priority ' (Years) $ X 1000
USFWS Other Year Year | Year
Program 1 2 3
1.1. Assess and limit the impact of the zebra mussel, Dreissena polymorpha, on L. higginsii.
: =T
1.1.1 1 Develop strategies to prevent zebra 2 ES-TE ACOE 50 - 50 -
: mussel infestation, States
. BRD
1.1.2 1 Monitor zebra mussel populations at Ongoing | ES-TE ACOE 20 20 20
Essential Habitat Areas that are ‘ States
currently infested. BRD _
1.1.3 1 Develop and implemént_ a response Ongoing | ES-TE ACOE 30 50 50 year 2and 3
‘ plan for L. higginsii in Essential States cost only if
Habitat Areas. BRD plan is
- implemented
1.2. Develop uniform protocols for collecting and maintaining information on L. higginsii populations.
1.2.1 2 | Develop a uniform protocol for 1 ES-TE ACOE 50 - -
collecting information for populations States
of L. higginsii. BRD
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Task - Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos. Priority (Years) ‘ $ X 1000
. USFWS Other Year Year | Year
Program 1 2 3
1.2.2 2 Answer the following three questions 3 ES-TE | States 10 10 | 10
' to facilitate the implementation of this BRD

recovery plan:

What would constitute sufficient

evidence of a strong juvenile year class

of L, higginsii?

What methods should be used to

evaluate the strength of juvenile year

classes of L. higginsii?

How many strong juvenile year classes

should be detected to determine that

reproduction is sufficient to allow for

stable or growing populations of L.

higginsii?
123 2 Develop a central database of 1 ES-TE | ACOE - 50 --

: information based on the protocol States

developed in task 1.2.1. BRD ‘

1.2.4 2 Develop and implement a long-term Cont, ES-TE States 100 100 | 100
‘ monitoring plan at Essential Habitat ACOE ‘ ’
Areas. )
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Task Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos, Priority (Years) $ X 1000
USFWS Other Year Year | Year
Program 1 2 3
1.3. Maintain a list and an ongoing evaluation of Essential Habitat Areas.
1.3.1 2| Evaluate the ten Essential Habitat 3 ES-TE States 100 100 100
: Areas recommended in this plan based BRD
on the best available scientific - ACOE’
- | information. - o :
1.3.2 2 Identify new Essential Habitat Areas, 3 ES-TE States | 100 100 100
’ : BRD
_ ACOE
1.3.2.1 2 Survey Pool 10 to-determine whether 3 ES-TE States 20 20 20
additional Essential Habitat Areas may BRD :
. be identified in this pool. - ‘ ACOE
1.3.2.2 3 Examine a site near river mile 454, 1 ES-TE States 10 - -
Muscatine, IA, for inclusion as an BRD
Essential Habitat Area. . :
1,3.2.3 3 _Examine a site near river mile 556.4, 1 ES-TE States 10 - -
' Bellevue, IA, for inclusion as an ‘ BRD
" Essential Habitat Area. ACOE
1.3.24 3 Examine shallow shoreline habitats in 1 ES-TE States - 10 -
‘ Pool 14 to determine if these habitats BRD
may currently support significant ACOE
unknown populations of L. higginsii.
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Task

Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos, Priority ’ (Years) $ X 1000
' USFWS | Other | Year | Year | Year
» Program , 1 2 3
1.3.3 .2 Estimate populatibn size in Essential Cont. ES-TE States | TBD’ | TBD | TBD
Habitat Areas. BRD _
1.34 2 | Estimate recruitment in Essential Cont. ES-TE- States TBD | TBD | TBD
Habitat Areas. BRD
1.3.5 3 ‘Estimate the existing genetic variability 3 ES-TE States 50 50 50
’ : of the populations in Essential Habitat ' BRD
Areas, ' '
1.3.6 2 Maintain an up-to-date list of Essential 3 ES-TE - - -

Habitat Areas and the supporting data
for each at the Service’s Twin Cities
Field Office and make this information,
or a summary thereof, available
through the internet.

1.4. Limit construction in areas of essential L, higginsii habitat. Mitigation, including translocation may
in limited instances.

be an acceptable alternative

1.4.1 3 Determine the potential impact of Ongoing | ES-HC ACOE TBD | TBD | TBD
" construction projects on Essential & '
Habitat Areas. cont.
1.4.2 3 Determine alternatives to harmful Ongoing | ES-HC ACOE | TBD | TBD | TBD
construction practices. & cont.

>To be determined. The Recovery Team was not able to estimate the costs of these tasks.
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Cost Estimate

Task Task Task Description Duration Recovery Partner _ Comments
. Nos. Priority (Years) 7 $ X 1000
"USFWS Other Year Year | Year
Program 1 2 3
1.4.3 3 | Continue monitoring the impacts of Ongoing | ES-HC ACOE 50 50 50
‘ commercial navigation activities on & cont. ‘

Essential Habitat Areas.

1.5. Continue to ex

amine the relationship between water qu

ality, especi

ally contaminants, and L, higginsii popula

tions in Essential

Habitat Areas.

1.5.1 3 Develop a freshwater mussel toxicity . e ES-EQ BRD - o - Reference
database for sediment and water quality F WRD - specific tasks
parameters to help define L. higginsii EPA for total
habitat quality goals. ACOE 1.5.1 cost

: estimates
and duration

1.5.1.1 "3 Identify suitable surrogate species for 3 ES-EQ EPA 75 75 50

L. higginsii for use in laboratory BRD

toxicity tests. ‘
1512 3 | Determine necessary handling 3 F BRD 50 50 | 50

protocols and culturing requirements of ES-TE EPA

each life history stage to be tested.
1.5.1.3 3 Document existing toxicity data 3 ES-EQ BRD 40 40 0

(including test type) available for the EPA

species and/or its surrogates. -
1.5.1.4 3 Identify inorganic and organic 3 ES-EQ BRD 75 75 40

contaminant compounds and mixtures EPA

present in L. higginsii Essential Habitat
Areas. Use these data to determine
realistic ranges of environmental
concentrations for use in laboratory

exposures.
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Task

Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos, Priority (Years) $ X 1000 :
USFWS Other Year Year | Year
Program 1 2 3
1.5.1.5 3 | Design and complete acute and chronic 3 ES-EQ BRD 75 75 50 -
laboratory toxicity tests based on Tasks EPA
Task 1.5.1.1 through Task 1.5.1.4. ACOE
Include glochidium, juvenile, and adult
life stages.
- 1.5.1.6 3 Document the various modes of 3 ES-EQ BRD - 100 100 50
‘ ‘ | contaminant uptake for L. higginsii (or WRD '
suitable surrogate species), EPA
emphasizing the relative significance
of uptake from food sources, surface
water, pore water, and sediments.
1.5.1.7 3 Determine the biological effect and 3 ES-EQ BRD 150 150 100
significance of contaminant residues - WRD
documented in mussel tissues. EPA
1.5.2 3 Characterize specific sediment and --- ES-EQ BRD - - -~ | Reference
water quality parameters in L. higginsii WRD task 1.5.2.1
Essential Habitat Areas and EPA for 1.5.2 cost
reestablishment areas. ACOE estimates
-and duration
1.5.2.1 3 Collect sediment and pore water from 3 ES-EQ BRD 150 150 100
areas identified as currently supporting WRD
viable L. higginsii populations and EPA
proposed reestablishment areas; ACOE
analyze for a range of organic and
inorganic contaminants,
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Task Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos. Priority : (Years) _ $ X 1000
USFWS Other Year Year | Year
_ Program I 2 3
1.5.2.2 3 Develop and implement water quality 3 ES-EQ BRD 10 10 10
criteria that would conserve Higgins EPA
eye; thése criteria should be directly or States
indirectly protective of sediment and
pore water quality, as necessary to
conserve Higgins eye.
1.5.3 3 Promote best management practices in Cont, | ES-EQ States - - -~ | Reference
’ the watersheds of L. higginsii Essential ES-TE EPA 1.5.3.1 for
Habitat Areas and relocation areas to RW USDA 1.5.3 cost
minimize potential non-point source Partners NPS estimate
impacts. ' :
1.5.3.1 3 Coordinate with local land use Cont. | ES-EQ States 30 30 30
planning and technical assistance ES-TE EPA
offices to increase awareness and need RW USDA
to protect water quality in L. higginsii Partners NPS
Essential Habitat Areas and relocation -
areas
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Task Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos. Priority ‘ (Years) - $X 1000
USFWS Other Year Year | Year
Program 1 2 3
1.6. Develop plans to enhance the safety of shipping toxic or hazardous materials, reduce the introduction of these materials near L.
higginsii habitat, and develop response plans for any spills that may occur. '

1.6.1 2 Promote the use of double hull barges. Ongoing | ES-TE USCG - - -

1.6.2 3 Incorporate L. higginsii habitat On- ES-EQ USCG e - --- | Reference
information into applicable spill going: | ES-TE _EPA. tasks 1.6.2.1,
contingency planning efforts; identify F States 1.6.2.2, and

 protective response actions available. RW NPS 1.6.2.3 for
: ‘ LE 1.6.2 cost
estimate.

1.6.2.1 . 3 Coordinate with state and Federal On- ES-EQ USCG 10 10 10

natural resource trustees responsible for going ES-TE EPA

spill planning and response. Identify L. F States

higginsii water quality requirements RW NPS

and Essential Habitat Area information, LE

as well as applicable facility, local,

state, Federal, and area spill

contingency planning efforts.
1.6.2.2 3 Identify potential response actions that On- ES-EQ USCG 10 10 10

‘ may prevent or minimize impacts to L. going ES-TE EPA
higginsii (including habitat) in the F . States
event of a spill of oil or hazardous RW NPS
materials. Incorporate into applicable LE
response plans as necessary.
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Task Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos. Priority (Years) $ X 1000
USFWS Other Year Year -| Year
' Program 1 2 3

1.6.2.3 3 Identify potential L. higginsii habitat On- ES-TE States 20 20 20

restoration and compensation measures going ES-EQ NPS

that state and Federal natural resource F

trustees may consider under Natural RwW

Resource Damage Assessment LE

responsibilities in the event of a spill of
oil or hazardous materials. Incorporate
into applicable response plans as
necessary.

1.7. Review current regulations and develop additional regulation of mussel harvest in the uppe
impacts on L. higginsii. :

r Mississippi River draina

ge to reduce

BRAN

2 .

Develop regulations to prevent mussel
harvest in Essential Habitat Areas.

ES-TE States

1.7.2.

2

Review existing harvest regulations
and make recommendations to the
USFWS and the States on-any
regulations neeéded outside of Essential
Habitat Areas. .

ES-TE States »

1.7.3

.Enhance enforcement of existing

regulations..

Cont.

LE States

1.8. Continue to develop materials to educate the public on the nature of endangered mussels and L. higginsii, in particular. -

1.8.1

-
J

Educate commercial navigation
industry, commercial mussel
harvesters, and state transportation
agencies on the nature of endangered
mussels.

On-
going

ACOE
States

ES-TE
PA

10
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Task Task Task Description Duration Recovery Partner Cost Estimate Comments
Nos. Priority ’ {Years) ' $ X 1000
‘ USFWS Other | Year Year | Year
s Program - 1 2 3
2.1. Identify and rank potential sites of existing L. higginsii populations for enhancement.
2.1.1 '3 Estimate the populat_ion size in non- .3 " ES-TE BRD 100 100 100 | Combined
Essential Habitat Areas. ' States with 2.1.2
2.1.2 3 Estimate recruitment in non-Essential 3 ES-TE BRD- See - - Combined
' Habitat Areas. ’ States 2.1.1 with 2.1.1
2.13 3 Estimate the genetic variability of the 3 ES-TE BRD - 70 70° 50 | Incon-
populations in non-Essential Habitat States junction with
Areas. ' 2.1
2.2. . Increase the number of L, higginsii at enhancement sites to current levels found in Essential Habitat Areas or to numbers
appropriate for the local habitat. ‘ ’ '
2.2.1 3 Determine the best method to increase 2 ES-TE 'BRD 50 50 -
s population size, States
222 3 Utilize the best method to increase 2 ES-TE BRD - 100 . 100
population size, States ’
223 3 © | Assess the efficacy of the méthod used. 2 ES-TE BRD
States
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Task Task . Task Description Duration Recovery Partner Cost Estimate Comments
Nos. Priority ' (Years) .$X 1000
USFWS Other | Year | Year | Year
; . Program 1 2 3 |
2.3. Determine the feasibility of reestablishing L. htggmsu into historic habitats, particularly streal-l-ls that are at lower risk for zebra
mussel colonization, . , : s ' *
2.3.1 2 | Rank historic habitats for the likelihood | Ongoing | ES-TE BRD - | Combine
| of zebra mussel colonization. : ; States with 2.3.2
232 .| 2 | Examine habitat suitability and fish Ongoing | ES-TE BRD 100 | 100 | 100 | Combine
“assemblage for reintroduction. States | with 2.3.1
2.3.3 2 Develop a reintroduction/augmentation | Ongoing | ES-TE 'BRD 300 | 300 | 300
‘plan and utilize best method(s) of State ‘
reintroduction - .
2.4. Examine the taxonomic validity of L, higginsii especially since L. abrupt is found in noncontiguous geographic areas.
< . -, [
2.4.1 3 Examine the morphological, 1 ES-TE BRD - - 25
conchological and genetic differences States
between L. higginsii and L. abrupt.
3 "3 | Update, revise, or add to the plan to Ongoing | ES-TE - - — | Nospecific
‘ keep it current and useful, costs
: : anticipated
Years 1-3
4 3 ’ Develop a plan to monitor L. 2 ES-TE -— —_ - | No costs
- higginsii after it is removed from the ' anticipated
list of Endangered Species. Years 1-3 -
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IV. TABLES

Table 1. Summary of recent (2000-2003) reintroductions, adult translocations, and other releases
of Lampsilis higginsii. Releases between sites in the same river include experimental releases and
movemernts of adults and releases of artificially propagated L. higginsii into areas with low
densities of zebra mussels. Largemouth bass, smallmouth bass, walleye, freshwater drum, spotted
bass (Micropterus punctulatus), and white bass (Morone chrysops) were used as host fish species
for artificial propagation. Gordon (2002) estimated 60-68 (smallmouth bass), 57-65 (walleye),

- and 78-133 (largemouth bass) transformed juveniles per fish. USFWS maintains an up-to-date

database of reintroduction events at its Twin Cities Field Office in BIoommgton Minnesota.
UMR = Upper Mississippi River. : :

Action Source River Relocation River No. Mussels ‘No.
v o . 0
AdultRelocaion ~ UMR .~ UMR 1w na
. Adult Relocation . UMR UMR - 99 ‘ n/a
Adult Relocation UMR ' UMR 271 n/a
Infested Fish in St. Croix River St. Croix River n/a 100
Cage(s) '
Infested Fishin St. Croix River St. Croix River va 100
Cage(s) ' |
Infested Fish in St. Croix River St. Croix River n/a 150
Cage(s) : .
" Infested Fish in St. Croix River ' St. Croix River na - 150
Cage(s) : '
Infested Fish in St. Croix River St. Croix River n/a 50
Cage(s) ’
Infested Fish in St. Croix River St. Croix River _ n/a 150
Cage(s) ‘
Infested Fish in St. Croix River UMR n/a 150
Cage(s) - . '
Infested Fish in © St. Croix River UMR | n/a 150
Cage(s) , .
Infested Fish in St. Croix River UMR n/a 100
Cage(s) '
Infested Fish in St. Croix River UMR n/a _ 50
 Cage(s) '
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Table 1. Summary of recent (2000-2003) reintroductions, cont.

Action Source River Relocation River No. Mussels No.
Fish
Infested Fish in St. Croix River Wisconsin River n/a 445
Cage(s)
Infested Fish in St. Croix River Wisconsin River n/a 150
Cage(s) ' _ ‘
Infested Fish in UMR UMR n/a 245
Cage(s) ‘ ‘
Infested Fish in UMR UMR n/a 520
Cage(s) '
Infested Fishin UMR - UMR n/a 804
Cage(s) '
Release Free-Ranging UMR Wapsipinicon River n/a 189
Fish -0
Release Free-Ranging St. Croix River Cedar River " n/a 793
Fish ‘ '
ReleasevF ree-Ranging St. Croix River Cedar River " nla 405
Fish
Release Free-Ranging St. Croix River Wisconsin River n/a 450
Fish , ‘
Release Free-Ranging UMR Cedar River n/a 615
Fish
Release Free-Ranging UMR - 'lowa River n/a 100
Fish , » - 0
Release Free-Ranging UMR Towa River n/a 11
Fish
Release Free-Ranging UMR Iowa River n/a 87
Fish ‘
Release Free-Ranging UMR lowa River n/a 577
_ Fish .
Release Free-Ranging UMR lowa River n/a 60
Fish ' : '
Release Free-Ranging UMR - lowa River n/a 615
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Table 1. Summary of recent (2000-2003) reintroductions, cont.

Action

Source River Relocation River No. Mussels No.
Fisl
Fish
Release Free-Ranging UMR Iowa River n/a 65
Fish '
Release Free-Ranging UMR Wapsipinicon River n/a 620
~ Fish ' , o
Release Free-Ranging Wisconsin River Wisconsin River n/a - 300
Fish -
Release Juveniles St. Croix River Black River 1914 n/a
Release Juveniles. St. Croix River Black River 1200 n/a
Release Juveniles - 8t. Croix River St. Croix River 3 na
Release Juveniles St. Croix River Wisconsin River 3750 n/a
‘Release Juveniles St. Croix River Wisconsin River 1100 n/a
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Table 2. List of primary and secondary habitats described in the 1983 L. higginsii recovery
plan.
Habitat Type Site UMRS Pool River Mile
Primary Sylvan Slough, IL. 15 485.5-486
Cordova, IL 14 - 503-505.5
McMillan Island, 1A 10 616.4-619.1
Prairie du Chien, WI/MN 10 634-636
Harper’s Slough, IA/WI 10 639-641.1
Whiskey Rock, 1A 9 655.8-658.4
| Hudson, WI (Lakeland, MN) St. Croix River 16.2-17.6
Secondary Jonas Johnson Island, IL 17 439
Barkis Island, IL 17 444
Andalu'sia Slough, IL 16 473
Lower Sylvan Slough, IL 16 482
Rapids City, IL 14 496
Adams Island (vicinity), 1A 14 507
Dubuque, TA 12 580
| Cassville, W1 ¥ 607
11

‘ Guttenberg,‘ ]A
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Fishes that have been examined as potential hosts for L. higginsii.

Table 3. -
Fish species Comimon name Family Suitability as Reference
a host ‘
N B - sauger ' ) Surber (1912); Wilson (1916);
Stizostedion canadense i Percidae _ Suitable Coker et al. (1921); Hove and
’ Kapuscinski (2002)
\Aplodihot‘us grunniens‘ freshwater drum .Sciaenidae Suitable Wilson (]916); Coker et al._ (1921)
.| Sytvester et al. (1984); Waller &
Micropterus salmoides largemouth bass | Centrarchidae Suitable Holland-Bartels (1988); Hove and -
: Kapuscinski (2002)
Micropterus dolomieu smallmouthbass | Centrarchidae | Suitable Waller & Holland-Bartels (1988)
Stizostedion vitreum viireum ' walleye. . Percidae ‘ Suitablg Sy lvﬁﬁ:gi@&iﬁ:ﬁgg;er &
Perca flavescens yellow perch Percidée : Suitable Waller & Holland-Bartels (1988)
Pomoxis nigromaculatus black crappie Centrarchidae | Suitable ‘Hove and Kaphscinski (2002)
Lepomis macrochirus bluegill Centrarchidae Marginal Waller & Hollaﬁd-Bartels (1988)
Esox lucius northern pike Esocidae Marginal Waller & Holland-Bartels (1988)
Lepomis cyanellus green sunfish Centrarchidae Marginz.il Wallegjv?;:::lz;i-a}ia(r;e;;"()] 988);
Lepomis macrochirus bluegill -Centrarchidae Unsuitable Sylvester et al. (1984)
Lepomis humilis orans%me- fs_']:gtted Centrarchidae Unsuitabie . Hove and Kapuscinski (2002)
Lepomis gibbosus pumpkinseed Centrarchidae Uhsuitab]e Hove and Kapuscinski (2002)
Ambloplites rupestris rock bass .Centrarchidae ' Unsuitable Her and Kapuscinski (2002)
Percina maculata blackside darter | Centrarchidae | Unsuitable Hove and Kapuscinski (2002)
Cyprinus carpio common carp Cyprinidae Unsuitable Sylvester et al. (1984)
Pimephales promelas fathead minnow Cyprinidae Unsuitable Waller & Holland-Bartels (1988)
Luxilus corr;urus common shiner Cyprinidae Unsuitable Hove and Kapuscinski (2002) -
Semolitus atromaculatus creek chub Cyprinidae Unsuitable Hove and Kapuscinski {2002)
- Nocomis bigutiatus homyhéad chub _Cyprinidae Unsuitable Hove and Kapuscinski (2002)
Cyprinella spiloptera spotfin shiner Cyprinidae Unsuitable Hove and Kapuscinski (2002)
- Ictalurus punctatus , hogrr‘l(::::;l::ker Ictaluridae Unsuitable Sy lves;z;;;:érf;l?itl(;)(;(g;)ve and
Ameiurus melas black bulthead Ictaturidae Unsuitable - Sylvester et al. (1984)
Pylodictis olivaris flathead catfish Ietaluridae Unsuitable

- Hove and Kapuscinski (2002)
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Table 3. Fishes that have been examined as potential hosts for L. higginsii, cont.
Fish épecies Common name Fami]y Suftability as Reference
’ a host )

Nocturus gyrinus tadpole madtom v Iétaluridae Unsuitable Hove an’d Kapuscinski (2002)
Ameiurus natalis ye]low ﬁullhead Ictaluridae Unsuitable Hove and Kapuscinski (2002)

Carpiodes carpio river carpsucker -| Catostomidae Unsuitable Sylvester et al. (1984)

Catostomus commersoni white sucker Catostomidae Unsuitable Sylvester et al. (1984)
Hypentelium nigricans : _ porthern Catostomidae Unsuitable Hove and Kapus?inski (2002)

hognose sucker

Oncorhynchés mykiss rainbow trout Salmonidae Unsuitable Sylvester et al. (1984)
Acipenser fulvescens’ lake sturgeon Acipenséridae Unsuitable Hove and Kapuscinski (2002)
Lepisosteus osseus longnose gar Lepisosteidae | Unsuitable Hove and Kapuscinski (2002)
Percopsis omiscomaycus trout-perch Percoppsidae Unsuitable Hove and Kapuscinski (2002)
Lota lota : burbot \ Lotidae Unsuitable Hove and Kapuscinski (2002)
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Table 4.Water quality data from the St. Croix River at St. Croix Falls, Wisconsin, during 1975-
1983. During the sampling period mean pH was 7.3 (6.4-8.3, n = 76); mean concentrations of
calcium and magnesium were 21 (SD=5.0, n=81) and 6.7 (SD= 1 .5, n=81) mg/L, respectively. Al]
data are summarized from Graczyk (l 986).

‘Measure Mean Range Number of
. - ' : : observations
Total cadmium, ug/L - 1.0 . <1-3 2K - 30
Total chromium, ug/L ’ 9 L <20-20 30
Total copper, ug/L B | 4 | <2-24 30
_Total mercury,ug/l.__ | 020. <0.01-0.6 | 30
Totalzinc,ugh, . 30 | <10-380 | 29
Alkalinity, mg/L 1 76 28-110 | 60
_Calcium, mg/L : - 21 . 8.5-40 - 81
Conductivity, umhos ’ 180 . 65-295 : 91
Total Nitrogen, mg/L 0.83 0.25-1.8 67
Ammonia Nitrogen, mg/L 0.61 0.13-1.6 89
Dissolved oxjgen, mg/l - 9.7 6.6-14 68
pH L 7.3 6.4-8.3 76
Total phosphorus, mg/L 0.05 0.01-.016 82

Suspended sediment, mg/L 7.5 1-54. 72
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Table 5. - Heavy metals and hydrocarbons in surficial sediments in 1986 from five locations in
Pool 10 near Prairiec du Chien, Wisconsin. Concentrations are mg/kg dry weight or
ppm. Data are unpublished data from the U.S. Army Corps of Engineers (locations

1,5, 6,7, and 8).
Measure Mean Range N
Heavy metals '
cd 0.4 <0.3-0.5 10
Cr 11.6 8.3-17.0 10
Cu. 8.8 5.0-15.0 10
Zn 412 28.9-63.5 10
Aliphatic hydrocarbons’'

n-pentadecane . 0.03 0.02-0.05 10
n-hexadecane | 0.02 . 0.01-0.05 7
n-heptadeccane | 0,06 0.02-0.12 10
pristane | . 0.02 0.01-0.03 4
n-octadecane 0.03 0.02-0.06 10
n-nonadecane 0.07 0.03-0.18 .10
n-eicosane_ | 0.03 0.01-0.10 9

' Polyaromatic hydrocarbons
napthalenev 0.01 0.01 2
anthracene 0.01 0.01-0.03 5
fluroanthrene | 0.04 0.01-0.20 7
pyrene . | 0.05 0.01-0.27 7
1,2- 0.01 0.01 5
chrysene 0.09 0.01-0.34 5
benzo(b)fluoranth | 0.02 0.01-0.03 7
benzo(a)pyrene 0.01 0.01-0.02 7
1,2,5.6- 0.05 0.01-0.16 4
benzo(ghilpervle | 0.02 |- 0.01-0.04 5

*In addition to the aliphatic hydrocarbons listed in the table, sediments were also analyzed for n-dodecane, n-
tridecane, n-tetradecane, octylcyclohexane, and nonylcyclohexane. Concentrations of these compounds were below
the lower level of detection of 0.01 ppm.. Sediments were also analyzed for 20 organochlorine compounds including
HCB, BHC, oxychlordane, heptachlior epoxide, t-nonachlor, total PCBs, arochlor 1242, 1248, 1254, and 1260, o, p’-
DDE, p, p’-DDE, dieldrin, o, p’-DDD, endrin, cis-nonachlor, o, p’-DDT, p, F’-DDD, p, p’-DDT, and mirex.
Con]c;ntrat)ions of these organochlorine pesticides were below the lower level of detection of 0.01 ppm (0.05 ppm for
total PCBs). )
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Table 6. - Studies conducted at the Essential Habxtat sites that were recommended in the 1983
L. higginsii recovery plan. :
Site UMRS Pool | River Mile Refererices
Sylvan Slough, 15 485.5-486 Eéolbglcal Anal' sts (1981b); Blodgett &
IL S Sparks: (l987b), Cawley (1989) Miller and .
N Payne (2001)
Cordova, IL | 14 503-505.5 | Stanley Consultants (1988); Miller et al.
‘ (1990); Miller and Payne
(1991,1993,1994, 1996a b, 1997, 2001);
Helms (2000)
McMillan Is., 10 616.4- Miller et al. (1990); Miller & Payne (1 996b,
1A 619.1 2001) ‘
Prairie du 10 634-636 | Thiel (198]); Havlik (1983);Duncan & Thiel
- Chien, WI/MN 1(1983); Andrew Miller and Barry Payne
(U.S. Army Corps of Engineers, in litt.
1984); Miller and Payne (1991, 1992, 1993,
1994, 1995a, 1995b, 1996a, 1996b 1997
200]); Holland-Bartels & Waller (1988);
‘ Clarke & Loter (1992, 1993, 1994, 1995)
Harper’s ‘ 10 639-641.1 | Duncan & Thiel (1983); Miller & Payne
Slough, 1IA/WI1 : : (1996b 2001); David Heath (Wisconsin
Sartment of Natural Resources, in litt.
Whiskey Rock, 9 655.8- . | Miller & Payne (1996b, 2001)
1A : : 658.4 - :
Hudson, St. Croix 16.2-17.6 | Fuller (1980); Heidi Dunn (Ecological
WI/MN River Specialists, in litt. 1994); Hornbach et al.

(1995); Heath et al (2001)
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V. FIGURES

Pre-1985 Records 1965-1880 Records 1981 to Present Records _
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"Figure 1. Distribution of Lampsilis higginsii in the Upper Mississippi River and major tributaries

(from Havlik 1980 and Cawley 1996). L. higginsii has recentl?' been introduced into some areas
" not indicated on this map (see Table 1). Open circles indicate locations of L. higginsii records;
solid circles show locations of cities for geographic reference.
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Pool 9, Mississippi River, Allamakee County, Iowa, and
Crawford County, Wisconsin. - Match line A-A’ to Figure 6.b.
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V1. APPENDICES
Appendix A. Peer Review and Peer Contributors

The U.S. Fish and Wildlife Service extends special thanks to various experts, in addition to the
experts on the recovery team, who reviewed drafts and/or provided their information or expert
recommendations for the draft Higgins Eye Pearlymussel Revised Recovery Plan. This peer input
was invaluable in bringing current biological information on the species and ecosystem
management concepts to the current draft of the plan. ) ‘

The following expert peers provided review and/or scientific information to the Séfvice. Dr.
Neves provided peer review for the 1998 and 2003 drafts.

Dr. G. Thomas Watters :

Curator of Molluscs, Museum of Biological Diversity
Department of Evolution, Ecology and Organismal Biology
The Ohio State University

Columbus, Ohio

Dr. David Strayer

Institute of Ecosystems Studies
Cary Arboretum ,
Millbrook, New York

Dr. Susan Jerrine Nichols
Great Lakes Science Center
U.S. Geological Survey
Ann Arbor, Michigan

Dr. Richard Neves : .

Department of Fisheries and Wildlife

Virginia Polytechnic Institute and State University
Blacksburg, Virginia

Dr. Anne Keller

- U.S. Environmental Protection Agency
Athens, Georgia
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Append

dix B. Higgins Eye Pearlymussel 1998 Technical/Agency Draft Revised Recovery Plan
Review ' o ‘

The Service published a notice of availability of a technical/agency draft revised plan on June 22,
1998 (63 FR 33944) and transmitted the document for public review and comment shortly
thereafter. The Service and individual members of the Higgins Eye Recovery Team received
substantial formal and informal comments addressing a variety of format, content, and
organizational points of the technical/agency draft. The team carefully considered all comments
received. As aresult of the technical/agency draft plan comment period, the recovery team was -
able to substantially improve the revised plan by incorporating the latest available biological
information on the species and the measurement of its recovery, and by improving the tlexibility
and practicality of the plan’s tasks and recovery criteria. ‘ '

Tlhe following individualé/agencies provided comments on the 1998 technical/agency draft revised
plan:

T.J. Miller ' Kurt Welke '

U.S. Fish and Wildlife Service Wisconsin Department of Natural Resources
Fort Snelling, Minnesota - Prairie du Chien, Wisconsin
Colonel James V. Mudd, District Engineer Charles M. Piis,' Director
Army Corps of Engineers : Bureau of Endangered Species :
~ Rock Island, Hlinois - ~ Wisconsin Department of Natural Resources

Madison, Wisconsin
Anthony L. Anderson, Superintendent
- National Park Service Kevin Cummings
St. Croix Falls, Wisconsin Hlinois Natural History Survey
_ , Champaign, llinois
George Garklavs, District Chief '

U.S. Geological Survey Marian E. Havlik

Mounds View, Minnesota Malacological Consultants
' - LaCrosse, Wisconsin

Kathy Lee

U.S. Geological Survey ' Lou Bubala

Mounds View, Minnesota Indianapolis, Indiana

James D. Gruendler, Administrator
Wisconsin Department of Transportation
Madison, Wisconsin

Comments and individual responses are maintained in the administrative record at the U.S. Fish
and Wildlife Service, 4101 E. 80™ Street, Bloomington, Minnesota 55425-1665.
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Appendix C. Summary of Threats and Recommended Recovery Actions.

Listing
Factor

Threat

Recovery Criteria

Tasks and Task NumBers :

A

Habitat Alteration

Final Goal - 1a, Ic,
3,4

Develop uniform protocols for collecting and maintaining information on L.
higginsii populations. Confirm and modify the list of Essential Habitat Areas
in the initial recovery plan. Limit construction in areas of essential L.
higginsii habitat. Mitigation, including translocation, may be an acceptable
alternative in limited instances. Develop plans to enhance the safety of
shipping toxic or hazardous materials, reduce the introduction of these
materials near L. higginsii habitat, and develop response plans.for any spills
that may occur. (see Tasks 1.3, 1.3.1, 1.3.2, 1.3.2.1,1.3.2.2, 1.3.2.3, 1.3.3,
1.3.4,1.3.5,1.3.6,1.4.1,1.4.2,1.43,1.6.1,1.6.2, 1.6.2.1, 1.6.2.2, 1.6.2.3)

Water Qua{lity ,

5nt_érfﬁédiate Goal -

Final Goal - 1b, 6

Continue to examine the relationship between water quality, especially
contaminants, and L. higginsii populations in Essential Habitat Areas. (See
Tasks 1.2.4,1.5.1,1.5.1.1,1.5.1.2, 1.5.1.3, 1.5.1.4, 1.5.1.5, 1.5.1.4, 1.5.1.5,
1.5.1.6,1.5.1.7,1.52,1,52.1,1.5.2.2, 1.5.3, 1.5.3.1) ‘

Band -

Commercial
Harvest

Intermediate Goal -
3 .
Final G;Sal -5

Review current regulations and develop additional regulation of mussel
harvest in the upper Mississippi River drainage to reduce impacts on L.
higginsii. Continue to develop materials to educate the public on the nature
of egdangered mussels and L. higginsii, in particular. (see Tasks 1.7.1, 1.7.2,
1.7.3 1.8.1) - :

Zebra mussels

Intermediate Goal -

1 :

‘| Final Goal - 2

Assess and limit the impact of the zebra mussel, Dreissena polymoi'pha, on L.
higginsii. Determine the feasibility of reestablishing L. higginsii into historic
habitats, particularly streams that are at lower risk for zebra mussel

Listing Factors: :
A. The Present or Threatened Dest

colonization. (see Tasks 1.1, 1.1.1, 1.1.2, 1.1.3, 2.3, and 2.3.1)

ruction, Modiﬁcation, or Curtaitment Of Its Habitat or Range

B. Overutilization for Commercial, Recreational, Scientific, Educational Purposes
C. Disease or Predation (not a factor) B
D. The Inadequacy of Existing Regulatory Mechanisms

E. Other Natural or Manmade Factors Affecting Its Continued Existence
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Appendix D. Public Comments on the 2003 Higgins Eye Pearlymussel Draft Recovery Plan:
First Revision.

The Service published a notice of avallablhty of a second draﬂ revised plan on August 15, 2003 (68
FR 48933) and transmitted the document for public review and comment shortly thereafter. The
Service received substantial formal and informal comments addressing a variety of points of the second
draft. The Service carefully considered all comments received. As a result of the comment period on
the second draft plan, the Servxce was able to further improve the revised plan.

Fo]lowmg is the list of individuals and agencies that submitted comments on the second draft of the
Higgins’ Eye Pearlymussel Draft Recovery Plan: First Revision. All comments have been reviewed
and incorporated, as appropriate, into this recovery plan. Comments are on file in the Service’s Twin
Cities Ecological Services Field Office, Bloomington, Minnesota. Revxew and responses to comments
received from the peer reviewer are mcluded below:

LIST OF REVIEWER_S
Peer Reviewer

Dr. Richard Neves -

Department of Fisheries & Wildlife

Virginia Polytechnic Institute & State University
Blacksburg, Virginia 24061-0321

Agencies and Others :
Candice R. Bauer, Ph.D. : ' Dan Hornbach, Ph.D.
U.S. Environmental Protection Agency Department of Biology
Region 5, WQ-16J Macalester College
77 W. Jackson Blvd. St. Paul, MN 55105
Chicago, IL 60604 , '
: : Signe Holz

Kevin Chesnik, Administrator : Robert Hay
Wisconsin Department of Transportation : Bureau of Endangered Resources '
4802 Shebo9y6gan Ave., Rm 451 Wisconsin Department of Natural Resources
P.O. Box 7 ‘ 101 S. Webster St.
Madison, W1 53707 ' Madison, W1 53707
Mike Davis Brian Johnson =
Minnesota Department of Natural Resources , U.S. Army Corps of Engineers
1801 South Oak Street : - 1222 Spruce St.
Lake City, MN 55041 St. Louts, MO 63103
Dan Erickson Jody Millar
Environmental Specialist U.S. Fish and Wildlife Service
Rivers Project Office - Rock Island Field Office
U.S. Army Corps of Engineers - - 4469 48th Avenue Court
301 Riverlands Way ' Rock Island, IL 61201
West Alton, MO 63386-1704

. ' Rob Pepin
Marian E Havlik , U.S. Environmental Protection Agency
Malacological Consultants Region 5, WQ-16J
1603 Mississippi Street ’ - 77 W. Jackson Blvd.

La Crosse, WI 54601-4969 , : Chicago, IL 60604
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Col. Duane Gapinski, Commander

U.S. Army Engineer District, Rock Island
Clock Tower Building ,
P.O. Box 2004

Rock Island, 11. 61204-2004
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Comment: EPA and other state and federal agencies are called upon to take specific actions under
the Plan, specifically in the conservation section. We agree that this is appropriate, but are unsure
if the Recovery Plan is "binding" or how it would affect budgets, etc. Also, we were wondering
how recovery tasks in this plan and the GLI BO (Great Lakes Initiative Biological Opinion) could
be coordinated between funding agencies and work plans. It seems like this plan could benefit
from close coordination with other activities, but this was not mentioned.

Response: The identification of specific agencies or states as Responsible Parties for actions in the
recovery plan and the assignment of cost estimates for the related tasks does not constitute a
mandate for action by those parties. All federal agencies, however, are required by section 7(a)(1)
of the Endangered Species Act to utilize their authorities in furtherance of the purposes of the Act.
Federal agencies and other parties willing to participate may benefit by being able to show in their
own budgets that their funding request is for a recovery action identified in an approved recovery
plan. When implementing the plan, the Service will work to determine how recovery tasks in this
plan might benefit through coordination with the Great Lakes Initiative (GLI) and other activities.

Comment: In regards to Task 1.5, the development of a toxicity database could be coordinated
with EPA databases like Ecotox or the GLI Clearinghouse. Other efforts such as development of
toxicological testing methods and determining which life stage is most sensitive should also be
coordinated with EPA to ensure that the methods will be suitable for use by EPA.

Response: The Service will work to see how development of a toxicity database mentioned in Task
1.5 could be coordinated with EPA databases, such as Ecotox, or the GLI clearinghouse. The
Service will also plan to coordinate with EPA when implementing this task and its associated
sub-tasks. EPA is identified as a Responsible Party for each of the sub-tasks. '

Comment: 1 feel the major obstacle to determining if water quality is affecting Higgins’ eye is the
lack of toxicity information for mussels in general. The plan does point this out, but it does not
clearly point out that the best way to protect mussels from ammonia/metal (at least within the
current framework of the Clean Water Act and EPA regulations) is to develop and implement -
protective water quality criteria. The real limitation, currently, is the fact that sediment and pore

- water quality do not have associated criteria. In the future, the effectiveness of the criteria may be
bolstered through collection of additional information which could lead to the development of a
“translator” from water column to sediment concentrations whlch would prevent toxic buildup of
contaminants in the sediments.

Response: We added a new sub-task (1.5.2.2) that states: “Develop and implement water quality
criteria that would conserve Higgins’ eye; these criteria should be directly or indirectly protective
of sediment and pore water quality, as necessary to conserve Higgins’ eye. We assumed that this
task would rely on the review and analysis of data collected and analyzed under the prior task
(1.5.2.1) and would cost approximately $10,000 over three years to accomplish.

| Comment: EPA provided information to FWS associated with the GLI BO that shows thiat
juveniles and glochidia are similarly sensitive overall. Thus, the statement on page 12 may not be
completely accurate.
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Response: We reviewed the available literature on ammonia and other contaminants that may
affect L. higginsii, updated the information on these topics in the plan, and reviewed this text to
ensure that the information accurate]y reflected the current literature.

Comment: The ambient water quality and sediment quality information could be more effectively
utilized in the analysis, but this would require reporting the pH, temperature, and hardness
associated with the data. This would allow a more robust comparison between in situ water
quality and water quality criteria. For example, if pH, temperature, and hardness were reported,
the ambient levels could be compared to applicable criteria values. This would strengthen any
conclusions about the possible impacts of water quality on Higgins’ eye survival. Also, the plan
compares instream ammonia to the 1985 criteria. However, the plan was updated in 1998 and
1999, so these values should be added or the applicable state standards should be compared. Also,
the ammonia mussel toxicity levels cited in the plan may be inconsistent with the numbers reported
in our database, so this is a point to follow up.

Response: We added the following statement to the narrative description of tasks 1.5.1.4 and
1.5.2.1 to address the first part of this comment: “Report pH, temperature, and hardness
associated with data collected in L. higginsii Essential Habitat Areas to allow for a robust
comparison to existing or proposed water quality criteria.” We also provided an updated (1999)
EPA acute ammonia criterion and updated information on the effects of ammonia on mussels, most
of which was taken from a recent published review of this topic.

Comment: It also may be worthwhile to compare instream ammonia concentrations with host fish
toxicity data. An initial analysis indicated that host sensmvny is within a factor of 5 from the
current 1999 criteria.

Response: EPA provided data on acute toxicity values of ammonia to species that have been
identified and marginal or suitable hosts for L. higginsii and we summarized these data in the plan.

Comments (two similar comments):

(1) Essential Habitat Areas. This section references nine locations as potential secondary habitats
but does not mention the location of those sites either in text or in Table 6 in Section IV. Those
locations need to be included. What is the value placed on secondary habitats, and how do those
habitats play into meetmg the outlined tasks and subsequent measurement criteria for Goal 1?

(2) Nme potentlal. secondary habltats are actually listed i in Table 2, page 76, not Table 6, in
Section IV. Those locations need to be described, and the basis for their inclusion cited in the text,
including which six were sampled, when and how (p. 5). Furthermore, "secondary habitats" merit
definition, including the qualifying criteria for future consideration of these, or other areas upon
further study. And, is the site actually nearer RM 444 or 446, Bogus or Barkis Island?

Response All references to “secondary habitats™ in the draft revised plan summarize the use of this

term in the original (1983) plan. . The term ‘“secondary habitats™ has no specific function in the
current recovery plan, which relies on the term Essential Habitat Area only. The plan outlines
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criteria that allow for the evaluation and addition of new Essential Habitat Areas. Federal agencies
should attempt to conserve any areas that possess features that may justify their addition to the list
of Essential Habitat Areas for L. higginsii. Areas that the original recovery plan identified as
“secondary habitat areas” for L. higginsii are likely to be among those that the Service and other
agencies will continue to assess against the current plan’s criteria for Essential Habitat Areas.

Comments (two similar comments):

(1) Essential Habitat Areas. The Recovery plan is very clear about designation requirements for
‘essential habitat areas. The Corps of Engineers relocation plan for L. higginsii will likely include
at least two sites that are nof essential habitat areas. If relocations were successful in these areas,
based on the existing recovery plan, these populations would not count towards the recovery Goal
#1. The discrepancies between these two plans needs to be addressed : :

~ (2) The draft Recovery Plan offers very detailed criteria for essential habitats If the Corps of
Engineers Mussel Coordination Team relocation plans for L. higginsii include sites that are not
essential habitat areas, would these populations count towards recovery Goal #1? Any

' drscrepanmes between these plans merit reconciliation. - - — «

4 Response: The Servrce may desrgnate additional areas as an Essential Habitat Areas for L.
higginsii using the guidelines contained in the plan. Therefore, successful relocation of L.
higginsii into an area that meets the Essential Habitat Area guidelines could contribute to reaching
the plan’s recovery goals. '

Comments (two similar comments):

m Non-human predators. This section needs to include discussion on the potential impacts on the
" L. higginsii, and other freshwater unionids, from the introduction of black carp (Mylopharyngodon
piceus). The species has already been collected in a Mississippi River backwater lake in lllinois.

(2) Under Recovery Goal 1- 5 and Pg. 34- Goal 2-1. We request that the sentence in each of these
paragraphs be changed from "... not threatened by zebra mussels" to “...not threatened by invasive
aquatic species such as the zebra mussel." The round goby and black carp have both been
identified as mollusk eaters. We also believe that a section should be added to the plan that
identifies known potential threats to Higgins' eye such as the black carp and round goby, species
now known to inhabit the Mississippi drainage. We believe tasks should be identified in the plan to
assess and address impacts from these potential threats

Response: We agree that each of these may threaten Higgins eye and have added relevant.
“information about each species to the Threats section of this plan. We have also modified some
aspects of the plan (e.g., recovery criteria) to reflect the threat posed by invasive specres in
addition to zebra mussels.

- Comment: Zebra Mussel Survivability. The Comprehensive Conservation Plan (CCP) for the Mark
Twain National Wildlife Refuge cites a study by Tucker ef al. 1997, which concludes that a 24
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hour exposure during the summer caused high mortality in zebra mussels while having minimal
impact on native mussels. This study would seem to contradict the statement in the subject
paragraph concerning survival of zebra mussels for days out of water.

Response: It is clear from this study (Tucker ez al. 1997) that zebra mussels exposed to air and
substrate temperatures of 25.6-35.6° and relative humidity of 40-52% for 24 hours are very likely
to die unless they are relatively protected (e.g., on the underside of native mussels). Zebra mussels
are presumably transported between water bodies attached to aquatic vegetation picked up by
boats or boat trailers. Zebra mussels attached to aquatic vegetation on boats or trailers would
likely be exposed to more moderate temperatures and higher relative humidity than in this study,
thus prolonging the number of hours or days they may survive outside of water. This comment
addressed the following sentence in the draft, which is part of the discussion of overland transport
of zebra mussels between water bodies: “Zebra mussels attach to nearly anything submerged and
can survive for days out of water.” ‘We changed the sentence as follows (emphasis added): “Zebra
mussels attach to nearly anything submerged and can survive for days out of water, depending on
the temperatures and relative humidity to which they are exposed.”

Comment: Development of Uniform Regulations Concemihg Clam Harvesting Methods. This
entire section is outdated, referencing that new rules will not be in place till 1998, which was five
years ago. The existing status of state mussel regulations needs to be addressed.

Response: We worked with the states to update this information.

Comment: Recovery Goals and Interim Recovery Criteria. Goal 1 (1.c.) Zebra mussel numbers
vary greatly by year. We are now seeing larger numbers of small zebra mussels, after seeing a
large die off of adult zebra mussels. The criteria for this measure is that zebra mussel densities
have not increased over 5 years. This criteria needs refinement. A similar number of small juvenile
zebra numbers and large adult zebra mussels (i.e. the same density) would have substantially
different impacts on native mussels :

Response: We refmed_this criterion in a way that should address this concern.

4

Comment: (three similar comments)

(1) Recovery Goals and Interim Recovery Criteria. It appears that the stated conditions for
recovery may well be unobtainable. With the major infestation of Lake Pepin, it is reasonable to
expect significant periodic re-infestations of the Essential Habitat Areas, perhaps séveral times,
within the twenty year requirement for L. higginsii population establishment. Therefore, in the

absence of highly significant sustainable reduction or complete eradication of all populations of

zebra mussels upstream of the essential habitat areas, recovery cannot, by definition, take place. 1
suggest that the recovery team take a closer look at the recovery goals and ObJCCUVCS and not
define recovery based solely on the Essential Habltat Areas concept.

(2) The criteria for Reclassification and Delisting are not realistic because the Prairie du Chien
Essential Habitat Area must be one of the 5 Essential Habitat Areas. Prairie du Chien is severely
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infested with zebra mussels, and L. higginsii is experiencing severe impacts at this location. So,
short of a miraculous disappearance of zebra mussel from this location, how can the L. higginsii
population at this site ever achieve a "reproducing, self-sustaining population not threatened by
zebra mussels"? I ' '

(3) The volatile and unknown nature of zebra mussels should be discussed.

" Response: Recovery of L. higginsii will depend on populations of the species in five Essential

Habitat Areas, including the Prairie du Chien Essential Habitat Area and at least one Essential
Habitat Area each in the St. Croix River and in Mississippi River Pool 14. This does make .
recovery dependent on at least one specific (Prairie du Chien) and two general (St. Croix River and

Pool 14) areas, whereas the other two Essential Habitat Areas may occur anywhere within the
* range of the species. Given the historical significance of the Prairic du Chien Essential Habitat Area

to L. higginsii, the recency of its demise, and some uncertainty regarding the future distribution
and abundance of zebra mussels in the range of the species, we will maintain the focus on this
particular area in the recovery plan. Moreover, the Service and the recovery team think that it is
important that recovery depend on the conservation of L. higginsii populations that occur in

relatively disparate portions of the species’ range. Therefore, we will retain the dependence on

recovery of at least one population in the St. Croix River and Pool 14 of the Upper Mississippi
River. We have found Essential Habitat Areas to be a useful concept for assessing the recovery
status of a species that is largely sedentary as an adult and whose populations are relatively
discrete. Recovery cannot be obtained for any species under the Endangered Species Act until the

. factors that threaten or endanger it are resolved. Zebra mussels are clearly a major threat to L.

higginsii. Therefore, the species will not be recovered until the they are no longer a pressing threat
to the spemes in a significant portion of its range

Comment: 1 think the habitat section in the original'plan should be changed to reflect what we have
noted in recent years. Specifically we have been consistently finding L. higginsii in the littoral areas -
of river channels. That is, in areas 2-4 feet deep that are colonized by rooted submersed aquatic
plants. At both Cordova, IL and at Cassville, WI we have collected more animals from this habitat
than in the gravel/sand channel areas of deeper flowing water. As currently written, the recovery
plan describes the required habitat as this deeper channel condition and speaﬁcally excludes the
vegetated shoreline areas.

“Response: We modified the plan to recognize this recent discovery of the potential importance of

these types of habitats to L. higginsii. We removed wording that specifically described habitats
with rooted plants as being'unsuitab]e for L. higginsii and summarized this recent information

Comment: According to Turgeon et al. (1998) the name should be Higgins (no apostrophe) -- or,
altemately, the use of Higgins' should be discussed and explamed

Response: The commenter is correct — Turgeon ef al. (1998) uses Higgins eye without the
apostrophe. We have modified the plan accordingly.
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Comments: (three similar comments)

(1) The East Channel (at Prairie du Chien) should not be closed to commercial clamming and yet
continue to allow up to 1000 barges/year in that Essential Habitat Area. I am not aware of any
evidence that commercial clamming by divers is harmful to this endangered mussel. The shortage
of funds and personnel gets worse ‘yearly, so it remains very difficult to know what is going on
with Upper Mississippi River mussels if hardly anyone is looking at the river, zebra mussel impacts
etc. Clammers could help biologists. Commercial clamming should be regulated some other way;
such as limiting the number of licenses in each state, so that a Clammers can be assured of a living
wage. However, if the low demand for mussel shells for export continues, then this issue becomes

a moot point.

(2) Is the decision to preclude mussel harvest based on scientific data or a political decision? We
have not seen evidence of endangered species decline resulting from harvest of commercial species
in the Tennessee River. - Is there evidence of cause-effect at a population level?

(3) Under Commercial Harvest- last paragraph. It states that little is known regarding the direct
impacts of commercial harvest on L. higginsii. However, in the Recovery Section under Goals 1
and 2 (pages 34 and 36 respectively), downlisting and delisting requires that commercial harvest
MUST be prohibited by law or regulation. Again, a threat should be identified before it is dealt
with. Recovery Task 1.7 (pg. 41) says nothing about determining whether harvest is causing an
impact. It simply goes directly to closure within all identified Essential Habitat Areas. The states
that currently allow commercial harvest that will be affected by this recovery plan will likely need
data to demonstrate a negative impact of harvest on L. higginsii before closure can occur.
Therefore, this sub-task should be added under this section and in the Task Table (as a new 1.7.1)
on pg. 41. Existing Task 1.7.1 should change to 1.7.2 and be modified to read, "If warranted,
develop regulations to prevent mussel harvest in all Essential Habitat Areas." We also believe that
the requirements for closure under the Recovery Goals (pg. 34 & 36) should be modified to
require closure if harvest is demonstrated to cause an impact on L. higginsii.

Response: Although there may be little or no available data to support the contention that
commercial clamming is specifically harmful to L. higginsii populations, it is reasonable to
conclude that clamming would threaten the species if it is allowed in Essential Habitat Areas. Hart
(1999), for example, found that commercial harvest depressed threeridge (Amblema plicata)
populations in Lake Pepin in the early 1990s. He found that if harvest exceeded “5% of the
population or if D. polymorpha infestations continue at the current rate” threeridge populations
were in danger of local extinctions. Threeridge is one of four species that Heath (1995) found to
be very common at-all known L. higginsii sites. Although it is morphologically distinct from L.
higginsii, it is reasonable to assume that clammers in pursuit of 4. plicata would madvertently
collect or harm L. higginsii. In addition, some commercially harvested mussels (e 8., pocketbook,
hlckory nut) are similar in appearance to L. higginsii. :

The Servnce w1ll monitor the status of popu]atlons and threats to their contmued existence at and
outside of Essential Habitat Areas.- Barging or other activities cannot take L. higginsii without.
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proper authorization from the Service and the Service may not authorize such take if it would
appreciably reduce the ]ikelihood of survival and recovery of the species.

Comment: There are no D. Helms references listed in the casino discussion on page 24 (of the
draft), he has done many studies at this site. 4

2 'Response: The draft plan contained only one reference to floating casinos -- i.e., as an example of
large vessels that may crush L. higginsii. Floating casinos could pose a risk to L. higginsii in -
certain areas, but we do not think that the recovery p]an needs further mformatlon regardmg the
specific effects of casinos. ' :

Comment: Leave the *?’ indncated for the Ohio River; it is Just that — a questionable location for
the specrmen B ' : R

Response: We inserted the ‘?° for the Ohio River record to mdlcate that thls represents a
questlonable locatlon for L. hzggmsn

Commenti If a self-sustaining population in Pool 14 is a minimum requirement for recovery, then
- some plan should be developed about the use of the Cordova bed. Collection for relocation and
other purposes is relatively easy at this bed and it may get over-exploited.

Response: In July 2001, biologists found that L. higginsii at the Cordova site were subject to high .
fouling densities of zebra mussels and decided that as many as possible should be cleaned and
moved to a location where they would not be refouled. As a result, they cleaned and moved 271 L.
higginsii to two locations in the Mississippi River in and near St. Paul/Minneapolis, MN. In 2002,
biologists returned to Cordova to determine if further relocation would be warranted. At that
time, biologists found more than 371 L. higginsii and removed attached zebra mussels, but did not
remove any L. higginsii from the Cordova area. In 2003, several females were temporarily
removed from the Cordova bed, used to infest fish at Genoa National Fish Hatchery for
reintroduction of glochidia-infested fish, and returned to the Cordova bed. The Service will

_continue to review proposed relocation and propagation activities on a case-by-case basis to
ensure that these activities do not harm the population in Pool 14.

Comment: Why are the Essential Habitat Areas not designated as critical habitet?

Response: In the June 14, 1976 final rule to list L. higginsii as endangered, the Service stated,
“(N)o critical habitat is presently being determined for United States species. That action, if and
when it occurs, will be a separate rulemaking.” The Wisconsin Department of Natural Resources
petitioned the Service on October 6, 1980 to designate critical habitat for L. higginsii. Although
the Service found that the petition contained substantial information to indicate that designation of
critical habitat may be warranted, it has not formally addressed critical habitat for L. higginsii.
Under current regulations, when the Service lists species under the Act it must determine whether
designation of critical habitat is prudent and, if so, whether it is feasible to determine what is
critical habitat for the species. Although L. higginsii is already listed as an endangered species, the
- Service could propose a separate rule in the Federal Register to designate critical habitat for L.
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higginsii. The number of critical habitat designations that the Service may propose and finalize in
any year, however, is limited by available funding. In recent years, court-ordered critical habitat
designations or court-approved settlement agreements have used all available critical habitat
designation funds, thereby precluding the ability of the Service to designate critical habitat
according to its own conservation priorities. If a proposal for critical habitat is prepared in the
future, it would be based on the habitat features essential to the conservation of the species,
similar to those used to identify essential habitat areas in the recovery plan. '

Comment: The statement regarding the transplanting of adults assumes it is a beneficial action
rather than an experimental strategy. It also is not consistent with recovery of parent sites as
"essential habitat".

Response: In general, the plan simply states the facts with regard to translocation of adult L.
higginsii. The inclusion of this practice under Conservation Measures may imply that the Service

~ views this is a beneficial action. The Sérvic_:e has approved the translocation of adults from two

locations in the Mississippi River to avoid catastrophic mortality as a result of fouling by zebra
mussels — at Cassville, WI (September 2000) and Cordova, IL (July 2001). This practice could be
viewed as both beneficial and experimental. The benefits of these two actions likely include
reduced harm or mortality of relocated L. higginsii caused by foulmg by zebra mussels and the
reintroduction of the species into two locations within its historical range (one site each in Pools 2
and 3 of the Mississippi River). The former assumes that the survival of the cleaned L. higginsii
would have been lower if left in the source locations (Cassville and Cordova) and the latter
depends on the successful establishment of L. higginsii populations at the reintroduction sites. .
Biologists evaluated the evidence at each site before relocating the mussels and decided that their
survival was likely to be higher if relocated to areas with few or no zebra mussels. Evidence of
survival and reproduction at the relocation site, which is presented in the plan, suggests that the
relocated mussels have not experienced unusual mortality or adverse sub-lethal effects as a result
of being relocated. Continued monitoring for several years will be necessary to determine
whether this relocation will result in established populations of L. higginsii at the relocation sites.
There are also risks of adult relocagon It is possible that survival of the relocated L. higginsii
would-have been equaled or exceeded if they had been left in place after they were cleaned of
attached zebra mussels. This may have occurred if zebra mussel densities had declined to non-
threatening densities shortly after relocation or if teams of biologists returned frequently enough
to effectively remove attached zebra mussels. When we consider re]ocatmg adults, we will assess
the current and expected conditions at the threatened sites, resources for repeated cleanings, etc.,
and the likely benefits of relocation to determine the appropriate course of action. This was done
in each case thus far and the Service will ensure that no relocatlons occur that would not help to
conserve the species. . This will be con51dered at all snes whether or not they are designated as
Essential Habitat Areas by the Service.
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Comment: (two similar comments)
(1) The following should be changed from a recovery criterion to a recovery task: “The use of -
double hull barges is required at and upstream of each of the identified Essential Habitat Areas that
may otherwxse be threatened by spills from commercnal barges '

(2) Executive Summary, item D, bottom, page ix and Narrative outline, item 1.6.1; Page 41.
There is a significant difference between the phrases "Require the use of...." vs "Promote the use
of...." A phase-in period is needed for any double-hulled barge requirement, and then may need to
be phased in by the relative toxicity of the bulk commodity in transit.

Response We modified this recovery criterion to the following: “The use of double hull barges or
other actions have alleviated the threat of spills to each of the identified Essential Habitat Areas.”

" If means other than double hull barges alleviate the threat of spills to the identified Essential

Habitat Areas, then this criterion will be met. Therefore, the criterion focuses on the alleviation of
the threat of spills and allows for some ﬂexxblllty in addressmg the threat. :

Comment: As with commercial harvest, restrictions on the collectlon of L. higginsii at Essential
Habitat Areas for propagation or relocatlon of the spec1es should be in place as a criterion for
reclassification and delisting.

Response: This type of collection is done to conserve the species. Moreover, females collected for
propagation are returned to the area from which they were removed, usually within a few weeks of
collection. The Service does not think that this type of activity is a threat to the continued
existence of ths species. ‘Therefore, it would be mappropnate to address it with a recovery
criterion.

Comment: Do not offer translocation of L. higginsii as acceptable mltlgatlon for adverse effects
caused by construction in Essential Habitat Areas.

Response: The plan states that “(M)itigation, including translocation, may be an acceptable
alternative in limited instances.” The Service will review such proposals on a case-by-case basis
and shall not allow any action to proceed that would appreciably reduce the llkehhood of the
survival and recovery of L higginsii. :

‘Comment: The revised Plan 'needs to acknowledge L. higginsii population changes since the initial

1983 Recovery Plan. Weren't some of the goals of that plan accomplished? If so, revised recovery
goals should recognize whatever progress has been made relative to the revised evaluation period.

Response: The recovery goals and criteria in the revised recovery plan are based on the current
species’ status and the current environmental baseline within its historic range. Therefore, it

incorporates changes that have occurred since the original recovery plan.

Comment: The recovery strategy proposes the removal of L. higginsii from areas where zebra
mussels pose an imminent risk, but 1 don't see comparable narrative for the three Essential Habitat
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Areas where zebra mussels have had severe impacts. Of the ten Essential Habitat Areas, three are
experiencing severe impacts and two are under imminent threat. I don't understand why removal is
proposed for the latter but not the former.

Response: The plan states that the alleviation of impacts to “infested populations” ... “may consist
largely of removing L. higginsii from areas where zebra mussels pose an imminent risk to the
persistence of the population and releasing them into suitable habitats within their historical range
where zebra mussels are not an imminent threat.” “Infested populations” refers to populations that
zebra mussels have already severely affected (e.g., populations in the three Essential Habitat Areas
where zebra mussels have had severe impacts). Under recovery task 1.1.3, the Service plans to
“Develop and implement an emergency response plan in the event of a demonstrable impact of .
zebra mussels on L. higginsii in Essential Habitat Areas.” The Service has the discretion, in
cooperation with any affected states, to also remove L. higginsii from locations where severe -
effects are imminent and cannot be prevented. This was the case in the three adult relocations that
the Service and the states carried out in 2000 and 2001. No aduit relocations have occurred since
2001.

Comment: The lack of quantifiable criteria makes Goal 1a subjective. For example (S5a), "a
sufficient number of strong juvenile year classes” is complete avoidance of the need to make a
decision based on best available science at this time. The reality is that this criterion will never be
fully measurable (p. 34), so delaying the decisions on what constitutes 'strong year class' or
'number of year classes' for adequate reproduction is not a substitute for current uncertainty to .
provide an answer. Other recovery plans have made such decisions based on best available data
and expert opinion and the recovery team for L. higginsii should do the same. Those decisions can
be revised in subsequent years, should new data become available to better quantify this criterion.

Response: The Servicé and the Recovery Team decided that the best available information at this
time would not sufficiently reduce the uncertainty associated with selecting measurable criteria for
each goal. Therefore, we decided to complete this plan revision and develop measurable criteria as
part of its implementation.

Comment: In1b (p. ‘33)‘ how was the 20 years» decided? Does the Recovery Team really believe
that they can measure €.g. a 10% increase or decrease in the population at any sne, short of a huge
and unrealistic samplmg effort to reduce confidence mtervals?

Response: L. higginsii typically comprises a:small portion of mussel communities in which it
occurs. Therefore, as this commenter pointed out, the detection of population trends with
acceptable power and precision would require a sampling efforts that may not be feasible.
Therefore, we have modified the recovery criteria to ensure that the sampling required to assess
the status of L. higginsii populations would be feasible.

t

Comment: In 5c (p. 33-34), 1 disagree that a five year status quo population of zebra mussels
constitutes a 'no threat'.to the resident L. higginsii. Zebra mussels at constant moderate densities
likely pose a chronic threat to resident unionids because of physiological stress, food competition,
space limitations, etc., such that the persistence of L. higginsii at that site is at some low level of
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jeopardy and negatively affected. What evidence exists that a constant, moderate density of zebra
mussels poses no threat to L. higginsii at a site? 1 have yet to see such data for any umomd
SpeCICS

‘Response: We agree that this criterion in isolation would not be sufficient to determine that zebra
mussels pose no threat to a population of L. higginsii and have removed the words “not threatened
by zebra mussels” from the criterion. When the Service determines whether L. higginsii may be
reclassified or delisted, it will evaluate the status of the species against all criteria (three for
reclassification and six for delisting). For example, the species’ populations must be stable or
increasing for at least twenty years for the Service to consider them for reclassification or delisting.
We do not think that L. higginsii populations and associated mussel communities under chronic
stress are likely to have stable or growing populations over a twenty year period. Moreover, the
zebra mussel criterion includes a fallback measure to ensure that populations that are not currently
- stressed by zebra mussels are not likely to become infested in the foreseeable future. The change
- in wording should avoid the perception that one portion of the criteria would be used to evaluate
the potentlal zebra mussel threat for any population. :

Comment: There are too many subjectlve narrations under this goal, such that delisting will never
be achieved. Phrasés such as, "reasonably likely to occur in the foreseeable future" and
""appreciably reduce the likelihood of", are unquantifiable now and likely twenty years from now.
The best scientific data now will not be much different from the best scientific data twenty years
from now, because the cost of data collection will only escalate to infeasible levels, even more so
than today. The Recovery Team seems to be unwilling to make biological decisions based on best
available data on L. higginsii and data on other endangered mussel species. Unless those decisions
are made, no matter what the level of uncertainty, the section on Recovery is oné of
procrastination, with a false expectation that answers will be forthcoming in the future. None have
appeared in the last ten years, nor will they in the next ten years.

Response: The phrases, “reasonably likely to occur in the foreseeable future” and "appreciably
reduce the likelihood of”, were used in the delisting criteria reference to potential human actions
that would cause significant adverse impacts to L. higginsii habitat in Essential Habitat Areas.

. There will always be some uncertainty when assessing the likelihood of future human impacts to
these habitats. Nevertheless, we have modified these criteria to reduce subjectivity and ambiguity
in their interpretation.

Comment: 1 have no problem with the concept of Essential Habitat Areas. The following
statement (p. 5) supports my concern expressed earlier: "Moreover, it is unclear how long zebra
mussels will continue to suppress native mussel communities at these sites.” This seems to
contradict the requirement of stable population density of zebra mussels for 5 years to achieve a
'no threat' status. ‘ : :
Response: It is unclear whether zebra mussels will return to the high densities that devastated
populations of native unionids in some L. higginsii beds (e.g., at Prairie du Chien). ‘Moreover, we
are unconvinced that these beds do not retain the ability to recover from zebra mussels. Given the
historical importance of the beds at Harpers Slough and Prairie du Chien and uncertainty about the
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future nature of zebra mussel impacts there, we will keep them as Essential Habitat Areas for now
and have retained the importance of Prairie du Chien in this plan’s recovery criteria.

Comment: Several of these sections are outdated, with no recent citations in the last five years.

For example, Tom Augspurger has an excellent paper on un-ionized ammonia that summarizes
recent data on unionids. There are several recent papers on Cu, Cl, and other contaminants that
are not cited. It doesn't appear that the contaminants section was updated in the last 7 years.

Response: We have reviewed the recent literature on the effects of ammonia and otheér
contaminants to freshwater unionids and have updated the recovery plan with the relevant
information.

Comment: The statement is made (p. 4) that two sites in Pools 2 and 3 have zebra mussel densities
below threatening levels. What is that threshold level and how was it determined?

Response: Malacologists inspected the current unionid communities and zebra mussel densities in
the two reintroduction sites and also evaluated the available information on zebra mussels
upstream of these sites. Zebra mussels were sparse in each reintroduction area, unionid
communities were relatively diverse, and there were no upstream concentrations of zebra mussels
likely to produce significant numbers of veligers that would drift and settle into the reintroduction
sites. No threshold level was evaluated, per se. Monitoring of these sites and of upstream areas
thorough 2003 indicates that zebra mussels are still not a threat at these sites.

Comment: I am pleased to see the efforts being made to propagate this species. This section (p.
30) acknowledges that there are no data to evaluate the success of infested fish releases. This then
brings up the question of how to objectively determine whether the populations at any of the 10
Essential Habitat Areas are stable or increasing in abundance. Release of infested fish or
propagated juveniles may be adding to the population at a site, while zebra mussels, water quality,
sediment contaminants, etc. are subtracting from the population. How does the Recovery Team
expect to decide whether the criteria under Reclassification or Delisting are achieved when releases
of undetermined numbers and unknown success will affect the overall status of the species

‘throughout its range?. For example, the use of infested fish in cages in the St. Croix River should

be adding juveniles of unknown number to the populatlon in that river. So if that population
increases to the yet undefined "self-sustaining" level, will that population be declared to be
recovered? Will augmentation of that population stop, such that 'self-sustaining' status can be

-determined? There doesn't seem to be a clear rationale that incorporates the release of fish,

Jjuveniles, and relocations (Table 1, p. 74) with the subjective criteria under Recovery. Is there any
strategy to augment some sites and not others to monitor measurable effects of these attempted
augmentations on population size? Is the goal to simply release as many as possible, even if there
is no way to determine how many and survival rate? 1 do not see a cohesive plan to mesh the
induced propagatnon efforts and their evaluation with the vague criteria proposed for the two
stages of recovery. . :

Res'po‘nse:‘Theiplan states that, “(T)here are no data to evaluate the success of the free-swimming
fish releases.” ' '
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At this time, reintroduction and relocation of L. higginsii is being done primarily by the Corps of
Engineers as part of its action to operate and maintain the nine-foot navigation channel in the -
Upper Mississippi River. The Corps’ is carrying out these L. higginsii conservation actions as part
of their operations to avoid jeopardizing the continued existence of the species and has developed
a plan to guide these activities (U.S. Army Corps of Engineers 2002). The Corps plans to establish
new L. higginsii populations at ten sites within the species” historical range. Its plan does have
measurable criteria to determine whether viable populations have become established; after
determining that a new population has met these criteria, the Corps will monitor for an additional
twenty years to ensure that the population continues to meet its viability criteria. The Corps has
released artificially propagated L. higginsii at a few sites at which the species already exists to
refine its propagation techniques. Such augmentation of existing populations is not the primary
focus of these activities. Any propagation that the Service carries out in addition to the Corps’
conservation program will likely also focus on establishing new populations within its historical-
range where the species has been extirpated or greatly reduced in numbers. Like the Corps’, the
Service would allow for a lag in time between the release of fish mfested with L. hlggmsu and a
final evaluatlon of the new populatlon s viability. '

‘Comment: On p. 74, it would be more useful to see the number of glochidia rather than the number
‘of fish caged or free-ranging, as that is a better indicator of attempted population augmentation.

Respoﬁse: Gordon (2002) estimated the rlumber of juveniles that transformed per fish for three
spe'cies used -- smallmouth bass, largemouth bass, and walleye. We included those estimates to
give the reader a rough idea of the number of juvenile mussels that may be produced for each fish

a released

Comment: I would recommend three items: 1. Determination of potential contamination of
~ essential habitat from groundwater. 2. Identification of endocrine disrupters at essential habitat. 3.
Identification of hydrologic parameters at essential habitat.

Response: Completion of task 1.5.1.6 should address potential adverse effects of contaminated
groundwater to L. higginsii. Under 1.5.2.1, the plan calls for the collection of “sediment and pore
water from areas identified as currently supporting viable L. higginsii populations™ and to analyze
that water “for a range of organic and inorganic contaminants.” If warranted, endocrine disrupters
would be included in this analysis. Hydrologic parameters may be assessed at Essential Habitat
Areas in conjunction with the identification of contaminants at Essential Habitat Areas.

Comment: It 'was good to see the inclusion of significance levels and power for sampling of zebra

“mussels and L. higginsii that are found on pages vi and 35. There is only one issue unresolved
with this -- to construct a sampling regime, the magnitude of the trend must be specified. For the
L. higginsii sampling the Service can figure this out when it defines “self-sustaining populations.”
The plan also states, however, that for Essential Habitat Areas the Service will consider them not
to be threatened by zebra mussels if densities have not increased for five consecutive years. So, it
will be important to state what is meant by “have not increased.” I would suggest that if zebra
mussels have not increased by more than 5% per year for 5 consecutive years, then the Service
should conclude that their populations “have not increased.”
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Response: When finalizing the plan, we considered this. comment and also considered changing the
‘zebra mussel criterion’ to reflect a density, as opposed to a trend, that would indicate that zebra
mussels were not a threat to L. higginsii at any of the identified Essential Habitat Areas. The best
available information seems to indicate that native mussels, such as L. higginsii, may survive in the
presence of zebra mussels at some (low) densities. The information from published and
unpublished sources, however, falls well short of quantifying such ‘safe’ densities. Therefore, if
we specified an absolute density that would be safe for L. higginsii we would run too great of a
risk of the density being impractically and unrealistically low or unacceptably high. In addition, we
did not think that it would be prudent to suggest that any increasing trend (e.g., 4%, see above) in
zebra mussel densities would indicate that they were not a threat. Therefore, we decided to use a
criterion that would allow for a site-specific assessment of the potential threat of zebra mussels to
any of the identified Essential Habitat Areas (see Recovery Criteria) without specific numeric
criteria. s

Comment: A note should be added that the apparent increased density of Higgins’ eye associated
with wing dams might be the result of both substrate suitability for mussels and their host fishes.
The host fishes may spend more time in these locations, potentral]y depositing higher densities of
glochidia in these habitats. :

Response: We inserted a sentence to point out that the distribution of mussels is Jikely influenced
to some degree by the distribution of their host fish.

Comments (three similar comments):

(1) We believe that many of the tasks under 1.5 should be considered as separate projects and
should not be included in the recovery plan unless there have been specific toxins associated with
Higgins’ eye mortality. A toxicity database would benefit all mussel species and should be
expanded beyond the Upper Mississippi basin. Costs under 1.5 comprise more than 51% of the
total three-year budget and could be better used to evaluate mussel populations, evaluate habitat —
including other potential habitats for reintroduction -- and to mitigate current and pending threats
(round goby for example) to Higgins’ eye ‘

(2) Page 24. Under Water Quahty— Sentence one of paragraph 1 is contradicted by sentence one of
paragraph 2. . If there is no documentation that water quality issues are adversely impacting L.
higginsii, then how can the plan make the statement, "The lack of information or documentation is
itself the most significant water-quality related threat.” An impact must be demonstrated before.
its significance can be evaluated. It would read more clearly to state that, "While no water-quality
related issues have been documented to impact L. higgzﬁsii,_ our lack of knowledge does not
preclude water quality as a threat. Therefore, we need to determine whether any impacts can be
demonstrated. Then continue with the second sentence m paragraph two of this section.

(3) We believe that many of the tasks under 1.5. should be considered as separate projects and
should not be included in the recovery plan unless there have been specific toxins associated with
Higgins' eye mortality. A toxicity database would benefit all mussel species and should be
expanded beyond the Upper Mississippi basin. Costs under 1.5 comprise more than 51 % of the
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total three-year budget and could be better used to evaluate mussel populations, evaluate habitat --
including other potential habitats for reintroduction and to mitigate current and pending threats
(round goby for example) to Higgins' eye.

Response: The Service decided that the potential for contaminants to be a threat to L. higginsii is
significant despite the lack of evidence that specific toxins have killed or harmed this species.
Contaminants that may threaten L. higginsii are likely to also threaten other aquatic organisms,
especially other mussels. Therefore, implementation of these tasks should occur in cooperation
with other agencies and should not rely solely on the Service’s endangered species recovery funds.
Augspurger et al. (2003), for example, state that “A need exists to work-toward standardizing the
toxicity tests for early life stages of freshwater mussels.” This is an example of a recovery need for
L. higginsii that it shares with many mussel species.

Comment: What baseline population densities will be used to demonstrate stability and increasing
densities at Essential Habitat Areas? Population levels in some essential habitats have been
significantly reduced in recent years and stability at those low levels for 20 years should signal that
something is still wrong there. Some level of population recovery, especially in essential habitat
like the East Channel at Prairie du Chien, should be required before reclassifying the species to
threatened or delisting it, unless most of the EHAs have experienced some “reasonable level” of
population recovery. Recovery levels should be defined in this plan (perhaps defined by using
recent-historical Higgins’ eye densities for each EHA.) The level of recovery that is needed to
consider downlisting or delisting should be identified.

Response: The baseline population density could be obtained at any point in time, depending on
the sufficiency of the available data. In the scenario presented above, zebra mussels or some other
factor has sharply reduced the density of a population of L. higginsii within an Essential Habitat
Area — a scenario that resembles the current situations for the species in some areas on the
Miississippi River (e.g., Prairie du Chien and Harpers Slough) — and monitoring has shown that the
L. higginsii population has been stable for twenty years. For this population to contribute to the
reclassification or delisting of the species, however, it must also have evidence of reproduction
based on the presence of a “sufficient number of strong juvenile year classes” and meet the mussel
density and diversity criteria for Essential Habitat Areas, persistence criterion, etc. Moreover, .
other threats (zebra mussels, adverse changes in habitat, water quality, etc.) must also be resolved
to allow for such a population to contribute toward a reclassification or delisting decision.
Therefore, we think that the criteria are sufficient to identify populations in Essential Habitat Areas
that are viable and that should contribute to a reclassification or delisting decision.

Comment: Section on Historical and Present Distributions- para 2. It should be pointed out that
the data presented are not based on comparable quantitative sampling since no standardized'
methods have been established for evaluating and monitoring freshwater musse] populations
involving Higgins' eye.

Response: We inserted a sentence that indicates that the available data may not allow for robust
quantitative comparisons among L. hzgglnsn populations.
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Comment: Habitat- Water and Sediment Quality Factors. At the end of paragraph 2, a sentence
should be added that the decomposition of dead zebra mussels might also result in elevated
ammonia levels. It should also be added somewhere in the larger Habitat section that the identified
affects, such as water quality or flows, on habitats also may influence their suitability for Higgins'
eye host fishes. - Those affects should also be stated where known. Under Present Threats Section
add a brief paragraph on the chemical and physical alterations that are caused by zebra mussels and
their decomposition and remnant shells on host fishes. If nothing is known about this, the
acquisition of this information should be identified in the Task Section of the plan as at least a

Priority 2.

Response: We reviewed the literature relative to zebra mussels and ammonia and added some
information about this issue (e.g., excretion of ammonia by zebra mussels). We also briefly
reviewed the literature on the effects of zebra mussels to native fish populations in North America.
This is an important area of study that we will continue to monitor relative to L. higginsii. We will
not add the specific task recommended above, however, but will address effects of zebra mussels
via host fishes under Task 1.1, “Assess and limit impact of the zebra mussel, Dreissena
polymorpha, on L. higginsii.” ‘Part of this task includes Goal 3 of the “Zebra Mussel Emergency
Response Plan”: “Minimize loss of L. higginsii in areas already infested by zebra mussels,
including restoration of habitat suitability (i.e., reducing or removing zebra mussels), where
feasible.”

Comment: Paragraph 3 under Recbvery should include langdage about the Corps’ potenﬁal to
improve conditions to benefit unionids and potentially reduce zebra mussel threats. We
recommend developing an additional Task section (2.5) to address this as a recovery option as
follows:

2.5 Examine alternatives to operation and maintenance of the 9-foot channel project to
affect zebra mussel and unionid populations. '
2.5.1 Examine flow alteration on veliger distribution. ,
2.5.2 Explore creation of new habitats by altering existing wing dams and/or
construction of new wing dams.

Response: Under section 7(a)(2) of the Endangered Species Act, federal agencies, such as the

- Corps, must consult with the Service on any action that they fund, authorize, or carry out that may
affect endangered or threatened species. These issues are the subject of consultations between the
Service and the Corps and we have chosen to not address them in detail in the recovery plan. The
recovery plan and its goals, objectives, and criteria, however, will inform and help to guide these
consultations. - . : =

Comment: Development of uniform protocols under 1.2.1 should be moved up to a priority 1 task.
Standardized protocols are essential for determining mussel densities and long term trends in the
populations. Much of the historical freshwater mussel work was conducted using simple random
searches by various methods that provide little more than presence of species captured at site
locations. Development of standardized protocols will facilitate answering questions in tasks 1.2.2
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and conducting tasks] 2.4,1.3.3 and 1.3.4. Standardized protocols for mussels and habitat will
allow for valid statlsncal compansons across time scales and among sites. : AR

Response: We agree that the development of uniform protocols is important to be able to evaluate

‘the status of L. higginsii, but we do not agree that it rises to the level of a Priority 1 task. In the

(August 2003) draft recovery plan 1 2 2wasa Prlorlty 1 task, but it is a Pnonty 2 task in the final
plan : .

Comment: Task 1.2. Consider adding a sub-task (1.2.5) -- develop criteria to define a stable
attendant musse] community within essential habitat areas.

Add a sub-task (l 2. 6) -- develop indices for growth and mortahty to help define populatron status

‘accurately.

Response: Essential habitat areas used as a basis for reclassification and delisting decisions must
include a total mussel density of >10/m2 (Upper Mississippi River). or > 2/m2 (other rivers) and

" contain at least 15 other mussel species, each at densities greater than 0.01 individual/m2.

Although these criteria may not be sensitive to trends in mussel abundance and diversity in EHAs,
populations of L. higginsii must be stable or increasing in an EHA to contribute to reclassification
or delisting of the species. Because L. higginsii is relatively rare, it is difficult to quantify
population trends. Therefore, evaluations of the trends of L. hlggmsn populatlons will rely in part
on trends of sympamc species’ populations.

Comment: Under Tasks 2.2- We believe these tasks should be increased to priority 2. The plan
does not mention any task to enhance natural contact between Higgins' eye mussels and natural
fish hosts. One of the limiting factors may simply be lack of mussel/host contacts for glochidia
transfer within their natural habitat. Comments by Miller and Payne (1996b) on the value of wing
dams for Higgins' eye and other mussels may be more indicative of fish holding habitat than true
mussel habitat preferences. Areas that concentrate and hold fish for extended periods of time will
likely have more mussels due to glochidia released from fish.

There is no mention of developing strategies for host fish stability, protection or enhancement,
such as the regulation of fishing tournaments or the creation of fish refuges. We beheve this
should be mc]uded as additional tasks- priority 3.

Response: Seven fish species from three families are suitable fish hosts for L. higginsii (Table 3).
The diversity of these species and their relative abundance in the Mississippi River system does not
support the contention that L. higginsii are threatened by limited availability to fish hosts.

Comment: Consider adding a task to develop an alternative preservation plan for Higgins' eye‘ '
mussels either through hatchery salvage or introduction into non-historical locations as a safeguard

measure if this plan’s primary efforts to save and recover the species fail.

Response: Such an alternative plan does not seem warranted at this time. The Service will

continue to monitor the status of species and of any new threats to its continued existence. 1f such
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drastic measures seem warranted, the Service will act on the best available alternatives to prevent
the extinction of the species.

Comment: Introduction (p. 3): The last sentence under “Taxonomy and Systematics” mentions
that there is still some controversy surrounding the taxonomic status of L. higginsii. It is unclear
how significant this controversy is when an earlier statement said that “most malacologists agree
that L. higginsii is a valid species.” A recovery action does suggest a need for further study. It
would be helpful to provide additional explanation about the controversy as to what additional
questions need to be asked, or whether a second review, similar to Johnson (1980) should be done.

Response: The Priority 3 task, “Examine the morphological, conchological and genetic differences
between L. higginsii and L. abrupt”, is sufficient to address any current uncertainty about the
taxonomic status of L. higginsii. - .

Comment: There is no mention after the introduction about the threat of another flood. It would

be helpful to address this threat again, even if there are few recovery actions that can be taken to

prevent weather-created flooding. Since the impacts of the 1993 flood was a major factor in the |

recovery plan’s approach to flood impacts are, i.e. is there a need for additional actions, or are no

revision of the plan as stated on page 1 of the document, it should be clarified as to what the }
actions necessary because L. higginsii have survived OK as demonstrated by 1993 flood, etc. }
’ ) |

Response: Floods are not generally regarding as a threat to L. higginsii, although they are likely to

- modify the species’ habitat roughly in proportion to the magnitude of each event. The Service

commissioned several studies after the 1993 floods due to the great magnitude of this event.
These studies corresponded to the initial invasion and population growth of zebra mussels in the
Upper Mississippi River. The severe impacts of this invasive species and other factors, not floods,
are the recognized threats to L. higginsii.

Comment: Criteria #3 under Goal 2 (p. 36), use of double hull barges: There is little argument /
documentation for the requirement of double hull barges earlier in the recovery plan. On p. 24, the
plan states that “Harm to L. higginsii has not be documented as a result of a single contaminant
spill or short-term contaminant episode, but such episodes have been strongly implicated in mussel
die-offs elsewhere.” Additional explanatlon of why double hull barges is a must should be added
to the document or else this recovery criteria should be reworded. Perhaps, “the threat of spills
from commercial barges has been minimized through regulation or other actions, i.e. use of double
hull barges, upstream of each of the identified Essential Habitat Areas.”

Response: We changed this criterion to: “The use of double hull barges or other actions have
alleviated the threat of spills to each of the identified Essential Habitat Areas.”

' Comment: Narrative Outline (p-37-42): The Executive Summary and lhtroduction section of the

plan state that the Twin Cities Field Office will retain an up-to-date list of Essential Habitat Areas
and post it on the Internet, however there is no recovery action that cites this action.
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Response: We added the following task (1.3.6): “Maintain an up-to-date list of Essential Habitat
Areas and the supporting data for each at the Service’s Twin Cities Field Office and make this
information, or a summary thereof, available through the internet.”

~ Comment: The recovery plan states that the list of seven Essential Habitat Areas identified in the

original recovery plan will remain and an additional three EHAs will be added to a current list of
ten EHAs (p. 5). It is unclear as to why action 1.3 is needed, “Confirm and modify the list of
seven Essential Habitat Areas in the initial recovery plan”. It seems that this action item should be
retitled “Maintain a list of Essential Habitat Areas.” Action 1.3.1 should be replaced with “Post
the list of Essential Habitat Areas on the Internet so that is it eas:ly avaxlable to partners and the
public.” : ‘ : : :

Response: We modified Task 1.3 to state: “Maintain a list and an ongoing evaluation of Essential
Habitat Areas.” Under this task, the ten Essential Habitat Areas recommended in this plan will be
evaluated and additional areas will be added; the guidelines contamed in the plan will be used to
evaluate potentza] new Essential Habxtat Areas.

Comment: (p. 37): It is unc]ear why the zebra mussel emergency response plan will “determine
whether, and how, L. higginsii essential habitat areas should be redefined.” This revised recovery
plan is stating that it accepts the original 7 plus adds 3. What redeﬁning is needed?

- Response: The list of Essential Habitat Areas will not necessarily be static, but will include only

those areas that the Service, in consultation with the Recovery Team, has determined are of utmost
importance to the conservation of the species. Zebra mussels are one of the key factors to assess
and monitor, including native mussel density and diversity, the geographic extent of the Essential
Habitat, and other threats, to ensure that each site that we have designated as an Essential Habitat
Area still maintains this importance to L. higginsii.

Comment: 1.3.2.1 (p. 38). It is unclear if this is one task or two? Could there be more than one
EHA within Pool 10.0r are the other areas to be identified as EHAs outside of pool 10?

Response: This task was changed to the following: “Survey Pool 10 to determine whether
additional Essential Habitat Areas may be identified in this pool.” '

Comment: 1.7.2 (p. 42): 1.7.1 already recommends that mussel harvest no longer be permitted in
EHAs so should this recovery actlon be to review ex15tmg harvest regulatlons for areas outside of
EHAs‘7

Response: We changed this task to the following: “Review existing harvest regulatibns and make
recommendations to the USFWS and the States on any regulations needed out51de of Essentlal

Habltat Areas i

Comment: 2.1 (p. 42): This action calls for fanking existing populations for enhancement but the

step-down actions only look at non-EHAs. I recommend adding a recovery action to “prioritize

existing EHAs based on data collected under 1.3.”
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Response: Task 2.1 is meant to apply to areas that do not meet the guidelines for Essential Habitat
Areas. Therefore we changed it to read as follows: “Identify and rank potential sites of existing L.
higginsii populations for enhancemeént.” The sub-tasks are unchanged from the draft.

Comment: The Tumbling Creek cavesnail recovery plan (actions 6-8 and their subtasks) and the
Lake Erie watersnake recovery plan (action 5 and its subtasks) include additional recovery actions
such as revising the recovery plan when needed, convening a recovery implementation team, and
developing a post-delisting monitoring plan. 1 recommend adding similar recovery actions to this
revised recovery plan.

Response: We added the following tasks to the plan:

3 Update, revise, or add to the plan to keep it current and useful.
4 Develop a plan to monitor L. higginsii after it is removed from the list of Endangered
Species.

We did not add a task to convene a recovery implementation team. An active recovery team is in
place that will assist the Service with the implementation of the recovery plan.
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