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ABSTRACT

Lampreys are anof the two jawless vertebrate groupengnat ha. The adul t 6 s
shorter than the | arval s Theyaee eithdrin panasitic ormk n own a
or nonparasitic forms. Brasitic adults attach to other speciety onthe blood or fleslof the
hosts andnon-parasitic adult die after spawning. Therelile historical data otampreys
because ammocoetes é&ler feeders who are in the sedimeatd captures of adults were all by
chanceThe objectives | achieved in this study werguded 1) Compile all existingPA
historical data (prior ta99@s) of lampreys and creatéatabase and distribution maps for each
species; 2) Sampihistorical sites for native lampreys in 2011 by using backpack designed for
ammocoetes, documematchanges in lamprey communities at the watershed scale; 3) Cetiduct
substrate sampling at sitethere ammocoetegerepresent, analyzksubstrate size prefred by
ammocoetes; 4) Identifiezbllections to species, compdithe current data and historical data to
see the presence and absence of native lamprey species and value the changes iindistribut

In Pennsylvania, 7 species were found historically. They anmgpetra aepyptera
Lampetra appendjtchthyomyzon bdellium, Ichthyomyzon fossor, Ichthyomyzon greeleyi,
Ichthyomyzon unicuspis, Petromyzon marjragong whichl. fossorandl. unicuspisare
endangeredndother speies are in concern. In 2011, &teams were inspected, 18 creeks were
sampled by using an ammocoete backpack -shocker
Lampetra aepyptera,dmpetra appendix, Ichthyomyzon greekayilPetromyzon marinusere
found in 14 creeks statewide. Lampreys were extinct at some sites because of flow regulation,
channelization, poor water qualignd chemical treatments. In tributaries of Lake Erie, Sea
Lamprey treatment might be a major r@aso the population declining of other natsfgecies
Substrate size and water velocity are the most important factors determine the presence and

absence of larval lampreys, sdstrate samples were collected at 5 sites where ammocoetes



iV
were present. Bfierences on size of the sediments were found between lagspoesand nor
lampreyspots Ammocoetes prefer smaller sized substvéité particle diameter less than
0.25mmin shallow,warm waterswith dissolved organic mattefhis study elaborated the current
status of different larval lamprey species amtlcated that their distributional range is shrinking
and there might be a declining trend of native lamprey spaltlesugh abundance survey was

notimplemented
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Chapter 1: Research Background and Motivation

Life history of lampreys

Lampreys (Petromyzontiformes) are of significant ecological, @lleurd economic
importance (Handty 1986a; Renaud 1997; Kelly and King 2001; LucasBends 2001), and
they play an important role in the health and balance of the fresh water and brackish water
systemghey inhabit A definitive lamprey specie$jayomyzon pieckoensigas discovered from
the midPennsylvanian (about 280 million years af®gardack and Zangerl 1968). Because
| ampreys have so many Apr iasmplte envieriment, thiemight t er i st i ¢
show us what our @estors were like when they had a simple life form befolenizing amore
complicated environment

Theimplicationof t he Apr i mi t i v eamtedsby their simplehabitap r ey s i s
Sometimes people might regadaimpreys as primitive du® the jawless condition, however they
also rely on the preyarval lampreys have an efficient method of filtexdisng but perhaps the
simplicity of their digestive system derived from their simple life style (Barrinfy8gi).

Although they hava hundred million yeahnistory, they are still abundant and probably are more
plentiful than other fishes in many riveysgems. As larvae, they occupy important niches (Young
1935).

Parasitic lamprey preynoother fish species, such as salmonidsl|e lampreyeggs and
larvaes are also preyed by benthic fish species and birds, raccoons, etc. So they play an
importantrole in fresh water systesn

Abundance and distributiasf native lampreys have changed through time due to water
quality degradation. Such degradation can be attributed to input of waste water, landscape

alternation, such as construction of dams ands,catthropogenic activities such as recreational
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fishing or agricultural land and irrigational needs. Native lampreys in Great tediesappear
to be declining regionally (Neave et al. 20(f)d this decline may be associated with efforts to
control the invasive Sea Lamprey using the chemiigadpricide 3trifluoromethyk4-nitrophenol
(TFM) (Steeves 2003). Asrasult, nativdampreys, specificalljchthyomyzon foss@nd
Ichthyomyzon unicuspibave been given special conservation status in Great bag@s\While
multiple sources of lamprey data are available, no reliable distribution document of either species
has been published due to the difficulties in capturing adults and erroneous identification of the
ammocoetes. To understand tisure of theehanges in their distribution and abundanicis
very important to address the historical patterns of each species

Lampreys are Agnatha which is the sistieade of all Gnathostomatged vertebrates).
They lackjaws and pelvic finsandthe dorsalfins have no dermal rays. They are well known by
their eetike body shape and twstage life cycle, including an extended larval staggfor the
nortparasitic speciea relatively brief adult stag@lardisty 197 Instead of jawdoth parasitic
and norparasiticadult lampreys may have a very well developed oral disc, with teeth on both
tongue and diswrhich nonrparasitic ones ude lift pebbles for their nests. May and June,
adults aggregate together in clean, freshwaterraréa spawn. Adult lampreys build nests on
pebbles and cobbles in headwater streams. After the eggs hatch, larval lampreys flow downstream
to wherevesilty substrates found usually it is shallow, clear and slowly flowing wat&hey
canstay on this leval stage for up to seven yeand_ake Erie, and even longer in other Great
Lakes, depend on different speciasdthenbegin to transform into adult in August. There are
two different forms as adult, parasitic form wihiceeds to prey on othshesand nonparasitic
form which do not feed atl, just spawn and die within sironths. Parasitic species attach and
feed on different hosts, and this process may last-foydars to grow bigger and mature before
spawning, and they might be divided intootdifferent categories: anadromous, which is to feed

at sea, and those are restricted to river syst&imnonparasiticspecies havkess developed
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tooth patternsguring transformation into the adult phase, digestive tract becomefsimctional
and thegonads mature. All lampreys are semelparous, meaning that they die after they spawn for
the first time.

Ammocoetesthe larval phase of lampreliave a completely different appearance and
characteristics of adult | ampreys. The most
pattern is the burrowing response. This process initiates bylikhipontractions of the tail, and
then forcing he head vertically down to the substrate, their tails are sensitive to light, which could
make sure they are fullyuriedin the substrate with tail laid horizontally over the surface
(Sawyer1959). Oncéouried the body is arched so as to bring the stomwards the surface
(Potteret al 1970). Secretion from the gill slits and mouth build the wall of the tube in the
substrate, so that the water could enter in. Instead of oral disc, ammocoetes have an oral hood at
the entrance into their oral cavity whiguarded by a ring of oral tentacle. Waters enter into their
body through the tentacle, and the pumping action and contraction of their bronchial area help
water pass out of the body through gill slits. They filter feed on detritus, algae, organicametter
grow for 37 years before their metamorphosis into adult lampreys. During the transformative
period of 12 months, lampreys develop eyes which are absent for ammocoetesidaniiy
oral disc, fins and other adult characteristics.

Lampreysare one bthe most primitive vertebrateShe early fossil recordateshack to
280 million years ago, discovery of a definitive lampilayomyzon pieckoensisom mid-
PennsylvaniaAn assemblage of lampreys walso found recovered from a coal strip mine about
50 miles southwest of Chicago, lllinois (Bardack 1968¢hardson and Johnson (19idicated
that the fossil may suggest these animals were deposited in a coastal deltaic area of fluctuating
marine andreshwatersNo matter what standard is employbthmass global distributionpr
survival through such a long period of tintlkeere is no doubt that lampreys are among the most

successful groups of animals. This success is not only owed to the profrasiecater laral

di



stage, but also the parasiife form out in the ocean for some species. The morphological
changes that occur during metamorphosis are so radical that ammocoetestwiemified as

the larval stage of lampye until the middle of meteenth century@hman 1971 Adult lampreys
are preyed upon in fresh waters by other animals, and their eggs are preyed upon by a wide
variety of fishesand birds (Renaud 1997 ome species such Bstosphenus tridentatyPacific
Lamprey) and_ethenteron camtschaticufrctic Lamprey) are eaten lyative Americangas

food (Renaud 1997).

Although lampreys include both parasitic and fpamasiticforms (Nelson 2006)most
lamprey species are nguarasitic. Becausenadromougarasitic lampreys spend most of their
life, usually 1¥2 ~2v2years (Hardisty and PottéB71) feeding in marine systenthey areoften
by-catch along with their hosts. Foonparasitic lampreys, life as adsis even shorter, only
laging 3-6 months wihout feedingTherefore examinng the presence and abseméadult
lampreys is nosufficientto document the status of the populatiofls species of lampreys, no
matter parasitic or neparasitic allhavea distinct larval life stage lasting from73years
(Hardisty and Pottel971;Beamish and Austin 1985; Burr and Shasteen 2007; Smitt),20
burrowing into the substrate feeding on detritus, bacteria, and algae (Beamish and Austin 1985;
Sutton and Bowen 1994; Beamish and Lowartz 19B@&@reforejt is crucial to investigte

habitat selection acimmocoetes

Systematic reviewof lampreysand their worldwide status
Lampreys ar@ow generally recognized as 3fdrent families: Geotriidagylordaciidae
in Southern Hemispherand Petromyzontidae restricted in Northern Hemisphere. Within
Petromyzontidae, there are about 40 species in nine g&lenacteristics vary a lot between

Southern Hemisphere and Northern Hemisphere (Tigble



Nine lineages have been identified by Cezand Hubbs in 1922, which are
Ichthyomyzon, Petromyzon, Caspiomyzon, Eudontomyzon, Okkelbergia, Lampetra, Lethenteron,
Entosphenus, Tetrapleurodo@ill et al (2003)recognized eight generand theywere unable to
comment orOkkelbergia Most of whathave known about lampreys all over the world is
organized in a4&olumn book The Biology of Lampreys edited by Hardisty and Potter (1971
1982). 8 of the 34 recognized lampreys were described by Vadim D. Vladykov and his
colleagues.

Lampreysaredecliningthroughout the worlthecause of flow regulation, channelization,
and poowater quality as well ashemical treatments (Close 2002). Habitagpawning streams
has been changed by stream regulaB@amish and Northcote (1989) discovered that the
constructions around Elsie Lake in British Columbia prewshyoung feeding adult Pacific
Lamprey from going to the sea and also impede the spawning lamprey reaching the spawning
areaMost lamprey species are distributed in European countries and the popuksiosported
declining recently. Now in 23 European countrleanpetra fluviatilis, lampetraplaneri,
Petromyzonmarinusare protected by law (Bern Conservation, Appendix IIl). In US, A lot of
species are endangered or threatened national wide or at least in some states.

Species that are endangeredhoeatenednclude:

Ichthyomyzon bdelliufOhio Lamprey): endangered @hio (Ohio Department of
Natural Resources 1990); rare in Maryland (Miller 1972)

Eudontomyzon marig@krainian Book Lamprey): endangered in Poland (Witkowski
1992), sharply declining numbers in the Ukraine and Moldavia (Pavlov et al. 1985)

Ichthyomyzon astaneugChestnut lamprey): endangered in Nebraska and rare in Kansas
(Miller 1972); threatened in lowa (Roosa 1977)

Ichthyomyzon foss@Northern Brook lamprey): endangered in lllinois (lllinois

Endangered Species Protection Board 1994); vulnerablenadagLanteigne 1992a)
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Lampetra fluviatilis(European Rer Lamprey): endangered in Europe (Lelek 1987);
extinct in Swizerland (Pedroli et al. 1991)

I. greeleyi(Mountain Brook Lamprey Threatened in Kentucky (Burr et al. 1990)

L. appendiXAmerican Brook.amprey: Threatened in lowa (Roosa 1977); Threatened
in North Carolina (Rohde et al. 1994)

The reasons for the endangered or threatened status of the above species are due to loss of
spawning and larval habitats suffering pollution or alteration of streams in sand extraction,
damming or irrigation projects (Renaud 1997). So examination of fhdaiimn and habitat
selection of different speciestise first crucial step for lamprey protection, then after that we
could investigate the degradation of their living environment.

Studies of lamprey status and their habitat preference by local na¢isies were done in
Europe and other states in US. However less was found in Pennsyyaeaiaf my objectives is
to conducta survey of Pennsylvania native lampreys and their current statiesfically to broad
our knowledge

According tte historical dtg seven species were reported from Pennsylvania in 3
genera: Least Brookdmprey Lampetra aepyptedaAmerican Brook Lampreydmpetra
appendi}, Ohio Lamprey lchthyomyzon bdelliumNorthern Brook Lampreyi¢hthyomyzon
fosso), Mountain Brook Lampreyichthyomyzon greeleyiSilver Lamprey Ichthyomyzon
unicuspid, and Sea Lampreyétromyzon maringsSilver Lamprey is considered distinguished
in Pennsylvania; Northern Brook Lampreythe endangered species classified by PA Fish and
Boat Commission; the population of other species is also diminishing now.

The exotic parasitic Seaampreys Petromyzon marinusiight be a significantrigger
that led to the degradatiaf the native lamprepopulationin Lake Erie drainage. In 1930s, the
first invasive Sea Lamprey was introdudetb Lake Erie, and in the next few years, it migrated

into the othelGreatLakes. In 1955, Great Lakes Fisheries Commission was charged to formulate
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and implement aomprehensive program for the purpose of controlling Sea Lamprey population.
Mechanical and electrical weirs were used as weh@mmpricide TFM (3trifluoromethyt4-
nitrophenol), the most frequently used chemical poi$brs chemical treatmerdecimatednot
only the invasive Sea Lamprewyt alsonativelampreyspecies throughout the Greatles
tributaries The distribution of native lampreys hasenaltered, and their populations are
declining nat only because of invasive Skamprey but alsdecause of othemthropogenic
influences (Close 2002). For example, hydropower dams can delay or restrict migrations of
adults, and turbine entrainment or screen impingement can Kill juvenile lampreys.

Becausehey are one of the most primitive specibgjr statudas beestatic during the
last million years andow their declining status & concernThe purposes of this study are to
clarify the status of native lamprey spectesexamine the historical recardf native species in
Pennsylvaniaand alsasamplehistorical sites ofampreysto determine theurrentdistributional
patterns

Lampreys are widely distributed in both Northern &udithern témispheres on the 20
annual isotherm (Hardisty and Potter 1971). Although predominantly linifrgshwater they
can tolerate saline watasthey were foundn western Mediterranean (ca. 3-88%) and
Caspian Sea (15 PfLanzing 1957). Generally, anadromous lampreys are larger than the non
anadromous forms and disperse wid&lgtromyzon marinusccurs in North American, northern
European and Mediterranean watersheds while freshwater parasitic lampreys have a relatively
restricted distribution, generally within a single large drainage basin, such as the three species in
genusichthyomyzomvhich ae limited in tributaries of the Gulf of Mexico, Gulf of St. Lawrence
and Hudson Bay.

Lamprey systematics are based on the abundance, arrangamastitength othe
lingual and oral distooth series, the numbksesf myomeres (number of blocks of skeletnuscle

tissue count from the last gill aperture and cloaca), and the degree of lateral line pigmentation



(Regan 1911; Creaser and Hubbs 1922; Vladykovatidtt 1958). Both anadromous and
freshwater species are found in PA.

Native lampreys ardistributed in the major drainage basins thatérse Pennsylvania
(Figurel). Early collections by Dr. Cooper and Dr. Stauffer documented the diversity and
abundancef lampreys in Pennsylvania and other states, and the specimens arendtwedeenn
State Fish Mgeum. Earliest lamprey specimi@nind in museumvas inthe 1930s Surveys
conducted by researchers and agerfc@s time to timeprovide evidence that 7 native species
are now present dradat least once occurred in PennsylvaBia.oneof my objectives was to
assemble a database of each native lamprey species in Pennsylvania that spanned approximately

the last 70 years, document the changes in lamprey community

Research objectives

Given their unique life cycles and behaviors, their long history, it is very important to
investigate their success of evolution, behavior and current status worldwide. The goal of this
project is to study distribution and habitat preference of lampreipéwhe state of
Pennsylvania.

Unfortunately, few records of lampreys in the state of Pennsylvania exist. Most records
are of larval forms because the adult stage is so short. Where records of adults exist, they were
often taken by chance as they wetadted to a host that was the target of study. Although more
information is available for the larval phase, there is still a lack of information as ammocoetes are
so well hidden in the substrates of freshwater streams, that it is difficult to find thdrtland
efforts was put into developing effective sampling gears. As such, one of my objectives of this
research was to assemble a database of historical records for each native lamprey species in
Pennsylvania based on available information that spannedxamately the last 70 years, in

order to document the changes in lamprey community. Habitats and water qualities at those
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historical sites where lampreys have not been found for decades may have altered which are not
suitable for lampreys anymore, thenef in order to know their current distributional status, the
key objectiveof this study was to examine the current distribution of native lampreys at the
historical sites which have not been sampled for at least 20 gedigydate theidistribution
This study also qualified substratewhichammocoetes/ere foundoy conducting substrate
sample at the sites where ammocoetesrepresent. Burresearch objectives were undertaken:

Compile all PA historical data (prior to 1980s) of lampreys and credédase and
distribution maps for each species.

Sample historical sites for native lampreys in 2011 by using backpack designed for
ammocoetewhich is the larvae form of lampreydocument changes in lamprey communities at
the watershed scale.

Conduct sultsate sampling at sites where ammocoetes are present, analyze substrate size
and physical factors preferred by ammocoetes.

Identify collections to species, compare the current data and historical datarmine

the presence and absence of native layngpecies and value the changes of distributions.

General gpproach

Geographic informatiosystem(GIS) is a powerful tool capable of displaying,
organizinganalyzing spatial dat@gsaakandHubert, 1997), and is becomingwidely used in
fisheriesscienceWith the combination of the relational fish database@l®) | could easily
create maps dhe geographic changes of the distribution. Attribute tables linked to maps in GIS
system could also help to simplify the distribution changes through Kime=over, the
distribution data are more convenient to integrate with other land use data, facilitate a wide range
of investigations (Angermeier and bailey 1992, Isaak and Hubert 1997). Current database could

be easily imported into GIS system and itnisre efficient to analyze various factors affecting the



10
distribution of native lamprey species through GIS. In my study, GIS is utilized to visualize the
changes of the distribution, examine the status of each species and compare the historical and
extentdistributional patterns of indigenous lampreys. Fish records from the Pennsylvania Fish
and Boat Commission; the Pennsylvania State Univeegity MuseumCornell University; PA

Natural Diversity Inventory Databasesre assembled to complete this research

Data resources

For this study| obtainedhistorical fish recordérom: the Pennsylvania Wild Resource
Conservation Program; the Pennsylvania Fish and Boat Commission; the Pennsylvania State
University; Cornell University; Dr. Edwin L. Cooper; Dr. Jay R. Stauffer. The earliest data was
from 1930s, but most data was after 199%even native lamprey species were found in the
database: Least Brook Lampreya(npetra aepyptedaAmerican Brook LampreyLampetra
appendi}, Ohio Lamprey lchthyomyzon bdelliumNorthern Brook Lampreyi¢hthyomyzon
fosso)), Mountain Brook Lampreyi¢hthyomyzon greeleyiSilver Lamprey Ichthyomyzon
unicuspi$, and Sea Lamprey€tromyzon marin)sMost collections were adult lampreys
captured with other host fish or during the spawning season in head waters. Because adults have
distinctive tooth armagements on theral discsjdentification of adult lampreys is well accepted.
For those ammocoetes collected with the adults at the same spot, the previous collectors
comparedther morphological keys of ammocoetes with the adaitd,if they matchtheyput
lampreysin the same jar and tggdthemasthe same spees.For those ammocoetesllected
without any adults, they were just identified to genus level based on the shape of their dorsal fins,
colors and also the counting of the myomeres. In thebdag, locality, latitude and longitude,

capture date, collector, numbers of individuals, and creek name were recorded (App&)dix A
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Discussion
There were 568 valid historical collections of lampreys in my database (Appef@)x A

invalid records were those not identified to species or those did not have any locality information.
For datafrom the Penn State Universifish Collection) was ableo verify identificationsin the
museum. Information for the collection was on the labels inside fish jarsintidatedsite
recordwas valid. tis a reliable place if we want to check back later bmigsingdata could not
be obtained| did not indudethem.Of the568 recordsmostwere reliable excefihe exact
locality information was not availablEor example]chthyomyzon bdelliurwas found in
Oswayo Creek in Potter Co. on 1996/8/5 by PFBC, but beyond that, no more details were offered.
In this circumstance, | pinpointed the site on the middle point of the creek inside the county, and
extracted the lat/long from there. A lot of soft descriptions of localities were found in the
dat abase, such as fAunder t hewasnerydifficbltto dge d or Abe
visualize on map or even they are no longer exist. In this case, if the site was among those ones |
sampled in 2011, | checked on site and revised that to a solid description, otherwise | pinpointed
at the closest point to the routedreek.Thelat/long may not be accurate enough, but at least it
indicated the presence and absence of the specific lamprey species in that stream. The typo on
locality wasanother annoying problem while this was processing, sometimes it took hours to
figure out the actual location, and later on data could be reviewed or validated by looking at
recent collections. Again, since my objective was to look at the presence and absence of native
lampreys in Pennsylvania, | did not sumiathe abundance of easpeciesAlthough no
abundance study was conducted, we could still predict their general declining status all across
Pennsylvania by looking at their presence and absence compared to historical data. From the
distribution map of each speciésyasable tosee the overall status of each species, and detailed

information could be inspected in GIS system, by clicking the site on theDatpappears as
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indicated in the Appendix’husGIS has an integrated output system which makes it easy to

check overall distribution and specific field records of each site back and forth with one interface.
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Chapter 2: Characteristics of Native Lamprey Speciesin Pennsylvania

Endangered, threateneahd candidate species will be mentioned. An endangered species
is one that is at riskf extinction. Threatened species are any species which are vulnerable to
endangerment in the near future. Candidate species are ones which could achieve endangered or
threatened status in the near future. In first paragraph under each species, morphological
characteristics were described, among which teeth structure of adult lamprey were the very
important keysFigure 2clarified names of different teeth structure of adults. A distributional

map was attached for each species after the description.

Lampetra aepypteréleast Brook Lamprey)

Characters

Small nonparasitic lamprey with 2 deeply notched dorsal fins68Xuswally 53-69)
trunk myomeres. Poorly developed teeth; anterior intermediate t@hlateral intermediate
and posterior cirumoral teeth absent, lateral circumoral tooth gre8fgasually 2); supraoral
plate with single large tooth per end; infraoralpsi59. Transverse lamina usually fleshy
(Jenkins and Burkhead 1994). Light tan to silgeay above; yellow or white below; yellow or
gray fins. Spawning adult darker grey to blackened. Adult size abel@@Om TL. Maximum

ammocoetes size 180mm TL (PagelBurr 1991).

Habitat and Biology

Least Brook Lampreys prefer clean, clear gravel riffles and runs of creeks and small

rivers which contain significant deposits of mud, musk, sand, and dé8ith 2011). They
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spawn from mieMarch to early May in WV iad MD (Schwartz 1959, Rhode et al. 1976). They
move pebbles with their mouth to build their nests. The ratio has been observed as 1.38 males to 1
female in WV (Holbrook 1975). Adults dienmediately after spawningakval stage existfor
5.4 years omverage. Transformation begins in Augdgte diet of the ammocoetes is assumed to

be zooplankton and vegetation.

Distribution

Lampetra aepypters distributed on the Atlantic Slope from Susquehanna River
drainage in southeastern PA to the Neuse Rivenafya, NC; Mississippi River basin from
western PA to south central MO and northern AR, and south to northern AL; also inhabits the
Mobil Bay and Pascagoula River drainages in GA, AL, and MS (Page and Burr 1991). In
western PA, this lamprey has been mpd from the Ohio River drainage in Allegheny,
Armstrong, Beaver, Butler, Fayette, Indiana, and Westmoreland counties. It also occurs in a small

area of the Susquehanna River dagje in southern Chester Courfgygiure 3.

Status

Least Brook lamprey is curently classified as a candidate specieBA(PFBC 2006).
During a 2003 survey, it was collected indig of 19 historic waterways sampled, including as
many as 35 individuals per statiollthough insufficient data wasvailable to compare
populationnumbers between historic collections and those obtained during this survey. It is
apparent that thettgas been little change in the Least Broakriprey's status over the last few
decades (CriswkP003). Most of collections weillected in the southwesh part of PA and a

few in Chester County. The status is considered as secure now.
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Lampetra appendiXAmerican Brook Lamprey)

Characters

Small nonparasitic lamprey with deeply notched dorsal fin; and generati§4aBunk
myomeresNot well developed teeth; anterior intermediate teet&;dateral intermediate teeth
absent; posterior circumoral teeth minute, usually forming a single row numberi# Eteral
circumoral tooth groups 3 per side, usually bicuspid. Transversedamitim 711 cusps, medial
one enlarged (Jenkins and Burkhead 1994). Generally gray, olive, or brownish above; usually
becoming darkened as spawning season progresses; and light gray below; dorsal fin tan to yellow

(Page andBurr 1991).

Habitat and Biology

The American Brook Lamprey prefers small to medimmed creeksand isless
frequently observed in large streams and rivers. Clear water is preferred and adults choose sandy
and gravelly riffles or runs to spawn, while ammocoetes prefer deposit afigiltand deitus
(Jemkins and Burkhead 199&pawning starts in April and lasts for more than one month.
Adults could be collected in PA as late as May 30 (E. Cooper, field notes). The water
temperatures rangefrom 8.715.5 €. Average adult lamprey tegth or mass differed
significantly among streams, but there is no significant difference between males and females.
The nest is an ovahaped depression 380 mm long, 10425 mm wide, and 250 mm deep

(Becker 1983)These &mpreys spawn in groups {14 individuals. A male attaches to the head
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of a female, which is attached to a rock at the head of the nest. Adults die after spawning. Newly
hatched larvae drift downstream, where they burrow in sand or silt detritus in runs and pools
which have slow ater velocity, and stay as ammocoetes fauafive years (Smith et al97Q

Hubbs 1925).

Distribution

It is widely distributed in Atlantic, Great Lakes, and Mississippi River basins from St.
Lawrence River, Quebec, west to Minnesota, south to Roanoke Ristem, Virginia,
Tennessee River system, northern Alabama, and St. Francis and White river systems, Missouri
and Arkansas; Martin River (Arctic basin), Northwest Territories, to Ugashik and Chatanika
River (Pacific basin), Alaska; uncommon (Page and B991).This species isestricted to the
northwest and southeast corners of Pennsylvania, where it inhabits the following drainages
Lake Erie, Allegheny River, Genessee River, and Delaware River. Has been collected from
Crawford, EIKk, Erie, ForesMcKean, Potter, Venango, and Warren counties, as well as from the

White Clay Creek drainage in southern Chester Cofligure 4.

Status

Numerous records are present in northwestern part of PA and a few have been collected

in Chester County, and the poatibn has not fluctuated in the past decade. Currently, it is

considered as secure; although it is classified as a candidate species by PFBC (2006).
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Ichthyomyzon bdellium(Ohio Lamprey)

Characters

Parasitic lamprey with single slightly notched, undividedsal fin and bicuspid
circumoral teeth. Trunk myomeres-63 (usually 5861 in PA). Sharp, wellleveloped disc teeth;
usually 23 supraoral teeth; infraoral cusp4d.@ (most frequently 8); teeth in circumoral row 19
22 (21); teeth in anterior row3 (4); teeth in lateral rows-10 (8); bicuspid circumorals-E0 (8).
Transverse lingual lamina moderateongly bilobed. Adult size 12259 mm TL (Hubbs and
Trautman 1937). Adult color slatgray to yellowishgrey above; fading to lighter on belly; black

spos (pigmented lateral line organs) present on upper half of (Rabye & Burr 1991)

Habitat and Biology

When n parasitic phase, Ohio Lampregcurs in medium streams and rivers, but may
enter smaller streams to spawn. Unattached adults are found maiffieruns with gravel,
cobble, and rubble substrate. Ammocoetes live near debris in muddy pools and backwaters. Ohio
Lampreys spawn in mithte May inPA, sometimes in the company of the smaller,-parasitic
Mountain Brook Lamprey (Cooper 1983). Maturitycurssuccessfully at a minimum length of
200mm TL (Hubbs and Trautman 1937). Spawning occurs in a pit, usually in riffles with gravel
and rubble subsdte, in open areas or concealed under a large rock. THaneneggbkatch, and
the larval form lats about 4 years and one month. Transformdiemins in late July or early
August, and lasts about 21 months. Adults die after spawning when they air® gkars old.

Host fishes for all lampreys include paddlefish, carp, sucker, black bass, catfish, madtom, darter
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and others (Jenkins and Burkhead 1993).An ®hio Lampreys have been found attached on
Northern HogsuckemHypentelium nigricans Redhorsé&uckers floxostoma carinatuim
Smallmouth Basd\icropterus dolomie)y Walleye Sander vitreus European CarpgQyprinus

carpio), and Rainbow Trout@ncorhynchus mykis¢Cooper 1983).

Distribution

It is distributed in théhio River basin from southwesteNew York to northeriN and
easternll, and south to northeriL (Page and Burr 1991). In PA, it appears in Allegheny River
drainage, where it is most abundant in the northwestern section of state near the Great Lakes area

(Figure 9.

Status

This species is widely captured in northwestern PA throughout the Allegheny River
drainage in Cravord, Venango, Erie and Warreounties. It was frequently collected in1960s
and after 2000. In the 1970s, the population fluctuated, but fewer collectionsondrested It is
currently listed as a candidate species by PFBC (2006). Cooper (1983) stated that the Ohio

Lamprey was in no immediate dangePiA.
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Ichthyomyzon fossofNorthern Brook Lamprey)

Characters

Small, nonparasific lamprey with single, notched dorsal fin and unicuspid circumoral
teeth. Usually 562 trunk myomeres. Weakly developed teeth and small, blunt disc teeth;
diameter of oral disc smaller than body size; supraoral cuggadually 2); ifraoral cusps4.1;
teeth in circumoral row 125; teeth in anterior row-3; teeth in lateral rows-8; bicuspid
circumorals absent. Transverse lingual lamina strongly bilobed. Adult sizé®dm TL
(Hubbs and Trautman 1937). Adult color gtaypwn on lack and sides; belly whitiqftage and

Burr 1991)

Habitat and Biology

Northern Brook Lampreynhabis smaltmedium sized streams. Substrates include sand,
gravel, mud, and silt. Spawning has been oleskonly in midlate May in PA Ammocoetes stay
in thelarval period for 36 years. Transformation begins in August or September and is
completed in December. Individuals may decrease in length by 10% after they finish

transformation.

Distribution

It is found from the St. Lawrence River drainage in Quebet thesugh the Great lakes

and northern Mississippi River basins to the Red River, Hudson Bay drainage, southern
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Manitoba; also localized in the Ohio River basin of northwe$éynwesternVA, easterKY,
IN and OH also Missouri River drainage in®(Pageand Burr 1991). In R, Northern Brook
Lamprey is found in Conneaut Creek drainage in Crawford and Erie counties (Cooper 1983)

(Figure6).

Status

The population of Northern Brook Lamprey is extremely rareAnwith just a few
records from Congaut Creeland Temple Creek irotinty Erie and Crawford. Cooper (1983)
collecteda few individuals in Conneautr€ek during 19604970s. Conneaut Creek, including
the section occupied by this species, hanhgeriodically treated wittampricide3-
triflouromethyknitrophenol (TFM) in an effort to control the invasive species sea lamprey
(Petromyzon marinysn Lake Erie since 1986 (Klar and Young 2003). It is now regarded as the

endangered species by PFBC (2006).

Ichthyomyzon greeleyiMountain Brook Lamprey)

Characters

Small, nonparasitic lamprey with a single, undivided slightly notched dorsal fin and
bicuspid circumoral teeth present-65 trunk myomeresvioderately weldeveloped disc teeth;
supraoral cusps-2 (rarely 4); infraoral cusps¥2 (usually 810); teeth in circumoral row 124
(usually 21); teeth in anterior row33(usually 4); teeth in lateral rows®b(usually 78); bicuspid

circumorals 711 (typically 8). Transverse lingual lamina moderstt®ngly bilobed. Adult size



21

105161 (usually 11450) mm TL (Hubbs and Trautman 1937). Color dark olive on back and

sides, often mottled; belly whitigPage and@urr 1991)

Habitat and Biology

Mountain Brook Lamprey prefedear and clean higbradient little runs. In R, they
frequently occur in stocked trout streams. Ammocoetes are found in the substrate of sand, mud,
and debs in pools and backwaters. In Pgpawning occurs over gravel asahdy substrate in
mid-late May (Raney 1939). Males and females construatgst for spawning. Peak nest
building and spawning happen in during railernoon hours (Raney 1939). The adults die
immediately after spawning (Schwartz 1959). Mountain Broakjr@y sometimes spawns in the
same nests as Ohio Lampreys (Cooper 1983). Larval period lasts for dbgeaars, and the

whole life cycle is 46 years. Transformation begins in August, and lasts forl400days.

Distribution

It is localized in Ohio Rivedrainage from southwestern New York to northetn(Rage

and Burr 1991). The Pennsylvania distribution includes the Clarion and upper Allegheny River

drainages, including French Creek, and Neshannock Creek in the Beaver River dfamage

7).

Status

They are present in Crawford, EIk, Venango, Erie, Forest, Jefferson, Lawrence, Mckean,

Potter and Mercer counties which are generally northwestern part of PA. The adult is the only
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life stage which can be identified to species with confidence, colleafahs other stages could
just be classified dgshthyomyzommmocoetes. Field surveys conducted in 22045 by A.
Turner, Clarion University, and recorded Clarion River drainage asfdhe anreported

locations.Mountain Brook Lamprey is currently ted as threatened species by PFBC.

Ichthyomyzon unicuspigSilver Lamprey)

Characters

Parasitic lamprey with single, undivided dorsl fin and unicuspid circumoral teeth. Trunk
myomeres 4565 (usually 4%2). Teeth on oral disk well developed; supraoral cuspsd);(1
infraoral cusps 8.1 (average 7.8); teeth in circumoral row2% (average 19.2); teeth in anterior
row 2-4 (usually 3); teeth in lateral rows8(usually 67), bicuspid circumorals 0 (rarely2).
Transverse lingual lamina moderatery strongly bilobed. Adult size 1688 mm TL (mature
adults 2058328mm) (Hubbs and Tuaman 1937). Youngex d u Vetlowi$htan,with light

pigmentatioron bellyanddarkon backdarkerthroughspawning periogPage an@urr 1991)

Habitat and Biology

Feeding adults are found attached on larger fishes in large rivers and lakes. Adults
migrate upriver to spen in gravel riffles and runspamocoetes inhabit sandy, muddy pools
which have organic debris that is fieem clayey materials. Spawning occurs in April and May
in Lake Erie tributaries when the water temperature reaches 10°C; the larval stage mag last 4
years (Scott and Crossman 1973). Transformation begins in August and is finished in next spring.

Thosemetamorphosing in Ohio drift downstream and enter Lake Eire in late April, May, and
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June (Trautman 1981). The parasitic lampreys have been found attached on Northern Pike,

Paddlefish, Common Carp, Lake Sturgeon, White Suckers, and Catfish (Becker 1983).

Distribution

It is distributed from the St. Lawrenc@reat Lakes basin from Quebec to southwest
Ontario and south through upper Mississippi and Ohio River basins to central Tennessee; also
isolated records in M, MS, and NE (Page and Burr 1991). It is recorded in Pennsylvania only

rarely from a few Lake Erie tributariéBigure8).

Status

On 24 May 1987, PFBC personnel captured a specimen in agwanap in Crooked
Creek, Erie CountyPSU 1951). US Fish and Wildlife Serei personnel have also reported a
few collections from Erie County tributaries during the period 1B885. In 2004 a specimen
was collected in Crook Cregkince it is an ammocoete, it could be misidentifigte population
of Silver Lamprey delined sigificantly after 1900pefore that abundant have been reported in
the Ohio waters. It has not been clearly classifiet as figure B shows, it is obviously one of

the rarest species irAP
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Petromyzon marinugSealLamprey)

Characters

Large, parasititamprey with dorsal fin by a deep notch into two fins. Trunk myomeres
63-73. Curvel and sharp teeth well developed; circumoral teetth9; bicuspid circumoral teeth
8, supraoral cusps 2; infraoral cusp$@ lateral cusps-9. Transverse lamina bilobevith 14
cusps (Jenkins and Burkhead 1994). Ammocoetes gray or brownish on upper sides and back;
paler ventrally; transformed individuals bluighay dorsally grading to white ventrally; purplish
sheen on the sides; adults generally dark brown or bladallly and lighter brown to yellow

ventrally(Page andurr 1991)

Habitat and Biology

Sea Lamprey prefaol and deeper water in Great Lakes and ammocoetes burrow in silt
and mud deposits in sluggish sections of streams filter feed on algae and pr¢kdéaoee and
Beamish 1973). Migrations begin from March and they may travel more than 460 km upstream to
spawn. Spawning begins from May and reaches a peak #atait/lay in the Delaware drainage
(Bennett and Ross 1995). Spawning occurs in nests irsniffilh sand or gravel substrate and the
temperatures range from-PBC. Transformations of larvae to adults begin in July and
completed by late October. Transformers include 1®@ mm TL for Great Lakes and 1260
mm TL for Atlantic Slope populations @hion and Stauffer 1970, Beamish and Medland 1988).
They stay in larvae stage foisdyears and they can live up to 8 years (Beamish and Medland

1988). They die after spawning event.
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Distribution

It is distributed along the Atlantic Coast from Labradotti® Gulf of Mexico in E,
native to Lake Ontario, Lake Champlain, and several New York lakes, and introduced in other
Great Lakes; also Atlantic Coast of Europe and Mediterranean Sea (Page and Burr 1991, Bryan et
al 2005). In R, it is native to thd®elaware and Susquehanna River drainages and introduced in
the Lake Erie drainage, where we have taken it as far upstream in Conneaut Creek as
Conneautville, Crawford County (Fowler 1940, Cooper 1983, our data). We are aware of only
one modern record frothe Susquehanna River drainage250 mm specimen was attached to a
large rainbow trout@ncorhynchus mykiss caught by an angler from Hary
County on 24 May 980 (E. Cooper field notesyea lampreys entered Lake Erie via the Welland
Canal , which was completed in 1829, but apparently did not move into the lake for nearly a
centuryi the first Lake Erie record is from 1921 near Merlin, Ontario (Dymond 1922). They
were reported in 1936, 1937, and 1946 from lakes Michigan, Huron, andd8upespectively

(Applegate 1950, Smith and Tibbles 198Bigure9).

Status

It is now regarded as a pest and has a negative impact on game fish stocks, especially
Lake Trout Salvelinus namaycusiontrol programs haveduced theipopulationsize TheSea
Lampreyhave been widely collectedroughoutDelaware drainagevhile it is considered
extirpated from the Susquehanna River in Pennsylvania as a result of the constructions of

hydroelectric dams. A few records are present in the tributarieskefErie.
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Discussion
However, only loolng at the distributiorof native lamprey within the political

boundaries of Pennsylvarimnot good enough tvaluateheir general statug.heir rare
distributionin Pennsylvania might beaused by the degradationvedter quality or the fact that
their range in PA is just a corneftheir whole occurrence in Ushich indicates thahe limited
distribution and abundance naswhighly relied on the nearby geography and their historical
distributionnational wide or een international wideBy looking at Figure Sigure 13, we could
see the current status of lampreys in other stat®ibnited Stated east Brook Lamprey
(Figure 10) issecure in most middleast statesuch as Kentuckyrennessee, Marylantecause
Pennsylvania is on the northeast corner of their whole distributitre 1S, it makes sense that
they are widely distributed in southwest PA and they are vulnerable because they are at the
boundary of the range. In general, their status isypsetture in US, large populations were found
in Kentucky, Tennessee, Alabama, Missouri, Mississippi, and Maryland (NatureServe 2007).
Figure 11 indicated that distribution range of Ohio Lamprey is shrinking both within the state and
outside the state whiaghay indicate potential population deditsecure status was found in
West Virginia, KentuckyandTennessedn Pennsylvania, it was once occurred in Jefferson and
Indiana Co. which is not any more now (NatureServe 2003). Mountain Brook Laisprey
distributed in eastern states, and it is vulnerable in most of theseistdueing the red colored
states oNew York, Ohio, West Virginia, Alabamandorange colored states like Pennsylvania,
Virginia, Kentucky and Georgia indicate (NatureServe 200Thicuspiswere found irthe
upper Mississippi and Ohio River basins, before 1900, it was widely spréaOhio drainage
within Pennsylvania. However, due to hydrologicgdirological dams and other artificial

constructionsinstreammp e d e d | aatipnrthe popuatiomdeglined dramatically.
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Among the 34 lamprey species described in the Northern Hemisphere, ten are

endangered, nine are threatened, Although various agencies and authors have investigated either
adult lampreys or ammocoetes, not toagneollections are recorded in either of these databases.
Because most of the adults are captured accidently with other fisfevasdrveys of
ammocoetes were conducted. Comparing historical redofdssorandl. unicuspisare very
rare and they anender special conservation statlugreeleyiis a threatened specids;appendix
andl. bdelliumare both the candidate species (Candidate species are plants and animals for which
the US Fish and Wildlife Service (FWS) has sufficient information om Hieiogical status and
threats to propose them as endangered or threatened under the Endangered Species Act). Among
the factors that reduce the abundance of native lampreys, Sea Lamprey control efforts might be a
very significant one in Erie tributarieBennsylvania is neighbored with Lake Erie. Sea Lamprey
control program is executed by the Great Laksebdfy Commission in 1955 and wonkgh
Fisheries and Oceans Canada, the U.S. Fish and Wildlife Service, and the U.S. Army Corps of
Engineers. Sea Lamgys were treated with lampricide TFMH{&luoromethyt4-nitrophenol) to
kill larval Sea Lampreyn about 175 Great Lakes tributaries. In those areas where TFM is not
affective, such as the St. Maryus River and other lentic areas, different lampgriaidéar
Bayluscideis used. The Great Lakes Fishery Commission has successfully reduced Sea Lamprey
populations in the Great Lakes by 90%. Lampricides are not harmful to other fish and mammals,
and a typical treatment tek 4872 hours every 4 yeasgveralkimes, so the short lived
invertebrates could recover between treatments. Unfortunately it is toxic to other lamprey species.
American Brook.amprey and Silver Lamprey adéstributed in Lake Erie tributariedsq so this
program could wipe out any of tsenativelamprey species in the tributaries. On Maj,12011,
Conneaut Creek, Crawford Co. was visited right after the treatn@nimplemented. The water
was yellowishpnly one ammocoetes eithHerappendixor P. marinuswvas collected while the

local peopldaold usthat there were plenty of them before the treatment.
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Chapter 3: Sampling of Lampreys

Introduction

A continuous intensive sampling of both ammocoete and adult lamprey is crucial to
assess lamprey populationtsig lamprey fisheries managemendendangered lamprey
conservation (Moser 2007). Over half of ditivelamprey species are considered endangered or
threatened in at least a certain area of their range (Renaud 188ulatidrs of native lampreys
aredeclining due to various reasons, such as habitat degradation or reduction asreatirent
to controlSea Lamprey in Lake Erie ardduch of the available data on lamprey distribution and
abundance were collected during surveys for oikbes. Sanipg adults idifficult. It requires
preliminary study of migration times and spawning habitataahspecies. Trapping of migrating
lampreysis conducted in areas where they are concentrated, such as dams and weirs (Moser
2007). Finding lamprey nestssalrequire knowledge of spawning times and appropriate water
guality (Takayama 2002; Jang and Lucas 200Bgrefore, insufficient biological information of
adultlampreyss due to little knowledge g dul t s® spawni ngitheabitat and
Furthemore the status and distribution of ammocoetes are incomplete becausearthey
themselves in the sediment which makes the samptingpletely different to adult sampling

Multiple protocols and sampling strategies have been developed depending ontdiffere
species, their life stage and sampling objectives. Most collecting methods were developed during
efforts to eradicate the invasive Sea Lamprey irLtheentianGreat Lales aea (Braem and Ebel
1961). Morris (1987) designed a doullmnel trap in which lampreys entered the trap
accidentally while seeking an upstream passage. Philip and(3a04) also set up a portable Sea
Lamprey assessment trap designed by Schuldt and Heinrich (1982) below the DePere Dam, and
the catches were enumerated severagiper week. Slade et al. (2003) quantified |aBes

Lamprey by using direct current backpack electrofishing ift&abnf wadable areas. An
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electric beams trawl, which combines a stedunted net, has been successfully develémed
American Brook Lampy, Northern Brook Lamprey and Silver Lamprey (Mclain and Dahl
1968). Bergstedt and Genovese (1994) designed a deep water electrofishing device to stimulate
emergence of larvae from the substrate. Lampreys sp&ngars as ammocoetesrrowed in
the subsate. For parasitic speciebgtadult life of parasc forms span about-2 yearsfor non
parasitic lampreys, it isnly 3-6 monthswithout any kind of feeding action¥herefore,
ammocoete sampling is much more important to know the distribbigmause all ammocoete
species spend most of their life in freshwater system, their presence and absence or distributional
change may better indicate freshwater quality or stream structure change through time.

Classifying and quantifying habitat within teudy areaverethe mosimportantsteps in
assessing ammocoete distributiéls.the ammocoete sampling going along, | realized that
ammocoetes only present at certain type of substrate. From published papers, | found out many
factors have contributed the distribution and survival of ammocoetes. Typically, the perfect
substrate for ammocoetes is comprised mud, silt, sand, clay, with a large percentage of organic
material (F.W.H. Beamish and S. Lowartz, 1995; Hardisty 1944; Baxter, 1957; Schroll, 3859).
by inspecting these factors at historical sites, and comparing with published data, we could at
least get an idea that whether the cause of declining is the habitat degradation or not. In Europe
and other states in US, substrate evaluations of ammeduatéat for different species have
been donePH, waterconductivity are all very important indicatarthe abundance of
ammocoetegMoser2007) Severaktudies have focused different factors affect the
distribution of ammocoetgsuch asubstrateyrain size, organic content, water hardness,
temperature, stream class, water velocity and permeability (hydraulic 2007; William, 1994).
Among these factors, substrate grain size and water velocity were the most important indicators
of ammocoetes abundan(Sugiyama and Goto 200R)ost anmocoets prefer small substrate

size (<0.5mm); high organic content (10.8%) (William 198%#wever other variablgg.g.
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shallow water depth (80cm); slow water velocity 00cm) (Sugiyama 20013re all very
importanton larger spatial scales (Moser 20@Hpwever in Pennsylvania, | did not see any
relevant studies of substrate sampling. Therefemductedh survey in those streartisat had
ammocoetes present, and ledlat the difference between the ammocoete spatreon
ammocoete spot to see the differences which may help us further more in conclualirkier
of habitat they prefer. This information should allow researdbetter predict the distribution of
ammocoetes in Pennsylvania.

Particle size ofubstrate might be one of the most important factors. It not only
influences the respiration of ammocoetes but also the substrate porosity. Manion and Mclean
(1971) did a research dtetromyzon marinysound out that abundant of ammocoetes were in
the sibstrate of which the particles are less than 0.5 mm. Kelso concluded that ammocoetes
preferedsubstrate size between 0.2 and 2mm. Potter et al. (1986) identified chlorophyll a,
macrophyte roots, and loiangle shading are very important characteristi¢hérdistribution of
Australian lamprey larva&eotria australia Water depth (Malmqgvist 1980), water temperate
and stream gradients influemt@mmocoetes distribution (Baxter 1957). So am@ération of the
benthic habitat sizis necessary to knowammoe t esd® di stri buti on pattern
eaters and live under the detritus.

My objectives were tosampleammaocoetes at the historical sites in Pennsylvania which
have not been sampled recently, to update the presence and absence statudahpetiye
species in Pennsylvania, aedaluatesubstrate sizeo compare théenthic habitatvith

ammocoetes and without ammocoetgthin the same water system
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Methods and materials

Historical data integration

| obtained the historical native lamprey sites from several different organizations as listed
in next sectionand | condensed all data into the Arc/Info 9.3 GIS Software, which | used to
create the distributional thematic map. There were about 1000 collections of historical lamprey
records in the database, among which only 567 collections were valid, whicthasgeomplete
records, the other ones were missing any kind of locality information which could not be mapped
in GIS system. Even among the 567 records, only a very small percentage had latitude and
longitude data recorded. For those sites which havadatiand longitude information, | imported
them directly; for those which only have locality information, | located the sites on Delorme and
Google Earth to generate the | atitude and |l ong
Pennsylvania State UnivetgiFish Museum, the majority of them only had catalog numbers in
file, so | selected the specimens from the shelf based on the catalog number in the database, and
transcribed the locality on the tag in jar and then extracted latitude and longitude deda bef
imported them manually into the database. For example, there was one collectonpetra
aepyptera n Dr . Cooperds notes conducted in 1978 an
locality was Hodgsons Rnibutary to Big Elk Creek, Chest€o., 1.5 mile SW of New
London, PA. So | located the town New London in Delorme, and | used the measuring tool and
located the site in the creek which was 1.5 mile southwest of the town, then extracted the lat/long
from Delorme while at the same time utjt into the database. | verified their locations with the
latest literatures describing the range if there is any found published. For those ones only have a

creek name and county name, | located the point in the middle of the creek within the county. |
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the following section, characters, preferred habitat and general biology of each native lamprey
species in Pennsylvania were provided; distributions in US and status in PA of each species were

also described.

Site selection

| retrievedthe informatiorof historical sitegrom multiple resource$othpublishedand
unpublishedFor some sites, latitude and longitude data were reported in the field notes, however,
for the majority of historical sitethesedata were lacking. For historical sitegssing heir
latitude and longitudd used site descriptions to locate the sites on Delo@nee located, |
extractedhelatitude and longitude data from the digital méghen all of thehistorical sites
weremapped (Figuré3), most of them wertcated in Akgheny River Drainage excdpt
those with native Sea Lampreill the historicalcollectionswerefrom the 1930s to 200&nd
wererecorded in the databag&ppendix AG, species specific)

The endangered speciesithyomyzon unicuspandichthyomyzoriossorwere rarely
recorded in PATherefore | samplethe streams where they were preshistoricallyregardless
of location.Becausdchthyomyzon fossas anendangered species listed lynRsylvania-ish
and Boat ©@mmission, the onlywo creeks in the databas€onneaut Creek in Crawford County
and Temple Creek in Erie Counteg detailed information frigure6; Appendix B)were
sampledichthyomyzon unicuspis ararely recordedpeciesn PA, thereforCrookedCreek in
Erie Couny (Figure 8 Appendix D) washe onlysitewherethey were foundluring1987 and
2004respectivelyso it was sampled

Among the native lamprey species in Pennsylvdraaypetra appendix, Lampetra

aepyptra, Petromyzon marinasdichthyomyzon bdellim arecandidate speciekhthyomyzon
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greeleyiis threatened speciddistorical siteswith at least two differermative lampreyspecies
presenbefore no matter what their status are right meveselectedas the sampling site$he
historical sites were rastted in Allegheny River drainage, Ohio River drainafeDelaware
River main branchand a small area along the boundary of Susquehanna River dra&inagey
sites which had only one speci#g®sehadnot been sampled for at least 20 years were selected.
Due to the samplingomplexityand cost, clustered sampling was appliEach ceek was
regarded as a single site, because my goal was only to see the presence and absence in each creek
| did not do ay abundance samplin§o my sampling sites werBRaccoon Creek (Eire County),
in which Petromyzon marinuandLampetra appendirmight potentiallybe collected; Oil Creek
(Crawford County) witHchthyomyzon bdelliumndLampetra appendigresent, East Brah of
Oil Creek (Crawford county) withampetra appendigndichthyomyzon greelepiresent; Blue
Eye Run (Warren County) witlththyomyzon bdelliumandLampetra appendigresent;

Woodcock Creek (Crawford County) witththyomyzon bdelliurandLampetraappendix
present; Spring Creek (Warren County) witmpetra appendigndichthyomyzon greeleyi
present (Figurd4; Appendix H. Fourteen creekwith just one historical species were selected
(Figurel4; Appendix H. They wereElevenmile Creek and Mill Cek in Potter County, east
branch of Tionesta Creek and south branch of Kinzua Creek in Mckean County, west branch of
White Clay Creek and Hodgeson Run in Chester County, Martin Run in Elk County, Bull Creek
in Allegheny County, Crooked Creek in Indiana @ Shannon Run and Little Pucketa Creek
in Westmoreland County, Raccoon Creek in Beaver County, Mountain Creek in Fayette County
and Delaware River at Porterlaristorical species at each séed information of the
collections were summarized in Appmix H.

In 2011, 21streams were inspected, among which 18 were sampled to determine the

current status and distribution of lamprelgecause three of them were not accesdilsigrveyed
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as closeas possible to the historical GB&ordinates. ldwever, localities were selected based on

accessibility and site conditions.

Substrate collection

In May and Jun@011, substrate samiplg was conducted at five sites (TaB)eAt each
site, theproceduravas performed at a twentyieter sectionwhichthe length wasverlapedby
or in betweerthe ammocoetes substrate sgotd the width was stream widffihe goabf this
design was to analyze and compare the differences between the ammocoete substrate and the
nearby random substrate under the simiteysical and chemical water system, such as the same
stream gradient and water hardnésthere wasa particularlyfigood spot in the streamvhere
ammocoetes were abundant as samplingas considered thea good substrate sampling site
Thecreek neded to be fairly at least 5 metevith a gradual substrate change, cobplbble
like substrate in center of the stream and sasilty sediment toward the banke that
ammocoetes could find more sandy and calm water to burrow. dowrost cases, orsiddewas
adeep bank on which higher plamtgre presentandon the other side it is more like a sandy,
low gradient bank. | did not samptlee headwateren whichthe width was less than three meters
and ammocoetes wefeund cross the width of the strea

Twenty meters o& substrate sampling section was lined up at each site which overlapped
the spots where | found ammocoetes or in between two ammocoetes spots. Substrate at each of
these ammocoetes spots was sampled. Then | drew a site map on pgpemgaidd with 1m by
1m units on top of the sampling area on the map. Three random units were selectad, and o
bucket of substrate was colleci@ikhe center of each uitiy using the substrate sampler (Figure

20).
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Lids were put on the buckets during the transportafibe.sampler wag0 cm high for
total length, 12 cm for neck length of the cylinder shaped aluminum tool with two handles at the
side toward to the upper mouth.éltliameter of the upper mouth was 8@ and it wasecked
down to 15 cm of the lower neck. For most of the ammocoetes speés goft and sandy, so it
waseasy to drill the sampién. when it reached the upper edge of the pnestoppedn orderto
get the same amount of substratead site Then, a shovel was ustmlexcavate the substrate
from the sampleinto the bucketHoweverthe substratéor the random sample wasore like
cobble and pebblehich would stoghe sampler on its way dowtherefore] hadto pick the big
rocksoutand intothe bucket usingny hands. Theubstrate sample for each spot wasipto a

small bucket with a lid

Lamprey collection techniques

Most ammocoete collectiarrelyon the use oibackpack or shorbased electrofisher in
streams wittwater depth less than 0.8m (Moser, 2007). For juvenile sampling, the backpack
electrefishing methodin either single pass (Almeida and Quintella2002) or depletion sampling
(Pajos and Weis£994) ismost frequently used. It is a two stage metfavdoth hallow water
and deep water sampling. Fira90-125 V directcurrentwith a 1025% duty cycle is applied at a
slow rate of Zoulses/s to bring ammocoetgs from the sedimeribllowed bya skipped pulse to
help emerge the ammocoetes. In shallow watersétond step is followdxy captuing the
ammocoetem dip nets or seinesloweverin deep water it is coupled with trawls (Moser,
Butzerin and Dey. 2007). Other actiwapture gearand methodsvereapplied tog suchas using
ashovel or suction dredge to pump out ammocoetes from the sediment (Kainua and Valtonen
1980; Beamish and Youson 1987; Ojutkangas 1995) or towing nets to collect migrating

ammocoetes.
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The backpack Wisedto collect ammocoetes wasETS ABP 3(Enimeering &chnical
service) made byhe Penn State Universitpr . St auf f elf).dtbadonlgbne ( Fi gur e
channel and two probes with mesh on the diamond shaped.gyodsingthis, it waseasy to
scoop the ammocoetes up as soothag were seetklectrofishng relies on two electrodes
which deliver current into the water to stun fish. The current runs from the anode to the cathode.
One of the probes is anode and the other is cathode, so both of them have to be in the water
work. Thebackpackcould be turné on by toggling the switch under the meter box. It has a
pulsed DC system designed especially for ammocoete, and the voltage was betiweba 0
125volts, depended on different conductivity. A lot of the ammocoete sites wérey iorder
streamsso, the conductivity wasow and the resistance was higtherefore the voltage was set
higher to @t a higher current which ranffem 2-4 ampere. The duty cycle was about 20%, and
the frequency was either 3 pulses/s to draw the ammocoetes out from thatswS80 pulses/s
to shock them after them emerging from the sediment.

The other spare backpack was Sraftitiot LR24 which haitwo channels and the
frequenciesvere set upo the same value dse ETS ABP 3 Figure16). The probe is anode and
tale iscathode. Burst of pulses could be selected by push the pulses type éndtdnvas set-2
2. The 22 setting producedteepulses/gollowed up by a skipped pulsehichis an appropriate
frequencyshocksammocoetes up from the substrateund out thatthe ammocoetesere
shooting up from theesliment andhentrying to burrowthemselves into the substrate with
vigorous contractions of the taiiijl and Potter 1970). Then right after any ammocoetes
surfacedthe frequency wasnmediatelyswitched to 30 pulsésto immobilize the ammocoetes.
Theammocoetes werttenmoved to the bucketontainingstream water.

Before each collection, | did a visual observation of the Shewater was not too high
or too low,between 0.2Lm, | would conducthe backpack samplirigespective of the substrate

type The physical conditions limited most sites to stream margins of sandy subbstated
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boththe upstream and downstregrartionsof the historical sites and then selecakdd0Om-200m
sampling setion with a combination of different substrate typkalso samplethoththe center of
thestreamsand bank sided sampled a minimum of 100ihtherewereany ammocoetes found;
if none were founth the first 100m] extendedny sampling length to 200rejther upstream or
downstream of the historical sites.

All captured lampreys were kept and anesthetized using MS 222, preserved in 10%
formalin in the field, and after one weelgsed andransferred to 70% ethahfor permanent
storage irthePenn Stat&niversity Fish Museum. Lampreys have anlia body, andvould
bendwhenpreserved iformalin, whichhinderedmyomere countingnderthe microscope.
Therefoe, | cut PVC pipes withdiametergangingfrom 10mm20mm irto pieces to fit in the
plasticjars. A different sites, appropriat@mbination of pipes were boumnagether with zip ties
and put in the jars filled withi0%formalin (Figurel?). Each individual was slid into gipe,so
that they would be straighin thelaboratory, adults were iddified to species based on their teeth
structure; ammocoetes can seldom be identified to species with confidence due to the lack of
teeth development, so in most cases they were identified based on the number of trunk myomeres
blocks of muscle tissue algrbody, or the adults found dhe same locatiowere use@s

reference.

Substrate drying and sieving

Dried substrate was sieved to determine the substrate size by weight. In the laboratory,
each licket of substrate was dumped oatbaking tray and dried at 1€0 for 24 hours.
Immediatelyafter the substrate was taken out from the oven, it was sieved byausthgf
standard series of sievpduced by FishieScientific Company (Figur2l). The 12 copper

sieves stacked togeth&nd had a diameter 8icm anda depth of 5cmandthe mesh size
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decreased from top to the bottofte aperture sizes, from top to bottom wk2e7mm, 8mm,
4mm, 3.35mm, 2.38mm, 2mm, 1.68mm, 1.4mm, thd® 1mm, 0.85mm, and 0.25mm

The residal materialafterbeingdried containedobbles, pebbles, debris, and-siky. |
crushed the dried substrate in the tray #aedcontents were dumped on the top sieaéso
brushedoff the sandhat stuckon the big rockinto the sieves, so that when | pickedhig ones
it would have a minor influence on the resufttirred the substratsith a stick, andhook the
whole set of sieves very hard to ibe substratdrop through the apertures, agath size class
wasweighed on dargemechanical scale whesstmated to benore than 10g, or thee small
electronic scale ithe sample wakessthan 10g (Figure 22 Sieved fractions, as well #se
material which passed through the last sieve were held by a plastic tray, and it was weighed along
with the last trayas <0.25mm diameter material

Classification of particle sizes was modified by dividing the substrate into different
categories as following: cobble/pebble, >=8mm; gravel, 20mm; coarse sand, 1.4r2mm;

median sand, 1myh.4mm; fine sand, <1mm.

Results

Sampling ofammocoetes

Twenty-onecreeks were inspecteldampreys were captured at fourtesites within
Pennsylvania (Tabl2; Figurel9); four creeks were sampled bub lampreys were captured
(Table3; Figurel9). The threeemaining sites were visited but not electrofistesther because
of ahigh water levethat was not suitabli®r backpack electrofishing, dow water with cobble
substrate in which lampreys wenalikely to be present (Table Figurel8). For example,

Raccoon Creek wagery turbidand deepthick vegetation covered half of te&geamwhich was



39
inaccessibleAdditionally, ahistorical site ithe West Branch oWhite Clay Creek had its
headwater om private farmThe streanwas only 12 meters wide with no clay or sand like
substrat€Figure18). Two auxiliary collections were provided by Rich Taylor in 20F1.
marinuswas collected at tweites,Patrick Run Erie County and Marshalls Creek, Monroe
County. (Figurel9; Tableb)

Three hudred and fiftythreeindividuals of 4 species. aepyptera, L. appendix, .
greeleyi, P. marinusvere foundn the fieldstudy, and lengths of each species were summarized.
(Table6).

Many protocols have been developed for conservation or eradication of ammocoetes or
adults (Moser and Dey 2007). Most of them were spegesific which providediseful
biological and ecological information of both adults and ammocoetes. Among these protocols
backpack electrofishing was widely utilized for ammocoete capture (Steeves 2003). Various
environmental factors may have influences on collecting effectiveness. For ammocoetes sampling
in tributaries ofthe Great Lakes, effectiveness is positively related to length of lampreys and
negatively related to water depth and larval densities (Hill and Willis 1994; Hardin and Connor
1992; Steeves 200Japtureratea | s o depended on t he egimeg sonnel 6s
devoted to the sampling spo#s.the first site, | did notollectany ammocoetdsecause | spent
themost time shockinghe middleof the channel. fer a fewtrials, | realized ammocoetagere
found insilty and shallowareas Therefore) put mae efforts iio sampling sangl low water
velocity areaslf therewereany ammocoetesccurringin onespot | would keepsamplingback
andforth until no additional lampreys were capturédirequency of3 pulses/ seaal frequency
worked very welko bring ammocoetes out from the substrate, but the collector had to switch to
higher frequencyuickly before thg burrowed themselvesgain.| discovered thaB0

pulses/second miglmiot behigh enough to stun the fish, because a few ammosestaped
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The observation at each historical site was very crucial. AlthabglsPS could locate
the historical site vergiccuratéy, andthewater chemistry wagery similar within the stream,
habitat type wastill quite different from one spot to another because of the carefect,
vegetation coveand flow direction. It would also change aftegh water level event$qg at
each site, | walked through both upstream and downstream, figured out thedbiest in that
stream and started to samplFor example at my first sit®jl Creek, nothing was found in the
first 200m,howeverbefore we headed back, we found two spots where plenty of ammocoetes
were emergingTherefore| observed at historical sifer at least 500m and sampled at least
200m to conclude that there was no suitable substrate omthezao ammocoetes discovered.

A major problemn understandinghelampreys life history behaviorand conservation
status igheidentification ofammocoetes to specid®r example mostichthyomyzorspecies
were considered indistinguishable as ammocoétebl{s and Trautman 1937) untifeaw key
characteristicsvere developetased on individual sizes, lotic habitat preference, diagnostic
geneticmeristic, morphometric and pigmentation characteristics (Vladykov and Kott 1980;
Lanteigne 1981; #iman 1982). Taxonomic keysth respect to the classification of ammocoetes,
such as restriction fragment length polymorphisms (RFLP) have been widelynased a
successfully applied tdistinguish Chestnutampreysdrom Silver Lampregand Northern Book
Lampreys (Mandrak et al. 200oweverit is impossible to dgeneticidentification in the field,
so external characteristics such as pigmentation and morphometric keys are used frégloently.
of ammocoetes continue to be difficult to identiéyen though there are differendeshe
numbers of trunk myomeres whichribe observed under microscopeme overlapsf which of
different speciesould still cause confusio@ther researcheegetrying to use other common
characeristics to solve thisonfusion.

Mandrak (2002)whowastrying todistinguishChestnut lamprey(l. castaneug Silver

Lamprey (. unicuspi3, and NortherBrook Lamprey [. fosso) found inthe Great Lakes Basin
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baseddentificationon pigmentation of thdateral line and caudal fin, Vladykov and K¢1980)
found out that ammocoetes of Silvaaripreyhave morgigmentation othe caudal fin and head
than Northern Brook &amprey; Lanteigne (1988) no#id that NortherBrook Lampreyhas a
narrowband of pigmentationnits dorsalfin and extendindo the branchial pores.

| usednumbers of trunk myomeres, dorsal fins and different geographicsmigentify
theammocoetes. Unfortately, Silver lamprey las49-52 trunk myomeres while Northern
Brook Lamprey hav®0-52 trunk myomeres; Mountain Brookaimprey (. greeley) have 5760
myomeres while Least Brookamprey L. aepypterahave 5259 myomeresAlthough they
couldtheoretically be distinguishdaly numkers of dorsal finswhenthe ammocoetesere 3
inches or less, it wadifficult to tell the beginningfahe myomeres and how dete dorsal fin
wasnotched. There are some overlaps in the numbers of myomeres between dmétciesuld
at least narrow them down to one or two speciesda@sé¢he historicatange

There were only two collectiorier which | was not surebout identificationOnehad
only one individualwhich wasfound in Conneaut Creek, Crawford CourBacausd.. appendix
P. marinusandlI. fossorwere all in the historical recorchy myomerecounting result was within
both ranges df. appendixandP. marinus The othercollectioncontainedndividualsfound in
Hodgeson Creek.He only historical species w&s marinus but 24 individuals with about 55
myomeres were discovered at the same site, | identified themaapypterabecausef the
nearby distribution of Least Brook Lamprdy prove my identificationl, will go backand
collect alults for my identificatiomext year

Historical and current species at 19 sampled sites were compared ir7 Tatveng 7
sites which had 2 or 3 species present historicaitily the E. Branch of Oil Creek and Spring
Creek had 2 species present as historical tiatee creek®8lue Eye Run, Crooked Cre@k Erie
Co.and Conneaut Crediad onlyl specie®ccur. Nonewerediscovered in Oil Creek,

Woodcock Creek and Raccoon Creek in Eire QooAgthe streams thdtad onlyl species
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historically, no lampreywerediscovered in Mill Creek, Little Pucketa Creek, West Br. of White
Clay Creek and Raccoon Creek State PRrknarinuswas historically found in Hodgeson Creek,
butL. aepypteravas also found in my study. This waat surprisingbecause nearby creetkad
L. aepyptergresent, so as long as Hodgeson Cremlshitable substrate and no geological or
human barriewas found, migration was predictabfdthough | did not conduct any complete
sample to predidhe quantity of each species, we could see their declining trend by looking at the
presence and absence data. However, | want to clarify that the preseabsamzk data were
based on myme and a half month field studyonly walked through each creek less than 500m,
and sampling was done within 200hf.no lampreyswere collectedthe sitewasclassified asio
individuals found inthe creek.ndividuals cold possiblybe found inother section of the same
creek, lut since | was sampling historicales, they should have higher possibilitflampreys

present.

Analysis of substrate

Both lamprey and random substrate samples were collected at five sitdsyanere
dried sieved and weighealt Dr . St aaratofy@abléd. The sasnplinglloaaltions were
listed in TableB, and following abbreviationaere clarified
ARsO0 represents Random sample (st aupsteamy tr ansa
ARMO represents Random sample (mid transact),
AfRed represents Random sample (ending transact
Two general patterns of sites were observed. For each creek except Elevenmile Creek in
Potter County, both ammocoete spots and random spots were sampled. Elevenmile Creek was

only about2-3 meterawvide, and it was all sandy substrate across the dteskfore,l only
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sampled the ammocoete spots. Tdlflés all of the random sample data, | calculated the
probability of each sieve sit®y the given weight, and then pladbeé mean substrate size for
each set of data on thight-mostcolumn.The mean valudor each column was summarized at
the bottom. Particle size compositiof all ammocoete sites varjdulit it can be seen that, for
randomly picked samples, the 12.7mm sieve contributes majority of the entire substrate weight,
which is 56%. The other siesall takea proportion less than 10%. The average substrate size is
about 8.5mm.

Substrateemainingon each sieve was weigthandthe percentagéaken from the whole
weightwas calculatedor every substrate sample (Table . IThe probabilities of the first few
weightsare either 0 or very small percentile. Mediandsgypically contributesnore than the
coarse sediment. Fine sand especill)25mm constitutes 36%0% with mean value 68%,
which means the large amount of fgilt-clay substrate is an essential factor of the presence and
absence of ammocoete in creek. For substrate size, compared to 8.5mm of random sample,

1.95mm is much smaller which indicates the same conclusion.

Minitab analysis of the sampling results

To verify the effectiveness of the sampling for both random samples and lamprey site
samples, as well as getting a deeper insight of what the data tells us, Minsatilized to
perform a series of analysis on the collected data, as following.

First | tested the normality of the sampled data. Normality test results for the mean
substrate sizes of random samples and lamprey sites are performed, as idFaquifeigure24

respectively
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It can be seen that the medeve size for random samples is nortgalistributed (P
Value greater than 0.05), while for lamprey sitbe mearsievesize is nonormally distributed
This is because that 3 points far away from the others in the dataset. Because the sawgde size
not too large| preferred not to deletthese pointbecause itnay represent the differences among
species or other factors may potentially affect the substrate size.

For these two groups of data which are not both normally distributed, we can use the
Levenebds Test t o variargd ofthehveo groupsnasigrineas.iSinceg the f
resulted Pvalue (0.859) is greater than 0.05, it can be concluded that there is no statistical
differences in the variances between the two groups of data.

Since the data is not normally distributed,

compare thenedianvalue of the two groups, asthe following.

Mood Median Test for ammocoetes sites and random sites.

Individual 95.0% Cls

group  N<= N> Median Q3 -Q1 + Fommmeeee +--

1 1 0 045 191 (+ e )

2 1 11 825 156 ( -+ )
T — R B

Overall median = 4.83
Chi - Square =19.33 DF=1 P =0.000

A 95.0% ClI for median(1) - median(2): ( -8.59, -6.63)

The null hypotheses the populatio medians for both ammocoetes sites and random sites
arethe sameSince the P/alue is less than 0.001, there is significant difference between the
medianvalues of the two groups, as can be easlyrnfrom the results above. So, we can

conclude that thleamprey sieé samples and random samgtaselarge differences in terms of
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substrate siz&hereforewe can recognize and tell whether a site has lamprey or not based on the
substrate size.

The next question would be, for different substrate sizes, aveahe probabilities for
eitherrandom samplegr lamprey group sample$herefore] did regression analysis on the
probability versus substrate size for both groups.

For random samples, the quadratic gives satisfactory regression results as i@é-igure

The regression result reveals substrate size is very significant predictor (P<0.05) and the
regression model is statistically signifitaTherefore we can utilize the modbellow to predict
the probability of a certain substrate size in a random sample (probability is calculated as the
proportion of the unit weight by the total weight):

Probability = 0.0699.0356*Substrate Size+0.0057*Substrate Size”2 (95% CI)

For lamprey ge samples, the data are more difficult for regression analysis. | tried the
cubic regression with result shownRigure27.

The RValue is greater than 0.05, which indicates that the regression factors are not very
significant predictors, but this modednstill give us some insight tihe probability of different

substrate sizes on the lamprey site.
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Discussion andConclusion

Discussion

On each map | created (FigureR3gure 9), historical sites were marked with red solid
circles, and the numbebgside were corresponding to the detailed information of collections in
Appendix AG, information such as the collection date and collectors could be looked up in
appendix. The overview window on each map visualized the overall distribution of each.species
Three out of twentpne sites were not accessible most likedgause the water level wa®
high or the riparian zone was very bushy thatking the historical siteot assessabjend in this
case the substrate were not ideally for ammocoetes, sidrason Creek was too turbid and
deep so there was no shallow, calm and warm swamp for ammocoetes. | would assume that the
chances of finding ammocoetes at these three 8itest Branch of White Clay Creek in Chester
Co., Woodcock Creek in Crawford C&accoon Creek State Park in Beaver Wasvery small
For those sites without any lampreys found: Oil Creek, Crawford Co., Raccoon Creek, Erie Co.,
Mill Creek, Potter Co., Little Pucketa Creek, Westmoreland Co., the sampling length was at least
200 metes long with potential lamprey substrate type existed in between the starting and ending
point. Although | would not be able to conclude that tlveeeeno ammocoetes in creek by just
sampling 200 meters, the fact thia¢re were fewer lampreys presenthat historical sites than in
the past may indicate a declining trend of the populatiberdwas no way to sample the whole
streamputthe spots where ammocoetes were found have a higher probability to support
ammocoetethan other locationghere lampreg have never been found befose the statement
of their potential declining could be establisheidwever substrate alters very quickly according

to the temperature and precipitation. In May 2011 we captured quite a few ammocoetes in
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Crooked Creek, Eri€o. One month later in June we sampled the site again, but the substrate
changed a lot, and the sandy substrate was replaced by algae, there was less theygeaein
and watelhad riserup overthe riparian zone, so those good spots even one monthasggone.
Abundance sampling was required to assess the population alteration at those sites had
ammocoetes historically and contemporarily, but it was very difficult to estimate the population
by only completly sampling one section of creek because tladlable substratmay not be
representative dhe rest creek which was not observed. Howéteund that the number of
species declineds time went bye.g. Conneaut Creek, Crawford Co. ohlgdone species as
well as Blue Eye Run, Warren Co. instead of multiple spedagas foundhistorically, in this
case either competition existed between species while available substrate areas were shrinking or
the total population was declining becausgarfous reasons such as the degradation of water
quality or the survival rate of lamprey eggs.

Other factors like spawning habitat and water quality degradation could also affect the
inland distribution. An ammocoete burrows by inserting its head inteulbstrate vertically with
vigorous contractions of the bodphis processs combined by a quick inserting of its anterior
part and a gradually inserting of the posterior part. But when being shocked gently, it was very
fast drilling down, mucous secretidrom the larvae endostyle line the bwvrand structure the
sandy tube. When scooped up the ammocoetes in the drilling process by the diamond shaped
mesh probe, we usually dug down a few centimeters more to the substiatd. tBe most
important factos thatinfluencetheir suitable habitas the particle size, and of course fine
sediment and little debris was optimum matesiatethey represent most percentage of the
substrate. However an ovabundance of kiclay particles couldkeep oxygen awalyy clogging
their gill lamellae (Beamish & Jebbink 1994). Unfortunately the finest mesh size was 0.25 mm in
my study, anything smaller than that was put in the 0.25mm colhiieh includeda large

proportion of the total particlés the last column. Smalt mesh may be required for any
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subsequent studies to narrow down the preferences of particles sizes of each ammocoete species.
The habitatised byammocoetes were always found in eddies and backwaters, either toward the
edge of vegetation roots or behimatural obstructions, like tnks or sand pond, where the water
velocity was slower than the main stem of the creek and the organic matter accumulates enough
to feed ammocoetes. To physically define the water velocity range is a little bit difficultsbecau
of the fact that it varies with the different depth of the creeks and different time period of the
collection.While most of the ammocoetes are found toward the bank, very shallow area, usually
>2.5 cm but <7.8 cm deep (Kelso, 1993), it is not alwagsHse, some of them were found in
deep water such as main rivers and | akes (Appl
research that average water surface velocityéonpetra planerandEudontomyzon danford
0.5m/s, Thomas (1962) and his gpandicated that the maximum flow rate is no more than 0.6
0.8 m/s. I'n Schroll 6s (W)t haant d fiBRamioeroed e( bEk
(Baxter 1957) were found in partly shady area, which provides them a stable microenvironment.
But in samping creeks | found thata lot ofi @ mmo ¢ o e twerain ahopeahairdarea, and the
water temperatur@aswarmer tharareas irthe shade. Schroll (1959) suggested that ammocoetes
of L.planeripr ef ered water temperature to be about 172
(1978) lab experiment, 109 € would be more preferredther studietave attempted to define
the substrate selectiafi ammocoetes, and there is not too much differenteng species.
Schroll (1959) and Thomas (196udiedthe relationship between the substrate selection and
parameters such as, &0, pH, hardness, particle size and organic content of the substrate,
temperature, flow volumes and water velocity, andg émlind significant relationship between
water velocity, substrate hardness and ammocoete abundance.

Water parameters were recorded at some ammocoete sites, temperature was from 12.6
€ -17.3€, and bottonflow for the ammocoete spot was ranged frén®1-0.01m/s while 6/10

flow was between 0.60.12 m/s. Water depth was very shallow which was fre20tm toward
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theriparian zone irsmallcreeks. Because of the gear availability and human efforts limitation,
not all sites were measured, however the dad@eaindicated that water was pretty calm and
shallow compared to the adult lamprey habitats. This ntaghorrelated with theioxygen
uptakeunderneath of the sandy substrate which depends on the amount of dissolved oxygen.

Only one adult was capturéggether with ammocoetes, | not only sampled those calm
areas neashorewith fine substrate using a combined frequencies of 3 pulses/s and 30 pulses/s
but also sampled the middle channel by using 30 pulses pulses/s all the way up and down, no
adults werdound separately. The causes could be either too low frequencies and voltage because
adults were collected by another crew in our lab aimed for trout by using higher frequeitcies or
wastoo late for spawning adult lampreys based on the suitable temedi@tthem in the
literature, and it is usually fronate March to early June depends on the latitudgpiimg2012,
we are going to sample those creeks with lampreys prasdrfbcus our capture methods toward
spawning adult lamprey3 his will helpto verify the identification, because the counting of
myomeres and observation of their dorsal fin might n@dmirate enouglvhile also providing
data to check if there aemy more spawning lampreys or not in the same strBadators of
lamprey eggs W also be captured and analyzed to see the composition of their living
communities and competition between them. To solve the confusion in 2011, two different
backpacks with different frequeiesand voltage settings will be utilized to verify the

effeciveness of the ammocoete backpack.

Conclusion

Seven native lamprey species were found historically in Pennsylvania based on data from

the Pennsylvania Wild Resource Conservation Program; the Pennsylvania Fish and Boat
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CommissionPFBC) thePennsylvania State University; Cornekidersity; Dr. Edwin L.
Cooper andr. Jay R. Stauffer. They atempetra aepyptera, Lampetra appendix, Ichthyomyzon
bdellium, Ichthyomyzon fossor, Ichthyomyzon greeleyi, Ichthyomyzon unicuspis, Petromyzon
marinus. lampetra aepypteravasfoundin western PAn the Ohio River drainage in Allegheny,
Armstrong, Beaver, Butler, Fayette, Indiana, and Westmoreland colraiepetra appendiis
restricted to the northwest and southeast corners of Pennsylvania, wherkhits ititgafollowing
drainage$ Lake Erie, Allegheny River, Genesee River, and Delaware River. It has been
collected from Crawford, EIk, Erie, Forest, McKean, Potter, Venango, and Warren counties, as
well as from the White Clay Creek drainage in southdraster County (Figure 4ichthyomyzon
bdelliumappears ithe Allegheny River drainage, where it was most abundant in the
northwestern section tifie state near the Great Lakes area (Figiire 5

In Pennsylvanialchthyomyzon fossavas found irthe Conneaut Creek drainage in
Crawford anl Erie Counties (Cooper 1982)nd it isanendangered species listed by PFBC
(Figure 6). The Pennsylvania distributionlofithyomyzon greeleyicludes the Clarion and
upper Allegheny River drainages, and dls®French Creek, antthe Neshannock Creek in the
Beaver River drainage (Figure Tohthyomyzon unicuspigas one of the rarest species in PA. It
was only recorded in Crooked Creek, Erie Co. (Figure 8). In Pennsylvania, Sea Lamprey is native
to the Delaware anflusquehanna River drainages and introduced in the Lake Erie drainage
(Figure 9).

Lampreys were captured at 14 sites; four creeks were sampled laimpreys were
found three sites were not accessible. In total, 353 individuals of four species weréfomd
study in May and June, 201these species includempetra aepyptera,dmpetra appendix
Ichthyomyzon greelegindPetromyzon marinussampling results by species and collections are

in Appendix I.
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No endangered speci&shthyomyzon unicusp® Ichthyomyzon fossavas found in my
study, which may indicate their limited population. Historical species and current species at 19
sampled sites were compared in Table 7. Among 7 sites which had 2 or 3 species present
historically, 2 different species we collected simultaneously v Branch of Oil Creek and
Spring CreekOnly one species was foundthreeothercreeksBlue Eye Run, Crooked Creek in
Erie Co. and Conneareek No lamprey speciesas discovered in Oil Creek, Woodcock Creek
or Raccoon @ek in Eire Co. Among those ones only with 1 species present historically, no
lampreys werediscovered in Mill Creek, Little Pucketa Creek, West Br. of White Clay Creek and
Raccoon Creek State Park.

The sieved results revealed that ammoeserefer smakized particles 0.25mm with
resolved organic matters; substrate collected fromammocoete sites were between 0.85mm
12.7mm, which was significantly different than the former one.

More information on the distribution of lampreys in Bgylvania is essential both to
confirm the representativeness of their historical distributaresdy altered and to provide a
new distribution map and potential water quality degradation trend. In a lot of lamprey surveys,
juvenile lampreys were not idfied to species, this is a very important fact we need to consider
when compiling other studies. It would be extremely beneficial if a quick reliable field
identification method were available to permit the identification of juveniles to species.droutin
river survey work from institutions and organizations anddtgh collections are suggested to be
put in a welldesigned database in GIS system based on fundamental distribution knowledge of
each species, which could visualize thegoing change of thiedispersion on map. And the
interface of GIS will be a fabulous way to check the table of detailed information and distribution

map since it would be very accessible.
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Overall,L. appendix, L. aepypterandl. greeleyiare widely present in Pennsylvania

because of their histically wide distribution InvasiveP. marinugs believedo bedistributed in
Lake Erie tributaries whereas nativemarinisis distributed irthe Delaware River drainage.
Treatmenusing lamprecide is implemented every few years, and adult Sea Lampreys were
captured in Marshal |l 0s I|Gossorardl uniCuspissaevobpargculdRi v e r
concern. They are o suspectetb bedistributed in Lake Erie drainagk fossoris an
endangered species in Pennsylvania while the statusmtuspisn Pennsylvania has not been
proved. Therefore the population of native lamprey species in Lake Erie River drainage is
declining due to the chemical &tent program for Sea LampreyoM ofthe lamprey
populations are idllegheny River drainage and Ohio Rivdrainage and their status is seclre.
aepypteraandL. appendixabundance couleven be increasing becauseyttarefurther away
from civilizations in head waters. Their population cannot bdigied because abundance
surveys haveot been done by any agencigsndividual researchers in PA.is difficult to
capture them all because they all hide undenthddy substrate, and substrate type cannot be
known until an actual site observation carried out. Even if there is suitable substrate present it
does not guarantee their presendeich depends on the geographical approach of different
species. However, "y preferto spawn in clear and shallow middle channel with faster water
velocity and high dissolved oxygen, so it might be a sign of degraded water quality if they are

absent in spawning season. In Pennsylvania, few surveys about lampreys are dorfeheost o

lamprey collections were byatch. Therefors&k nowi ng | ampreybés presence

cass light on the status of lampreys in Pennsylvania, but also enlghseon the water quality
of freshwater systems. Subsequent projects are needkibtwate broader rga of lampreys in

Pennsylvania.

d
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Figurel: Map of P e n n s ydiainagabasiasiSsx maja jvaiersheds: the Susquehanna F

Lake Erie, the Genesee River, the Ohio River, the Delaware River and the Potomac River.
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Figure 2: Adult lamprey teeth structur®etromyzon marinugdisc. Made By Canadian Museum of Nati
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Figure 3: Distribution ofLampetra aepyptera PA. Historical data was from 1933009. Red circles indicate historical sites; blue lines are Pennsy
major rivers; grey lines are boundary of major river basins. Overall distribution of each species in Pennsylvania wastebadset window. Least
Brook Lamprey aggregated in the southwest of PA. Detailed data for historical sites are provided in Appendix E.
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Lampetra appendix - American Brook Lamprey

MNorthwest PA

198 2068y 52 . 54 154
& 199 g 197 - 559 @is0
41 63

121 922 172, o
120 1518

Susguelhianna ,

,J g

v overview

Susqguehanng

D PaMajorRiverBasins o 15 30 &0

Figure 4: Distribution ofLampetra appendiin PA. Historical data was from 1958009. Red circles indicate historical sites; blue lines are Pennsy
major rivers; grey lines are boundary of major river basins. Overall distribution of each species in Pennsylvania wasstshandset window.
American Brook Lamprey aggregated in the northwest of PA and also in the southeast corner of PA. Detailed data for histariegirsiéed in

Appendix F.
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Figure 5: Distribution of Ichthyomyzon bdelliunn PA. Historical data was from 1962009. Red circles indicate historical sites; blue lines
Pennsylvania major rivers; grey lines are boundary of major river basins. Overall distribution of each species in Panwaghsii@ded in the in
window. Ohio Lamprey agggated in Allegheny River Drainage. Detailed data for historical sites are provided in Appendix A.
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Ichthyomyzon fossor -Northern Brook Lamprey
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Figure 6: Distribution oflchthyomyzon fossan PA. Historical data was from 1968, 1975, 2003, and 2008 in the database. Red circles indicate
sites; blue lines are Pennsylvania major rivers; grey lines are boundary of major river basins. Overall distributiospefcescin Pennsylvania v
shaded in the inset window. Northern Brook Lamprey was found in Temple Creek, Erie Co. and Conneaut Creek, Crawfordl€&b dafzeta

historical sites are provided in Appendix B.
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Ichthyomyzon greeleyi - Mountain Brook Lamprey
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Figure 7. Distribution of Ichthyomyzongreeleyiin PA. Historical data was from 1932009. Red circles indicate historical sites; blue lines
Pennsylvania major rivers; grey lines are boundary of major river basins. Overall distribution of each species in Pannaghsrdded in the &l
window. Mountain Brook Lamprey aggregated in the northwest of, Ohio drainage and Allegheny drainage. Detailed datéc&drsitessoare provide
in Appendix C.
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Ichthyomyzon unicuspis - Silver Lamprey
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Figure 8: Distribution of Ichthyomyzon unicuspis PA. Historical data was from 1987 and 2004. Red circles indicate historical sites; blue i
Pennsylvania major rivers; grey lines are boundary of major river basins. Overall distribution of each species in Pannaghsrdded in the in
window. Silver Lamprey was only found in Crooked Creek, Erie Co. Detailed data for historical sites are provided in Appendix D.
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Petromyzon marinus - Sea Lamprey
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Figure 9: Distribution of Petromyzon marinuis PA. Historical data was from 1978009. Red circles indicate historical sites; blue lines are
Pennsylvania major rivers; grey lines are boundary of major river basins. Overall distribution of each species in Panmaglgaaded in the inset
window. Sea Bmprey aggregated in Erie drainage, Delaware drainage and a little corner there Chester Co. Individuals found in Leaké Briasave
Sea Lamprey, and those in Delaware River drainage are native Sea Lamprey. Detailed data for historical sitekedri@ pppendix G.



State/Province
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SX — presumed extirpated
SH — possibly extirpated
S1 — critically imperiled
S2 — imperiled

S3 — vulnerable

S4 — apparently secure
S5 —secure

Mot ranked/under review

Figure 10: North American State/Province Conservation Status ekpypteraMap by NatureServe (September 2007).
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Figure 11: North American State/Province Conservation Statustdellium Map by NatureServe (June 2003).

62



s ﬁii
st EDE

uim|min

Figure 12 North American State/Province Conservation Status gfeeleyi Map by NatureServe (September 2007).
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Lamprey Historical Sites
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Figure 13: Lamprey historical ises (19332009) by species in Penns
located in west Pennsylvania, afileghenyRiver drainage.
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2011 Lamprey Sampling Sites in Pennsylvania W@E
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Figurel4: 2011 lamprey sampling sites in Pennsylvania. The sampling was designed for ammocoetes by using the ammocoete baalpiskyasit
also aimed to by using 30 pulses/ second frequency. They were sampled from May to early June. Detailed inforneatodnsite and the expected
species argrovidedin Appendix H.
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Figure 15: ETSABP electrofisher. Left is the backpack panel, voltage range, duty cycles and frequency could all be adjusted, and sidatararttie
two probes, one ianode, the other is cathode.

Figure 16: SmithRoot LR 24 electrofisher







































































































































