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CHAPTER 1

1 Overall aim

A collaborative research and development project between the Institute ot Freshwater Ecology
and the Environment Agency in the UK. to review the ccology, status and management ol
erayling in order to provide recommendations for future management ol grayling fisheries
England and Wates,

2 Objectives

e Toreview grayling ecology. status and management practice in concentrating on England and
Wales but including publishes literature tfrem Europe and North America. where appropriate.

e Torecommend best management practices on the basis of objective | and produce a guidance
leatlet for internal and external circulation which promotes the key issues.

e To identity future information needs and propose and cost a programme ol research and
development to address these.

3 Achicvements to date
Objective 1

e Reviewed 95% of all literature regarding grayling in Europe and Nuorth America to produce «
near complete comprehensive literature review and reference list (see enclosed).

Obhjective 2
o Verhally contacted all Environment Agency Heads of Fisheries Depts. Followed up those

which have grayling fisheries and relevant data. with individual letters (week commencing 18
Octaber 1999 and a questionnaire (Appendix 1. Replies have come back from the following

AICus:
Neame Area

Jon Shelley Northumbria

Tim Jacklin Upper Trent

Andy Strevens South Wessex

Paul Hyatt Anglian {(Northern}

Visits are being organised to the following ottices: David Hopkins (Dales) and John Woolland
(Upper Severn). Alan Starkie {Lower Severn) hus acknowledged our letter.,

e A meeting was arranged with Robin Mulholland (The Grayling Society Chairman). Anthony
Wilson (The Grayling Research Trust Chairman) and Richard Cove (EA), to organise the
distribution ot a questionnaire (Appendix 2) and letter 1o the 900 members.

e Made contact with the relevant fisheries scientists i Buropean countries outside the UK
(week commencing 4 October). Replies from Germany. Lithuania. Latvia. Sweden and



Luxemboeurg to date. Have requested turther details ot grayling management programmes
from Sweden, Germany and Latvia.  Sull awaiting replies from brance. Taly, The Crech
Republic, Denmark, Switzerland. Belgium. Slovakia, Ausiria and Norway,

¢ Receivad a large amount of information regarding grayling management practices in British
Columbia and Alaska, Also identified contacts in Vancouver.

4 Future plans

Objective 2

o Collate data and questionnaire information received from EA contacts and chase thuse who
have not replied by week ending 5 November 1999, Review infermation and commence
formulation of management recommendations and identify future information needs.

¢ Collate questionnaire responses from the Grayling Society (clesing data 30 November 1999

*  Chase European and North American contacts and review intormation as above.

Objective 3
« In oview of mformation amassed Drom all contacts, locate areas of further research and
development.




CHAPTER 2

I Introduction

The Luropean gravling, Thymallus thymallus. s a highlty under-rated freshwater fish, particutarly
in the United Kingdom.  As such, little scientific research has been conducted on its biclogy.
ecoloey or specitic management plans. i comparison to the related species. salmon. Salme salar
1. and brown trout, Salmo truirg punta L,oor the nearest relative to Tothymallus. the Arctic
eravling, Thymallus arciicus {Walbaum). whose life history has been well documented in view ol
its high ranking by anglers. as @ game fish, However, the importance of sound scientific research
cannot be over stressed for this species, which can potentially provide an excellent tishery and
source ot income m salmonid depauparate rivers.

The amm of this report therefore, s to review all available intformation vn the biology, ecelogy
and management of the European grayting. 7. thymallus, incorporating tindings tor 7. arcricus to
hridge subjects where the literature is scarce. and propose management strategies tor 72 thymalluy

in the United Kingdom.

2 Genceral description

The European grayling, 7. thvmallus, used to belong to its own family. Thymaldlidae (Wheeler.
96V, It has only recently been re-included n the tamily Salmonidae (Wheeler, 1969},
Historically, it has been regarded as a coarse fish in Britain and as a resuit, research on grayling

biology and ecology has been quite limited.

The name grayling is at least five centuries old (Magee, 1993). T thymallus originates from the
taint smell of the herk thyme. which emanates tfrom the tlesh (Ibbotson, Pers. Comm.y. The
erayling has been described as “The Lady of the River’. however Table 1 indicates the many

difterent names by which 1t 1s known throughout the rest ot Europe.
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The morphology of the grayling 1s well described by Northeote (1995). It is slightly flat-sided
with a relatively small mouth, The upper jaw projects slightly bevond the Tower jaw. Juvenile
vrayhing are silvery/light green with bluish sputs along the lunks. adults however. have
arey/green back. green sides and a white body. The distinguishing feature of the species. is the
presence of a large dorsal fin, which has four to five rows ot red and black spots (Cihar, 1998:
Wheeler 1969). The fin varies in size and shape between males and females. producing notable
sexudl dimorphism within this species (Witkowski e7 af. 1984). The presence ot the adipose tin

oroups the grayling taxonomically with the salmonids.

Both sexes show quite aggressive behaviour throughout the whole year.  They tend to form
schuols outside the breeding season, in which each lish holds its own station. defending 1t as s
own territory. During the spawning season. only the males defend their own territory and show

pronounced aggression towards both sexes (Fabricius & Gustatsen 1955).

Tothymallus s listed as protected species under Appendix 111 (Annex 3) ol the EC Directive
TRIGSWELEC (www.ecne, [978) and ot the Bern Convention on the Conservation of Eurapean

Wildlite and Natural Habitats (www ecne.nl, 1978).




Table 1: The common names of Thymallus thymallus throughout Europe and America

(www fishbase.org.uk. 1999).

( Common names of T, thymallus |

Common name LUsed In Language
Asch Germany German

Asche Austria German

Asche Germany German
European grayling USA / England English
Grayling USA/ England English
Harjus Fiiand Finnigh

Harr Sweden Swedish

Khartus Belarus Russian
Kharius Latvia Russian
Kharius Russian Fed Russian
Kharius Ukraine Russtan
Kharous obyknovennyi Russian Fed Russian
Lipen obycajny Crzechoslovak Slovak
Lipien europejski Poland Polish
Ombre France Lrench

Ombre commun Belgim French
Ombre commun France French

Peixe-sombre Portugal Portuguese
Pénes pér Hungary Hungarian

Stalling Denmark Daaish
Temuelo [taly ltalian
Temulo Switzerland Ttalian
Vlagzalm Netherlands Dutch
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3 Distribution

The distribution ot Thymallus thymalius s quite widespread: from west Wales, througheut
lurope to the White Sea (Figure 1), 1t is found in the Narthern Hemisphere, 407 - 70°N (Magee.
1993} at altitudes ot up to 300m in the Alps and 1000m in the Carpathians (Northeote, 1993).

Tooahvmalluy is native w: LEurope and the Tormer USSR inlund waters, the NE Atlantic.

Mediterranean and Black Sea twww. lishbase.org.uk. 1999),

It s thought to have reached British rivers via the North Sea River before Britain becume isolated
from continental Europe (Woolland. 1986a). The distribution pattern is consistent with dispersal

from a single retuge in the Danube busin. after the last glacial period when England was stlt

Joined w0 the continent and rivers of the East Coast of Bngland and the mainstem shared with the

Rhine. 7. thymallus is absent in southern Europe. the north ot Scandinavia and Ireland.

The grayting has been found in archiaeological deposits in York. dating Irom the first to the

twelfth century (Broughton, 1989). It is, theretore, likely that it is indigenous in the Yorkshire
Ouse system. Gravling have been transferred from East Yorkshire to tributaries of the Ouse o
repiace populations which have been extinet by pollution (Magee. 1993y, 70 thvimaliny was
mtreduced to Scotland in the 18005 (Northeote, 1993). In Wales. 1t is contined largely to the
eastern rivers - the Dee. Severn and Wye. A smull isolated pepulation exists in the Teiti
(Woolland, 1986}, The grayling is not indigenous to lakes however. it is tound in two i the
UK: the Gouthwaite Reservoir in Yorkshire and Llyn Tegid in Wales (Magee, 1993). 1t 18

senerally a freshwater fish but also exists in brackish and marine environments (Table 2, page 5).
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Table 2: The occurrence and status of European grayling Thymallus thymallus

{(ww.fishbase.org.uk, 1999).

Country Fresh-  Brackish  Salt-  Status

water water
Belarus ¥
Czech 8
Republic
Denmark * * * Protected. Minimum size limit of 33¢m.

Closed season 15" March — 15™ May

Estonia * * *
Finland i * * Restricted although fairly common
France * * * Restricted. Vulnerable
Germany (FR) * * * Restricted Endangered in 1984
Hungary * *
Ttaty * * * Scarce
Latvia * * *
Lithuania * * *
Republic of *
Moldova
Netherlands * * * Fairly common in freshwater unti] 1885
Norway * * *
Poland * * *
Romania * * *
Russian Fed. * * *
Slovakia *
Sweden * Care demanding
Switzerland * Fairly common
UK * * *
Ukraine * * *

* % *

SFR of tormer

Yugoslavia
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Figure 1. The worldwide distribution of 7. thymallus and T. arcticus (Broughton, 1989).




The distribution of the Arctic gravhing, f. arcricus as a holarctic species, extends throughout
North  America mcluding  northern Manitoba,  Saskatchewan.  Alberta, British  Columbia.
Northwest Territories. the Yukon and Alaska (Kreuger, 1981 (FFigure 1), In addition,
populations are found in Asia in Siberia. the former USSR, the Czech republic and Slovakia
(www fishbuse.oreuk. 1999 70 wroricns 1s a native species to North America. Asit and the
furmer USSR (www fishbhase.ore.uk, 1999) It has been introduced to the inland waters of

Europe {www tishbase.org.uk. 1999),

4 Habitat requirements

Eluet (1959) described rivers according 1o the type of physical. chemical and biological qualities

associated with suitable habitat conditions Tor difterent tish species as shown n Table 3.

Table 3. The species zonation of rivers according to habitat tvpe (Huet, 1959).

Zone Definition

Trout Steep. upland streams: water cool und well oxygenated: river bed ot rock, boulder
or pehbles,.

Grayltng  Further downstream. river wider. water cool and well oxygenated. gentle slope.
Riffles and rapids separated by peols and runs.

Barbel Further downstream, river wader, shght inchine, riverbed 1s sandy/muddy silt,
Water warmer and less well oxvgenated.

Bream Most downstream species, river widest. slight incline. riverbed 1s fine sih. Water

warmer and less well oxyveenated.

The grayling zone is characterised by rivers and larger. more rapidly flowing streams. The
eradient is usuaily less than that of trour waters with riftles and vapids being separated by pools.
Trout and grayling inhabit the more rapid stretches whereas the more lentic waters in between are

occupied by cyprinids such us barbel and chub, The gradient is 10-30tt/mile.

Y




The size of fish tends o increase as you go upstream: the upper stretches are dominated by adults
whilst the juveniles are found in the lower stretehes (Hlughes. 199210 Such is true for the Arctic

gravling.

Grayling favour certain physico-chemical conditions. These vary according to the life-stage (¢f

Section 0.2 and: pp 12-150 17-19), however these conditions can be summarised.  The water

quality requirements ot grayling are similar to brown trout: cool. well uxygenated with @ geod
sequence of pool. rilfle. glide and run (Woolland, 19862).  They have o minimum oxyeen
reuirement of 5 — 7ppm and an upper temperature tolerance of 18-257C. preferring i maximum
of I8°C (Woolland. 1986a). Although the environmental requirements are broader for grayiing
than brown out, Woolland (1986u) has stated that gravling “succumb’ to pollution and higher
temperatures more rapidly than trout.  The suggested ranges of optimum. upper and lower

temperatures for the European grayling are presented below (Table 4.

Table 4: The suggested optimum, upper and lower critical temperatures (°C) for grayling in

Europe (Crisp, 1996).

Range Temperuture (°C)
Lower critical -4 ‘
Upper critical >1%
Optimum 48

Water depth 1s important in determining the distribution ol freshwater fish. Table 5 represents

depths fuvoured by different sized grayhng,



Table 5. The water depth (cm) favoured by different sizes ol grayling (cmy) (Greenberg of

al. 1990).

Fish size / cm Depth / cm
2-8 LO5- IR0
- 18 45-90)
[9-50 75-165

Substrate 1s another important physical parameter determining grayling distribution (Table 6).

Table 6. The river bed substrate type favoured by different sized grayling (Greenberg et al,

1996).

Fish size (¢m) Substrate type
2-8 Sand/silt/gravel
Y-18 Neutral
14-50 Preferance lor cobbles and boulders

Finally, water velocity contributes 1o graviing distribution. The preferred velocity of juveniles is

<10cm/s whilst older, lareer individuals preter veloctties of 20-50cm/s (CGreenberg er al.. 1996).

Some information is known about the habitat requirements of the Arctic grayling by comparison.
They prefer spring-ted. cool. clear streams, rivers or lakes but are also found in bog-fed streams
in Alaska (Fish and Wildlife Service. 1985). 10 arciicoy are tound almost exclusively in pools
(Vascotto and Morrow. 19733 The mean current velocity mhabited by adult grayling is (L.26m/s
{Kreuger. 1981) and the prelerred oxygzen saturation s approximately 7.2 mg/L. (Nelson, 1954}
Adult T arcricus have been reported as tolerating temperatures of up to 20°C (LaPerriere and

Carlson. 19735

Hlabitut modelling has been explored using the Habitat Suitability Index (HSI) Model (Fish and
Wildlife Service. 19853



5 Reproduction

5.1 Fecundity

The Buropean grayting is extremely fecund producing an average of 10000-3 1000 egas/kg/hen
thanovic, 1964). In general. grayling egg size ranges between 2.5 and 3.5mm {Northcote. 1993).
By the end of one month the lurvie attain a length of 3cm which doubles afier 2 months
(Ibbotson, Pers. Comm.). They can reach up to 18em by the end ol their lirst year (Ibbotson.

Pers, Comm ).

The fecundity of 7o arericus is dependant upon the size of the tish and the location {Armstrong.
198G). For example. Schallock (1966) demonstrated that Alaskan 70 arcricus egg frequency
varied between 1700 for a specimen at 26.7¢m and 12, 350 far one at 40cm and De Bruyn and
McCart (1974) reported that gy trequency at three localities in the Yukon varied from 4077 and

14, 429 per lemale.

5.2 Spawning

Luropean grayling are spring spawners.  Spawning oceurs from the end of March (Parkinson er
al . 19995 to the tirst hall of June. (Clark. 1992: Cloranta. [985: Gonezio 1989 Kristiansen &
Doving, 1996: Linloekken. 1993 Scott. 1985) or just after snowmelt in European countries
(Peterson. 1968 Witkewski & Kowaleski. 19883, The Arctic gravling spawns later between late
April and early July iWojeik, 1954 Warner. 1955: Schallock, 1966: Roguski. 1967 Roguski and
Tack, 1970: de Bruyn and McCart. 1974; Tuck, 1974 Bendock. 1979

The onset ol spawning in both grayling genera, signiticantly correlates with climatic conditions
(Witkowski & Kowalewski, 1988). Water emperature has been shown o atlect the duration of
migration and spawning (Witkowski & Kowalewski, TO8R), With regards to 70 thymallis. such
temperatures range trom 3 - [17C, although temperatures as high as 14°C have been recorded in
The Trome. Southwest England (Scott. 1985), "The longest migration at a location. has heen
recorded as comerding with the highest temperature and a full moon {Witkowski & Kowulewski

[98K). Other studies however, have determined that erayling were most active at a new moon
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{Andreasson, 1973: Deelder. 1970: Johnson, 19820 Parkinson er af. (1999) discovered trom
radio-tagging studies. that tish mobility was sigmiticantly higher when water levels remained
stable between consecutive days of surveying: n clear. decreasmg water levels and on sunny

days with high temperature variation,

In the case of 70 areticas, the rise 1 temperature leading to spring flooding has been shown to
stmulate spawning (Armstrong. 1986). Ar 4°C, western Alaskan grayling spawn (Tack, 19733
This period often coincides with the turbid waters associated with spring tlooding (de Bruyn and
McCart. 1974y, However, this is oot universally the case tor arctic gravling {Warner, 1935},

The Luropean and Arctic grayling similarly ascend the rivers, migrating from the main river to
faster flowing tributary or trom the sea to its natal stream. to spawn (Kristiansen & Dowving.
1996 Magee. 1993 Peterson, 1908; Witkowski & Kowalewski, 1988). Some populations are
potamodrous. whereby they spend maest of their lives in lake systems but ascend the tributaries in
May/June when temperatures are greater than 3°C. They remain there for [0/15 days during

spawning (Kristiansen & Doving, 1996),

5.3 Behaviour

Muales arrive on the spawning ground several days before the females downstream (Fabriciuus &
Gustalson, 19535} In some cases. males are present weeks betore the females in order to increase
their chances of securing a favourable terrtory and therefore increase their genetic fitness
(Reauchamp. 1990). However. this s balanced with twoe additional tactors; the higher risk of
syeotle dislodgement by additional. later spawners: and that females are rarely ready to mate so
carly i the season (Beauchamp, 1990}, The mules adopt and detend their territories, courting
females approaching from downstream (Fabriciuus & Gustatson, 1955 Parkinson ¢f al.. 199Y9:
Persat & Zakariah, 1993: Poncin, 1994). The oldest and largest grayling spawn first (Witkowski

& Kowaleski, T98K).

The sex ratio for Luropean gravling has been tound to change over the spawning season. During
the first three days at the spawning sites. males dominate females by 3010 decreasing mid-

spawning to P31 (Witkowski & Kowaleski, T988). Towards the end. the ratio equals out as



fewer males ascend the river. until eventually the females are dominant (Witkowski &
Kowalesk, 1988). An unequal rutio of 6:1 (males: females? exists in all grayling populations and
it has been inferred that sex rativ could well be strongly influenced by aneling pressure on

temuales during the summer (Libosvarsky, 1967,

3.4 Courting display and spawning act (Fabricius & Gustafson, 1954),

Graylimg exhibit aggressiveness througheut the whole year, however. such behaviour becomes
more pronounced durig the spawning season when males begin to defend territories. Females
are only tolerated m male territories at the moment of spawning.  Outside this period. they hide

under overhanging vegetation, banks and behind stones.

The spawnimg act is very similar tor both the European and Arctic grayling. however. there are
subtle variations. Spawning is initiated by a vibrating display by the male. This motion enables
the male to advertise his presence and attract females. The exact reasoning behind a female’s
choice of male s not clear. however. oltactory cues are thought to be important in addition te
thuse regarding streambed stability, in view of the fact that spawning does not take place in a

redd (Beauchamp, (9903,

The male hovers in the water, bending the caudal puart of his body upwards so that the tail s
litted. he erects the dorsal and pelvice fins tully (in spasmodic and an almost twisted manner) and
continues 1o pertorm vigorous and very rapid trembling body movements,  When temales are
almost ready to spawn they become quite aggressive. attacking vther individuals of both sexes
and move severat times towards the male that is usually situated on a gravel bank. This resident
male often reacts aggressively,  As the female ripens. she becomes less ageressive and
approaches the male with her back arched and the dorsal fin pressed down, which suppresses
male aggression. (In contrast. however, temale T2 wrercns ervect their dorsal fin (Tack, 19710,
The male grayling approaches her and wrembles, He does not erect his fins ar bite n this courting
act. Initially. the female tflees but returns to complete the act. The males™ treimbling intensifies to
avery quick vibration, He erects his fins to their tullest extent. tilts over on his side so that the

female’s back is covered with his Large dorsal fin and part of his back. The caudal area 15 bent




lateralty, crossing over the tail of the female. pressing 1t down against the bottom. The bodics of
the two fish form a cross shape. Vigorous (lapping movements of the tul fin follow (more or less
horizontally and close to the ground). The temale begins trembling. supporting hersell on her
pelvics and bending the caudal part ot her body very sharply and dorsoventrally. so that the anal
fin is pressed agamst the ground whilst the tul and tore-part ot her body are tifted. Very intense
trembling movements vceur at the caudal end of her body. to the extent that the adipose fin s
buried bencath the gravel. Once this has reached a maximum. the female vpens her mouth wide
tor several secands. This is the stimulus for male orgasm. The male gapes and a jomt orgasm
follows. A sharp flick pushes the genital openings down deep where the eggs and mile are
released. The duration of this is 14 seconds. Immediately after this. the male artacks the female
who retabiates or flees. All BEuropean grayling spawning acts occur in the afternoon or ¢vening as
compared to those of 7o arcricus which occur between 2000 hours and 02000 hours (Van Wyhe.

19621

5.5 Spawning habitat

Grayling belong to a group ol Jithophils which hide their brood under gravel and do not guard the
deposited eggs (Balon, 19751 European grayling ditfer from salmon and trout in that the redd
(nest) is excavated by the male rather than the female (neither the male nor female Arctic
arayling prepares a redd (Warner, 1955)). The male subsequently defends it as his own territory
and. being promiscuous, spawns several times in it with different females (Cihar, [998: Fabricius
& Gustafson. 19551 Such promiscuity is of mutual benefit to both the male and female: the
former increasing the genetic diversity of his offspring and the latter. again increasing progeny
diversity but also by spreading her eggs. the female increases her chances of egg survival in the

lace of local impacts on the habitat (Beauchamp. 1990).

Site selection also differs in that salmon/trour choose redds towards the downstream end of pools
(Hebbs, 1937 Swoart, 19530 whereas in grayling. spawning takes place at the upstream end ol a
pool (Fabricius & Gustatson, 1955). The egas are amber coloured (Cihar, 1998) and buried at
much shallower depths than those of trout or salnon (Crisp. 19963, Studies ot cumulative curves

ol ovulation ot grayling in France, indicated that a decrease in water temperature during the

LA



spawniing period reduces or inhibits the ovulation process (Maisse et al. [9871 Optimum
spawning of the European grayling occurs at a constant temperature of =35 “C (Maisse et al.
FORT). huwever the Arctic grayling spawns at temperatures of between 2 and 10°C (Tryon, 1947
Wojcik. 19540 Rawson, 1950: Warner, 1957: Kruse. 1959: Reed, 1964: Williams. 1965: Bishop.
1971 Netsch, 1975: Wells, 1968: Fualk et al. 1982). The spawning period lasts between two and

24 days (Kratt and Smith, 1977).

Territory size is a tunction of the amount of visual isolation within a particular stretch of river.
The greater the frequency of large rocks or Iogs. preventing grayling viewing each other. the
more territortes that particular area can support (Fabricius & Gustatson. 1955). The less
favourable the selection of site, the more cramped the territuries become. having a negative
knock-on effect on spawning success.  [n addition. males become mare aggressive and use up
energy during interference with neighbouring males. in addition to driving females away
(Beauchamp, 1990
The mean size of a FEuropean gravling territory has been found to be 2.6m° (Fabricius &
Gustalson, 1955) with some as laree as 3.2m” (Crisp. 1996). Spawning sites tend o be oval in
shape with the length of the longitudinal axis most likely related 1o the length of the *host™ fish
{Sempeski & Gaudin, 1995a). Those of 7. arcricus are commonly oval also and are between one

and 10m* (Tack. 1971).

In obscervations by Fabricius & Gustatfson (1955), all spawning acts ook place on gravel banks

approximately (0.3 m™ which were present in every territory.  The spawning sites we casily

identifiable as the substrate is very clean and forms small. oval light spets on the dark bottom of

rivers. In additton. onee eges are laid, gravel is removed and depressions are notable in the
substrate iSempeskt & Gaudin, 19950). Grayviing eges are deposited ander 5em or less ol fine
aravel (Z-3em in the case ot the Arctic grayling according to Van Wyhe (1962)). Such a depth is
shallower than for trout eggs, which are also faid in coarser substrate. Gravling eges are theretore
more suseeptible to being washed our by large floods (Wooelland. 1986a). It has been sugpested

that these comparatively shallow nests result in greater exposure o daily fluctuations of light and
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temperature (Bardonnee & Gaudin, 1990). However. a limited oxygen supply 1s less likely to be

2 problem (Crisp. 1996).

5.6 Substrate

In the River Indalsalven in Sweden, T thrvimallus epgs were found where the bortom substrate
consisted predominantly of gravel (Gonezio 19893 (Table 7). This 1s also the case tor 71 arcticus

{Tack. 197 1) {for whom the common spawning gravel particle size is between 0.75 and 3.81 cm.

No eges have ever been located in sand or fine silt (Nelson, 19543,

Table 7. Percentage composition of bottom substrate on the spawning ground of grayling

in the River Indalsalven, Sweden (Gonczi, 1989).

Substrate Substrate size (cm) Percentage {5¢)
Sand 5-15
Gravel <2 40-70
Small stones 2-10 20-340
Bigger stones >0 Few

Sempeski and Gaudin (19935h) have suggested a predominance of fine and coarse gravel with tine
pebble and fine gravel adjacent to the spawning site. very similar to that also described by

Darchambeau & Poncim (19971,

T. arcrews usually spawns on gravel substrate similarly. The preferred areas are the transition
regions bridging the lower end ot a riftle and a poel (Bishop, 1951: Nelseon, 195345, Spawning has
never. in common with that ot the European grayling, been reported as spawning over mud. sili

or cluy beds {Bishop. 1971 and Nelson, {954},



5.7 Water velocity

The mmportance of water velocity relates to the maintenance ot the eggs below the substrate
surtace. It velocity is high. the likelihood of cgy dislodgement is increased.  In addition. high
flow rates could flush proceeding larval stages into arcus where feod abundance is sparse. or
pouls which are only accessible at high water (Clark. 1992). The temperature of the water may
also be reduced as a result of mixing at high velocities which will slow the rate of cgg
development (Clark, 1992) and similarly. increased turbidity affects larval development by

reducing feeding efticiency (Clark, 1992},

[n general, a moderate velocity is required at spawning sites (Table X)), ranging from 20-%em/s
(Gonezi, 1989 Sempeski & Gaudin, [9950). Resting pools are also essential at any site and the
mean current velocity has been found o be much lower (13.7cm/s) in these poals (Sempeskl &
Gaudim. 1995a). Tiarcticies male territories have been documented as having an averagze velocity

of between (.34 and .46 m/s (Kreuger. 1981).

Table 8: Velocities measured (cm/s) at spawning sites at the Rivers Pollon and River Suran.

France (Sempeski & Gaudin, 1993a).

Pasition Pollon (cavs) Suran {cm/s)
Mean velocity 478 477
Mean bottom velocity 37.2 337

5.8 Water depth

Depth is an mpoertant consideration during spawning in view ot the fuct that the eges we buried
and left e develop. The water must be decp encugh to reduce the chance ot being de-watered

and exposed to lethally high temperatures ( Beauchamp. 1990).

Water depth varies signiticantly trom year to year and from site to site {(Sempeski & Guaudin,

19954) (Table 9. Darchambeau & Poncin (19973 found that most spawnings occurred at depths
) I ¢ I




of 20-55¢m in Belgium. Gonezi (1989) tfound a preference tfor mean depths of 36em in Sweden.

Alaskan Arctic aravling commonly spawned at o depth of | foot (Tack, 1971).

Table 9. The depths (cm) selected by European grayling as spawning sites at the River

Pollon and the Suran, France (Sempeski & Gaudin, 1995a).

Selection Depth (¢m)
Pullon Suran
Strongly selected 10— 40 20-30
Avoided <10 ar >60) <10 or =40)

3.9 New methods of studying spawning behaviour

It is possible that spawning may oceur 0 different but upcbservable conditions for example in
turbid waters (Persat & Zakharia, 1993). Spawning produces noises related to the displacement
of pebbles.  These can be detected using a hvdrophone (Persat & Zakharia, 1993) und can
subsequently be mterpreted using what has been termed the passive sonar equation (Urick, TUR3),
In one study by Persat & Zakharia (19933, a hydrophone was hung from a rod. 2Zm from the
riverbank. Maximum activity was identified in the afternoon and mimimum in the early morning.

An acoustic method could well be viable w the investigation of spawning behaviour.

6.0} Unusual courting/spawning observations

Visual as well as acoustic and wvibrational cues are extremely important in fish spawning
behaviour (Persat & Zakharia, 1993 Satou er ol 19870 1991). In the River Ourthe, Belgium. a
large grayling was observed trying to spawn with a barbel (Poncing 19940 The barbel was
motionless. quite like the submissive female grayling.  In addition, barbels produce a gravel
noise. which may also have attracted the male grayling. Homosexual spawning attempts have
also been reported (Tabricius & Gustafson, 1955). Hermaphroditism s rarely reported in
Salmonidae. and unul 1991, had never been documented in grayling.  However. an

hermaphrodite grayling was discovered in the River Nysa Klodzka, Lower Silesia. Poland
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(Blachuta eraf.. 199 1), displaying both male and temale gonads which were smaller than those ot

the true sex and a unique dorsal fin,

6.1 Hybridisation between grayling species

Shubin and Zakharov (1984) documented the presence of hybrids in some rivers ol the polar and
sub-polar Ural. which had developed between European and Arctic grayling in their secondary
contact zone {Mayr, 1968). These hybrids were verified as being such by identification of the
fractional composition of serum proteins in most cases but also on the basis of visihle

exanunation (Shubin and Zakharov. 19847,

0.2 Emergence

Alter spawning, the fertilised T. rhvmalluy eggs remain in the gravel for approximately 77
degree-days tor 22 days at 8.05°C) after which they hatch (d'Hulstere & Philippart. 19821 The
average hatching time of 70 arericuy has been given as 180,24 degree-days at a mean temperature
of 3.8°C (Kratt and Smith. 19777, tHowever, individuals have been reported as hatching after 8
days at 15.5°C (124 degree-duays) (Wojcik. 1955). Hatching in 77 thvmallns has been found
oceur at an opumum temperature range of 7-11°C. Hatching time decreases with increasing
temperature (Humpesch, 19857 and mortality ot hatching has been stated as being {5
{d"Hulstere & Philippart, 1982). Mortality, of course. will be highly site specific and vary trom

year 1o year depending on both biotic and abwotic factors.

After 4-5 days in the gravel. teeding on their yolk sic, both European and Arctic fry emerge.

This period of cover is required. as the embryos are unable o cope with water cureents prior ta

becoming swim-up try (Brown. [938: Bishop. 1971). The fry begin feeding near the water
surtfuce even betore the yolk sae has been fully absorbed (Kratt and Smith, 1977: Scott. 1983
Complete reabsorption of the yolk sac occurs after 12 days (156 degree-days) (Scott. TOXS),
Bardonnet & Gaudin (1991) have suggested emergence as being 10 days post-hatching

(approximately 276-3207Days ol incubation?,




When the hatchlings tirst emerge their tork length size ranges 1rom [5-19mm (Scou, [985:
Sempeski & Gaudin, 19950). Emergence ditfers from other salmonids in that it is diurnal rather
than nocturnal (Brannan, 1987: Elliott. 1956). The majority of grayling fry emerges with o peak
at dawn (Bardonnet & Gaudin, 1990: Gaudin & Persat. 1985} but do not commence downstream
displacement until nighttall (Bardonnet & Gaudin, 1990). Such nocturnal movement may be a
predator-avoidance strategy (Godin, 19820 Gustafson-Marjanen & Dowse, 1983), Alternatively,
prolonged presence in dayhght may facilitate the familiarisation ot the fry with their surroundings
(Bardonnet & Gaudin, 1990). The displuy ot maximum activity during the coldest hours is

contrary to expected animal activity which usually ncreases with mereasing temperature.
6.3 The variation in habitat requirements, according to grayling developmental stage

It is clear that ditferent life-stages of grayling require specitic habitat types in order to survive,
Three main habuat divisions have been identified in streams tor the European graviing (Sempeski
et al. 19981

¢ T'he main channel: generally the middle of the stream with the fastest siow rale.

e T'he dead zone: marginal areas with the slowest flow rate.

e The transition zone: between the dead zone and main channel with an intermediate flow rate.

The distribution ot grayling is related to current speed in view of the fact that the greater the fish
size, the stronger the region of current they can oceupy.  Juveniles have been tound to occupy
areas where current speeds are approximately 30% of their median swimming capability {Scott.
TOR5). As gravling grow, their Tength and their mouth gape size increases. Their ability to detect
and capture prey and to swim, erease. allowing them to inhabit & much wider spectrum of
habitats.  They can theretore mmimise energy expenditure and maximise optimal fitness

(Guma’a. 1978 Schimidt & O Brien. 1982; Schmidt & Holbrook, 1984).

The hydrodynamic potential of any fish is very important tor the colonisation of new habitats. A
shift trom the dead zope. to the transition, to the main channel corresponds 1o an increase in the
square of the current velocity (Sagnes ¢f of.. 1997). Thus. a shift in habitat with increasing size

not only tacilitates predator aveitdance and foraging behaviour (Clark & Levy. 1985: Harvey.



1991 Schlosser. 1987) but alse incorporates body shape and vptimisation of hydrodynaniic
potential in relation to flow foree (Sagnes er af. 1997). Figure 2 gives a ecneral outline of the
| shift in habitat type with increasing size and age of grayling. This s the case for both Arctic and

Luropean grayling,

LARVAL S JUST EMERGED (3cnin

<Z20cm from beanks.

DEAD ZONES

POST-LEMERGENTUARYVAE (Gen) — June

=T @ depihy 20-80cr] fust flowing zones near riffie

TRANSIUTION ZONES

Julv - =0cm. Highen velocities. Few near banky.

Velocities »30-60dm/ss and depths 30-40cm

MAIN CHANNEL

Figure 2. Shift in habitat type with different life-stages of grayling (Bardonnet et af., 1991).

When larvae first emerge. they are relatively weak swimmers and tend to aveid habitats with
steep banks or deep depths {Bardonnet ¢r af.. 1991). They must learn guickly to lecate food as
the volk sac is almost consumed and the veseophageal plug may not yet be removed. inhibitig
feeding particularly it they are unable to fill their swim bladder {Bardonnet er of.. 19931, The
larvae are alse m a comparatively exposed habitat. [t is. thus, the dead zones which provide o
vitul nursery habitat for fry in the first fow weeks post-emergence as they reduce energy costs by
minmising swimming activity and favouring the capture of drifting food particles (Sempeski &
Gaudin, 1995¢: Sempeskt er af.. 1998, Such zones also aid predator avoidance and most likely

will decrease the potential of encountering large fish such as brown trout or pike which would




have ditticulty swimming in water of less than Sem depth (Sempeski ¢r af., 1998 Such is the
case tor Arctic grayling fry. which are also known to inhabit interstitial waters in between
boulders (Kreuger, 1981). "The fry stuge 15 known to be the least temperature sensitive and are
able to telerate between 16,7 und 24.5 °C (LaPerriere and Carlson. 19730, They are in addition
able ro wlerate low oxygen wnsion of between L4 mg/l at 8°C o L8 mg/L at 20°C (Feldmuth
and Eriksen, 19783 The mean cureent velocity mhabited by T, aroricuy fry s G.0700/s, increusing

w O 1em/s molder fry (Chisiett and Stuart. 1979).

As the post-emergent fry grow (20-28 mm) (Scott. 1Y) they move T or more away from the
bank and 1o depths ot between 20 and 80vm. These zones have a higher velocity, tending to be
riftlc and mid-channel areas (Bardonnet er ol 1991). Larger fry will move to the transition zone.
allowing the fish to observe and catch drifting prey in both the dead zone and main channel

whilst remaining protected from strong currents. (o minunise energy consumption (Bardannet o

al.. 1991 Sempeski er al.. 1998),

The distribution of grayling varies between night and day.  As juveniles develop. they migrate
during the day from the dead zone to the main channel, Once the grayling have attained 60mm or
more they leave the marginal habitats, At night. all size classes have been ubserved in the dead
zone and those 20-50mm in length were regularly distributed from the bank to the limit of the
channel (Bardonnet & Gaudin, 19913 Behaviour also varies between night and day. Grayling
teed 1 the water column and less frequently on the bottom during the day. whilst at night. they

tend to rest on the bottom (Sempesks & Gaudin, 1995¢h

In considering all ot the information regarding the physical and chemical habitat requirements at
each stage ol the grayhing hife history, it 1s clear that in order for gravling to colonise an area «

variety ot habitats are required.




7 Foraging and diet

Food availability and the capacity to obtain it etficiently are vital il 2 species 18 0 survive in o
particular habitat tproviding that alt other parameters are suitable). For juvenile. inexperienced
grayling. foraging can be perilous and is accompanied by high mortality rates. especially at the

irst feeding stage (Allen. 1951 Elliott. 1984).

Grayling lurvae torage pelagically and feed on drift in the upper layvers of the river. As juveniles.
they tend to hold a benthic feeding station in the river channel within Scm of the surface {Scortt.
1985) and catch drifting invertebrates (Sempeski er /.. 1999). It is in the older stages that the
grayling begin bottom feeding although they frequently rise to the surtace to intercept flouting
prey (Peterson. 1968). Haugen & Rygge (1996a) have stated that grayling remaimed teeding in the

upper layers until they attwined «a length of 150mm.

As previously discussed, the shitt in habitat with lifestage 18 closely refated to changes
toraging strategy.  Feeding usually begins on first emergence to surface waters (Penaz. 1975).
However. Arctic grayling have been documented as teeding tour days post-hatching (Brown and
Buck, 1939). As the fish grows. the mouth gape diameter mcereases. enabling the grayling to
consume o greater variety of larger prey items (Sempeski & Gaudin. [996). In addition. foraging
etficiency increases with increasing age and size. In one study, it was discovered that foraging
attempts of grayhing larvae produced as many non-prey items as prey ilems (Drost. [Y87:
MacCrimmon and Twongo. 1980). Larvae do not usually move very lar o mtercept drifting

prey. often less than 30% of their body length iScott, 1983). Larvae of other salmonids, tend to

leed on zoobenthos rather than drtung larvae (Maitdund. 1965). The maximum fzeding activity

of trayling s at dawn and dusk although they also feed continuously during the day and not a all

during the might (Scott. 1983), Arctic grayling teed predominantly in the day also (Reed. 1964

The relationship between grayling dominance hierarchy within u population and the feeding
position ceeupied by an individual, has been proven by Hughes (19921, He demoenstrated that in
a habitat where there was a ditterence in the desirability ot teeding stations, the resident gravhng

population would compete and sort itselt according to rank into such stations with the most




dominant tish inhabiting the “best” Tocation (Hughes. [992). The reason for this system of
ranking is because grayling adults as drift teeders. select leeding positions which maximise rheir

Net Encrey Intake (NED (Hughes, 1992).

The type of prey consumed by grayling varies with age. In general, juveniles feed on chirenomid
larvae and  microcrustacea such as copepods. whilst adults teed on chirononud  pupae.
ephemcroptera. simulidae and trichoptera (Scott. 1985). The number of prey tems also dilters
with size; lareer grayling consume more prey items {Sempeskt & Gaudin, 1996). The feeding
strategy adopted by juvenile graylings depends heavily on the physical attributes ot their habitat.
Seasonal variation also plays a significant role in the diet (Hellawell, 1971). Arctic grayling are

active feeders during the summer (June and early July (Reed. [964).

The larvae of the European grayling have been found to specialise mainly on chironomid larvae
rrespective ol the diversity of invertebrates available (Carmie & Cuinat, 1984: Jenmings. [983:

Scott, 1985: Sempeski ¢ al.o 19950 Witkowskt ef al.. 19840 Woolland, 19874:  Altheugh

Juveniles exhibited greater diversity in therr consumption of copepods and  oligochuetes.

chironomid larvae and pupae still constituted maore than Y0% of prey ingested (Sempeski er af..
1995h). This 1s also true of Arctic grayling larvae (Elliot, 1980, [982).  Such prey are
energetically profitable at 3500cul/g dry weight (Mashin & Patee, T981) and are easy 10 ingest.
hence reducing encrey expenditure in catching it. Other species such as oligochaetes and
zooplankton are energetically costly to catch and hence. it is untavourable Tor grayling to actively
pursue such prey (Dreance e al.. 1978 Schoidt & O Brien, 1982). However, in lake systems
Arctic grayling have been reported as feeding on zooplankton (Evans and O’ Brien. 1988). A
search strategy has also been described for 7, arcricus. allowing greater etficiency in the capture

of such prey (Fvans and O Brien. TURE).

Trichoptera were also important for all ages with small caddis larvae such as Agapetus beng
consumed by jquventle graylmg and larger prey including Potumophylax, by older grayling
{Woolland. 19874 Temperature can imfluence teeding activity, Woolland (19874) tound the
greatest leeding activity at intermediate temperatures with maximum and minimum temperatures

resulting 1in low feeding intensity.
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Arctic grayling have similar feeding preference (Table [0), Individuals commonly ingest food

found un the water surface or column bur not the streambed (Vascotie. [97(0: Vascorto and

Muorrow, 1973),

However. in autumn. they have been reported as feeding on the hottont when

dritt is less prevalent (Morrow. 19803, In addition. bottom teeding is commun in lakes (Waojcik.

195 Yoshihara, 1972).

Table 10.

grayling.

A comparison of the recorded food ingested by the European and Arctic

Prev item

Luropean grayhing

Arctic grayling

Adult aguatlic insects
{caddis fly.
dipteran)

Larval aguatic insects
(dipteran, caddis fly.

maytly. cladocera,

trichoptera. ephemeropta)

Zoaoplankton

Phytuplankton

Gastropods

Terrestrial invertebrates

Salmon eggs
Inconnu eges
(Sterodus feucichthys)
Grayling eg

oy
g8

maylly.

(Scort, 1985}

*(Scott, [983)

*(Drenner ar al.. 1978:
Schmidt & O Brien, 1982
* {www fishbuse.oreuk,
1099)

* (www . Tishbase.org.uk,
(9495

¥ (Ohigochaeta) {Drenner af
al 1978 Schmidt &

O Brien. 1982

* (Hellawell. 1971)

e

Juvenile and adult food {(Van
Wyhe. 1964; de Bruyn and McCart,
19743

Mostly fry food (Wojcik, 1933
Bishop. 19717 Yuoshihara,  1972:

Furniss, 1974, 1975)

Wik, 1954: Yoshihara. 1972)

 (www fishbase.org.uk. 199Y)

¥ (Wojeik. 19540 Yoshthara, 1972)
(Coleoptera) (Craig and  Poulin.

1974 de Bruyn and McCart. 1974:

Reed, 19647

*(Schallock, 1960 Al [YK(H

*{AlL 1969)

*{Warner. 1958}

26




Table 10. A comparison of the recorded lood ingested by the European and Arctic grayling

(continued).

Cyprinid cges

Sockeye salmon fry
(Onchorhyvnchis nevked)
Nine-spine suickleback
(Pungreios pangifiuy)
Mamimals (shrews,
lemmings)

Birds

Marine worms

Marine crustaceans

{1sopods)
Cnidarians

Echinoderms

Cephalopods

¥ (Hellawell, 1971

F{www tishbase.org,

19949

* (www Tishbase.org,

1999}

* (www tishbase.org,

19995

 (www fishbase.org.

1990}

* (www fishbasc.org.

1999)

* (www. fishbasc.org.

1999)

* (www fishbase.org.

1999}

¥ (www fishbase.org,

1999

ulk.

uk,

uk.

—

uk.

uk.

P

1k.

1k.

iWilliams, 1969)

* {de Bruyn und McCuart. [974)

* {Reed. 1964 de Br

McCart, 19740 Alt.

* (www. fishbase.org

* {www . fishbase.org

*(Tuck, 1980)

*{www fishbase.org

* (www.tishbase org

* {www.tishbase.org

uyn and
R0
uke 1LY

k. 1999

uk. 1990

uk. 19949)

Suk. 1999

Terrestrial invertebrates have been found to be an under utilised resource by grayling in the River

Frome in England. with 4.3% by volume being consumed by O+ grayling and 0-0.1% by volume

in older age classes (Keay, 1990).

clsewhere when aguatic inscets were scarce (Dahll 1962),

However, an icrease in terrestrial intake has been found

Fish were generally not eaten but

cyprinid and salmomid eges were eaten during certain seasons (Hellawell, 1971), Studies carried

out on the stomach contents of grayling from the River Test and ltchen. provided no evidence of

predation on other tish species (Lemen. 1994). Gravel has been found in stomach contents which

[}
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nity be a deliberate act to help with food mastication. mistaken identification or in conjunction

with the consumption ot caddis cases (Keay. 19903,

There have been few studies investigating grayling interspecitic feeding interactions.  Wojcik

(1954) reported that there was ne competition between Arctic graviing. whitetish and lake charr

tor food.  However. Pearse (1974) compared stomach contents for the same species and
concluded that Arctic grayling and whitefish ted and therefore perhaps competed for, the same

[oud.

8 Age and growth rate

The wee of European and Arctic grayhng and indeed all tish. is determined by examination ot

annulus formation on the scales {Woolland. 1987b). Scale formation takes plice when gravling
have attained a length ot 33.5-37mm. They ure initially luid down aleng the Tateral line (Browis,
1943: Gustafson, 1948; Peterson. 1968). In the River Wylye. O+ - 2+ scales were simpie to read
and ndicated rapid growth of the species in the first two vears (Pinder er af.0 19991, Beyond the
age of tivel it s reported o be difficult to read annuli as the growth rate slows and the annuh
become very densely packed (Roguski and Winslow. 1969 Roguski and Tack. 1970: Engel.

1973). A comparison of the use of ototiths and scules as ugeing tools. showed that mterpretations

ol both give similar ages for fish aged 7 and 8. however. scales underestimated the ages of older

fish (MceCart et al. 19720 de Bruyn and McCart, 1974: Craig and Poulin, 1975). The reason for
this hemg that otohths constantly lay down clear annuli during the Tite of the fish. whereas scale
annult become denser with age {Nordeng. 1961, Hence. data mvolving older fish, which have

been aged using scales, must be interpreted with caution.

The age at which grayling attain sexual maturiey depends heavily on geographical location. Lor

example, in the River Lugg. Heretordshire, European grayling did not reach sexual maturity until
the end of the third year (2+ tish) (Hellawell, 196Y). T arorices populations studies in Adaska
matured between tour and gight vears (Tack, 19743, In the North Slope this extends to between

six and nine yeuars and the interior system four and six years {Tack. 1974,




However. maturity is more dependent upon size (Armstrong, 19861 In older 70 thyvinallus.
vrowth was most rapid from April to June with no turther growth unti] November.  Other studices
have shown that erowth was optimal from spring until autumn with lictle occurring in winter
(Hellawell, 1969: 1975 Woolland, T987h). Growth rate 1s most rapid in the tirst three years of
lite untii the grayling are sexually mature. It then declines rapidly to a much lower, stable rate
(Hellawell, 1969 Witkowski ¢r af.. 1989).  Growth rates of grayling vary throughout Europe.

The English grayling appears to grow more in the first year than any other population studicd.

There has been little documentation ot the growth rates of first season 7. arcricus juveniles
(Armstrong. 19861, However, it is known that 70 arcricus fry can attain a length of between 45
and 70mm in their first sunumer and 40mm n subsequent yvears to the age of VI (Craig and
Poulin. 1975; Netsch, 19751, Such rates depend upon the time of hatching and hence the duration
ol the potential growing season (Armstrong, [1986), In addition, the location of the hatchimgs.
determining the availability of food and water temperature, attects growth (Armstrong, [986).
The majority of 7. arcticus growth studies have focused on pose-first year growth,  Again this
varies according to the system studied. altheugh vartation between systems m o similar
acographical location is less (Armstrong. 1986). Growth rates are slowest, longevity 1s longer
and individuals are generally smaller for grayling in northern Alaska.  The opposite is true in
southern Alaska (Kruse. 1959 Craig and Poulin, 1974 Armstrong, 1986). Growth takes place
predominantly during the summer months and 1s one tenth of this tor the rest of the vear

{Armstrong. 98567

Muales display faster growth rates than females in 7. thvmalluy (Haughen & Rypa, 1996b:
Huitteldt-Kuaas, 1927 Sdmme. 1935}, this however, has not been found to be the case tor
T. arcrcus tor which growth rates are similar for both sexes (Tack, 1971, 1974: McCart et al.

1972 de Brayn and MceCart, 19742 Craig and Poulin, 1975).

Growth rates depend on both biotic and abiotic fuctors (Witkowski er al., 1989) of which
temperature, river size and length of vegetation season are most influential (Persat & Patee, 1981
Witkowski er «f.. 1984). At higher latitudes, fish grow more slowly,  Flence. in central and

Western Europe, growth rates are very high whilst in the Urals on the eastern edge ot Furope.
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arowth is slow (Witkowski e af.. 1989). Growth increases with MCreasing temperature ap to o
certain threshold vatue. which depends on the river system, atter which, growth decreases. In

France, this upper fimit has been found o be 17°C (Persat & Patee, 1981).

Grayling exhibit a relatively short life span. in most cases reaching three or four vears maximum
(Witkowski ef al.. T989).  In the River Bela. of the former Crechoslovakia, 90% of grayling
were two and three year olds (Nagy. [984). The oldest grayling found at Llyn Tegid and the
River Dee in Wales were i+ and 7+ (Woolland 1987b), The maximum recorded age elsewhere
has been 7+ and 8+ although a gravling ot ten vears was recorded in Scandinavia and one of 13
m Yugoslvia (Somme, 1935; Woolland, 1987b}. In Britain, they may live 1o up to nine vears
(Maitland & Campbell, 1992). For example. in the River Wharte. Yorkshire, one grayling was
caught that was older than its fourth summer (Axtord. 1991} In general. the longer-lived

populuations are found mainly at higher latitudes (Cihar, 1998).

By comparison. the hfe span ot the Arctic grayling varics according to geographical location.
Ages of between seven and 11 vears have been recorded for populations in Montana and
Wyonung (Brown. [938: Nelson, 1954; Curtis. 1977). whereas in Alaska. fish reach between 15

and 22 years of age {de Bruyn and McCuart. 1974 Armstrong. [986).

9 Population studies

The accurate estimation of grayling populations 1s difficult as spring tlooding and the presence of

ice remove the possibility of using weirs (Armstrong, 1986).  Those studies which have been
conducted., have focused on the annual survey of a streteh of water o vield a long term dara set
and some mdication of population size.  However, most ol such studies have been mude by
electro-lishing which s selective towards fish larger than 150mm and hence an accurate
assessment of the population is not obtained.  The Targest estimate of an Arctic gravling

population was using hook and line. Roguski and Tack {19707 estimated a population of nearly

FT.000 w a stream between Long Tangle and Lower Tungle Lake in Alaska.  Other. snialler

populations studies have heen conducted in Alaska by: Paddock and Whitehead (1970).

Stedelman and Cunningham (1972). Gwartney ( 1980).
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10 Fish movements: Migration and homing

Grayling display vartous torms of movement and migration.  These range from spawning
migrations such as river to tributary. lake to tributary. sea to river. foraging trips, diel migrations
and shifts i habitat with age.  Often grayling make shori-term toraging wips and return to u
specific “spot’ in its own territory, occupying what is known as its home range. Movements are

also seasonal (Table 11).

Table 11. Scasonal shifts in habitat (depth and position) of grayling (Greenberg et al, 1996).

Parameter  Winrer Spring Summer Autuinn
Depth (m)  Moderate Large small Shallows
I 2m Shallows
Position Shelter from More scattered Back to lake.
CUITEnts ¢.g. All over esp. streqin erc.
depressions midsiream
Congregale 1 one Spawning Most in/near
spaot migration spawnmg grounds

Netsch (1975) and Tack (1980) have extensively researched the migratory routes ot Arctic
grayling in Alaska. Tack (1980} stated that the sources of water supplyvmg o river/stream
determined its use by grayling (Table 12). The variety of systems utilised by prayling is a
reflection of their spawning cycle in spring and summer and the tact that their try mature rapidly

allowing them to disperse from an area prior to solatien (Tack. T980).
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Table 12. The uses of river/stream systems, which differ in their source of water, by Arctic

arayling (Tack, 1980).

Type of system Use ol water system
Glacier-fed Overwintering. migratory route
Spring-ted Peeding

Bog-fed Spawning. feeding

Unsilted run-oft Spawnmg. feeding. overwintering

10.T Homing

There are several ditferent types of migrations in grayling:

e River {teed) - Tributaries (spawn)
o lake (feed) - Tributaries (spawn)
e Sea(feed) - River (spawn)*®

*Grayling can remain there tor at lease one year, all returning to the same stream/tributary for

spawning and back to therr own resident stream (Peterson, 1965),

10.11 Migrations and homing to spawning areas

The most notable migration 1s that of the adult male and temule graylings, ascending the rivers to
spawi. Homing is the abiliy of a fish to return to sts natal river and is one method ot ensuring
reproductive isolation (Pavloy er af.. 19981 and a return to a river system with the environmental
requirements suitable or optimal for that particulu organism.  Such movement is related

cmperature and phases of the moon (Witkowski & Kowalseski, TU88).  The most intense

nugratory response is associated with high temperatures and a full moon (Gustatson, [949:
Witkowski & Kowalseski. 1988). Tn the Arctic grayling. spawning migrations are associited
with the rise m temperature to [°C. This coincides with spring discharge (Tack. T980). Such

temperatures have been recorded during mid-April (southern Alaskad to carly-Tune {Northern

a
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Alaska) (Tack, 1980,

T, arcricis has been recorded as travelling up to 150km to locate suitable

spawning grounds (Nelson, 19540 Reed. 1964).
Witkowski & Kowaleski (1988) conducted mark-recapture surveys on Buropean grayling and
discovered that only 18.7% went back 1o spawrt in their home stream.  Pavlov ¢ af. (1998

however, found that homing success varied with age (Table 13,

Table 13, The homing success (% returns) of different aged gravling (Pavlov ct al, 1998).

Age of tish % Homing success
{0+ 2.5%: returned
2+ 92.3% returned

24 - 5+ 57.7% returned

1 7% overall strayed

Radio tracking has been used recently to study the spawning migration of the grayling i the
Aisne River, Belgium (Parkinson er al., 1999). Six fish were studied, all of which returned to the
site where they had originally been captured.  This has also been found m studies in Norway
(Kristiansen, 19807 and Poland (Witkowskl & Kowalseki, [988).  In the Aisne. ull the tish
displayved high fidelity to a precise pool-riftle sequence during the late winter/spring (Parkinsen
er ol 1999) 1t has since been difficult to discover the exact mechanism controlling such homing

behuviour but the use of pheromones as guidance cues has been suggested (Doving er al.. 1980,

Such hemimg abilities and spawning site fidelity have not as yet been contirmed tor 7. arcticus.
however, this has been documented tor homing to feeding sites and it theretore inferred that the
siame 18 the case tor spawning sites (Tack. 1980). Overwintering grayling migrate to spawning

areas nevery case except in lurge unsilted rapid run-off rivers (Tack, 1980),
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16.2 Feeding migrations

Adtule grayling migrate from spawning to feeding grounds for the summer months. where food
will be plentitul (Craig and Poulin, 19751, Teeding tidelity has been demonstrated in the Arctic
eruyling. in tributaries ot the Tanana River in Alaska. where Y9% of recaptured gravling were
made i the sume river as they were originally tagged (Tack, 19801, Such migrations vary
according to age. the type of overwintering systemn and the type of spawning system (Armstrong.
FIN0). However. for the first year, Arctic grayling are thought to remain in their natal area to

feed.

Migrating grayling travelling w unsilted rivers to feed. vary in their exact destination within the
system gccording to age. For example. Juveniles (1.2 and 3 vears) tend to reside m the Tower
regions of rivers: pre-adult (4.5 and 6 years) occupy the mid-regions and the adults (7 and over}

the uppermost regions {Armstrong, 1986),

The mugrations to spring-fed systems are not as clearly defined as there are no overwintering or
spawning populations in such areas and the origin ot teeding migrations s therefore unknown.
However, tagging studies have shown that most adults spawning m bog-ted systems migrate o

those which are spring-fed (Armstrong. 19867,

10.3 Migrations to overwintering sites

Overwintering migration allows tish to reduce the chance of them being present i a body of

witer. which may freeze, inautumn. all ages of Arctic gravhing leave the bog-ted and spring—ted
tributaries  which normally treeze up and migrate to predominantly  groundwiater streams
tArmstrong. [986). Some grayhing have been reported as migrating as early as mid-July and
conversely as late as December (Armstrong, 19863, Overwinterme s also seen an lakes
cArmstreng. 1986). Current velocities in overwintering sites are usually low (<015 m/s)

(Kreuger, [981) and dissolved oxygen varies between (L6 and 4.8 mg/I. {Bendock. 1980,




The distance, over which Arctic graylimg will travel to reach their overwintering destination.
varies greatly.  For example, some populations will be resident adjacent to overwintering areus
such as groundwater sowrces or lakes (Armstrong, 1986),  However, certain individuals may

cover hetween 130 and 160km (Armstrong. [Y86).

10.4 Home ranges

Must stream fish tall into one of two categories:

a) A large static group which occupy a home range and hold o specific station m their rerritery,
occasionally conducting foraging trips within a specified arca around it.

b) Those which torage widely and do not appear to held any particular territory.  In the River
Dec. Wales. fish have been found to move very little and occupy a home range (Woolland.
19860). In the Llyn Tegid. Wales. home runges were absent or they occupied non-specitic weas.

swimming randomly in a particular habitat which suited their requirements (Woolland. 1986b).

11 Comparison of grayling with other species

Although grayling are o member of the salmonidae. they are perceived as a coarse fish and the
anglers” view ot it can be somewhat divided and controversial. Some salmonid anglers consider
the grayling to be vermin and have in view ot this tried to eradicate it.  Such an opinion is
maintained. as they perceive the grayling o actively outcompete the salmon/trout tishery for tood
and habitat space. However, litle work has been conducted ro disprove such theories. In lact.
recent studies have shown that habitat partitioning and a division of resources exists in strecams

where grayling and trout co-exist and an eflective sympatry ensues.

In interspecitic relationships. sympatry has been shown to induce competition (Everest &
Chapman, 1972 Fauch & White. 1981: MacCrimmon et al., 1983) and where aggression towards
each other is obyvious, hubitat segregation is essential (Greenberg ef af.. 19963 However, a high
degree of microhabitat segregation oceurs between gravling (both Arctic and European) and
brown trout. The hist below pives details on different aspects of the ecology ot erayling. salimon

and brown trout:
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Female brown trout and salmon excavate the redd and maintain this tervitory  during
spawning. In grayling, however, it is the male which digs the nest and holds the spawninge
station {Cihar, 1998).

Brown trout and salmon are autumn spawners whereas grayling are spring spawnevs (Clark,
1992 Crisp. 1996: Gonezi, 1989: Scott, 1985).

Grayling eges are buried at shallower depths than those of salmon or trout (Crisp. 1996,
Emergence in brown trout and salmon is nocturnal (Gustafson-Marjunen & Dowse. 1OK3:
Elliott, 1986) whilst in grayling it is diurnal (Gaudin & Persat, 1985).

Emergence and displacement are shorter tor grayling than salmon (Bardonnet e7 af. 1993).
Brown trout prefer shallower water. nearer to instream cover than grayling (Woolland. 1988).
Brown treut and salmon are common i pelagic arcas whereas lew gravling are tound n
pelagic zones.  Grayling scem only to use the pelagic area in systems where mterspecttic
competition tor food is high. Muost brown trout are found in the upper 8m ol the benthic zone

and more were caught in shallower water than grayling (Haughen & Ry

v 19900}

Larger grayhing are more closely associated with the bottom than the brown tout {Woollund.
LOKE).

Depth varies between size and species {Greenberg e af.. 1996) (Table 12).

Substrate preferences varied between species (Greenberg e7 al.. 19963 {see Table 6. pg. 7).

Table 14. The depth of water (em) favoured by different sized fishes (em) of brown trout

and grayling (Greenberg et al, 1996).

Fish size (cm) Brown trout/cm Girayhng/em
24 <d5 103- 180 o
9-1¥% A0-60 45-90)
20-50 60-135 75-165

Girayling are found at Tower current velocities (<l1Ocin/s) as compared o all size classes ot

brown trout (Greenberg ef af.. 1996).
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o Juvenile grayling prefer velocities of <lOcmfs whilst medium sized individuals preterred
velocities of 20-50cm/s (Greenberg er il 1996),

o Brown trout were caught more frequently above coarse substrate than grayling (Haughen &
Rygga. 1996).

o The probability of being caught over fine substrate mcreases with mereasing length in brown
trout whilst it decreases in grayling (Haughen & Rvgg, 1990).

e Brown trout were seldom found near each other: >80% were singles and 0.5m or more apart
from cach other.  Approximately 50% ot grayling, however. were less than (0.5m apart trom
each other with 92% in groups (Greenberg ef af.. 1996).

o The tempernture tolerance range. varies between species (Table 14):

Table 15: Optimum. lower and upper critical temperatures for salmon, trout and grayling

(Crisp. 1996).

Temperalure (°C)

S.salar (Salmon)  S.trutta (Brown trout) T.thymallus (Grayling)

[Lower critical 06 0-4 -4
Upper eritical 200 34 19— 30 >y
Optimum 6-20 419 4-18

e  There is more intraspecilic competition between grayling than trout (Woolland, 1988).

e A narrow range of sizes of brown trout can be found under stones during the day. No
crayling, however. have been located under stones (Greenberg ef al., 1996).

o The mouth gape of brown trout is larger than that of grayling (Haughen & Rygg, 1996b).
leading to selection of smaller prey tems by the latter (Northeote, 1995: Scott. [985).

e Diet varies between trout and greayling: trout capture more aerial tnsect prey and grayling
commonly ingest stonetlies. molluses and crustaceans (Peterson, 1968 Woolland, 19874).

e The consumption of surface tood increases with age m trout. They are found in the mid-
water and cat more aerial insects, In grayling. this decreases. Grayling are found closer to

the bed and ingest fewer acrial nvertebrates (Woolland. 1988}




e Grayling demonstrate a faster growth rate than trout in the first five growing seasons (males
grow faster overadly, However, growth declines markedly in the older age groups (Haughen
& Rygg, 1996).

e Mortality increases with age in both specics

¢ Post-stocking behaviour varies between species: trout tend to take cover within their hahitar
whilst grayling attempt to disperse trom the area (Thortfve & Carlstein., 19985,

e The age range of the three species is very similar: 1+ - 124 tor salmon/brown trout and 1+ -
P4 for grayhing (Northeote, 1993),

¢ lhere is no bias in the sex ratio of brown trout but iy grayling there tends to be more females
thun males (Haughen & Rygg. 19961

Although vne species would probably benefit in the absence of the vther. @ mixed fish population

allows much more efficient utilisation ot all the resources available. ultimately resulting in

enhanced productivity of o particular stream (Woolland, 198%8).  In one study of twe chalk

streams in Southwest England. the Bere Stream and The Mill Stream. 1t was tound that ditferent

species of fish distributed themselves randomly (Prenda er af.. 1997). This ceuld be a mechanism

e minimise both intraspecific and interspecitic competition (Fretwell & Lucas. 19691 Matland.

[965). Habitat partitioning is & mechanism developed to tacilitate species coexistence. This

much easier to achieve in a stable environment as patterns of temperature and discharge wre more

constant.  Degerman et al {Unpublished) conducted a study in Sweden, of brown tout and

arayling O+ vearlings in sympatry.  They discovered that at the microhabitat fevel. some

seeregation between species had occurred und grayling tended to occupy the decper water.

Degerman (Unpublished) speculated that mtroducing grayling to brown trout streams would

restrict habitat use by trout, (particularly in deeper waters) and indirectly the lite history and

brrmass of the trout,

Some species often show similar feeding habits in the absence ot the other. For example. inone
study. Arctic char and brown trout showed similar feeding habits and vccupied similar habitats
when separate but when in sympatry, they showed a more specialised feeding regime (Svardson.

[976). 1t has often been assumed that when two species consume the same Tood, that whicly is

mgested by une could be used by the other in their absence (Maitland. 19651, This would he




more signiticant when food availability 1s low (Nilsson, 1967). Hence, it may be deduced from

the data available, that grayling and other salmonids wre able to coexist in sympatry.

12 Stocks, recruitment and populations

In the Chena River, Alaska, population size was estimated for the Arctic grayling employing the
number of 24 orayling in the lower 152km of the river. The parent stock was 5+, hence. a three
vear lag existed between egg deposition and recruitment and a two year lag between recruitment

and spawning (Clark. 1992).

Both density dependent and density independent tactors are involved in the determination of
papulation size and dynamics. 1t has been found that density dependent mortality occurred at the
highest levels of parent stock (Clark, 19921, Flow is a very important factor mfluencing year
class strength. High tlows produce a series of knock-on effects, For example, after spawning.
high tlows can disrupt the streambed. dislodging eggs (Vincent, 1962). In addition, high Mows
produce a decrease in tlemperature which consequently, may reduce growth and survival ol larvae
via delayved hatching and decreased metabolic processes (Walker, 1983).  Biotic and abiotic
faciors also inlluence recruitment including competition. predation, disease and changes 1o

physico-chemical parameters.

13 Identification of populations and individuals

[t is possible to wentify gravling using the black dots (Persat, T982) which are present on the
front halt of the flanks (Duncker. 19601 Dots are not randemly distributed but positicned on
dark hnes separating two scale lines.  Their position can be interpreted by usimg a specific
computer programme and subsequently, individual tish dot patterns can be identiticd. The dots

can also be used toridentification at the popufation level (Persat. 1996).



14 Factors affecting grayling populations

In the UK, a marked decling in numbers of grayling has been recorded in many rivers for
exiample the Lower Alwen. 1994-1996 (Ibhotson, Pers. Comm.). There has also been a similar
decline t the number of brown trout vver the last 10 years, the main cause of which is suggested
o be predation by cormorants and goosanders (Cove. Pers. Comm). The Dee. despite being o
notoriously good grayling fishery, has demonstrated a decline in the number of |+ grayling in the
Upper reaches und  Llanderfel, producing o subsequent population  imbalance  (Dutton.
Unpublished). A similar situation has arisen in the Alwen where a dramatic reduction in the

young trout population has occurred since the mid- 19805 (Ihottson, Pers. Comm. 1999,

The reasons tor such declines in grayling populations, fall under two main headings: indwect und

direct impacts.

14.1 Indirect impacts
14.12 Habitat degradation

Pipelines

Much of the research mto the impacts of pipeline building programmes on gravling. has been
conducted on Arctic spectes in British Colombia. the Yukon, Northwest territories and Alaska
{Stewart et al. 1982: Steigenberger. 1974: Tripp und McCart. 19742 Elliott, T980. respectivelyl,
En the Tatter study. grayling were demonstrated o be the most tolerant species of any. to crude ol

pollution ssuing trem the pipelines (Elliott. 198,

Mining

As with pipelines, there has been little research focusing on the impacts experienced by Luropean
gravhng.  Much of the studies of Arctic grayling have been conducted in the Yukoo due o
extensive mining activity in the Yukon Territory (Northeote, 1993). Simmons (1984) exanuned
the effects on populations m Alaska and tound that grayling exhibited oill damage. dietary
eraduadly

i
&

deficiencies and a slower rate ot maturation. The increased turbidity caused by mining




removed all grayling populations. The indirect loss of habitats was thought to contribute to this

dectime (Revnoids et al, [989),

Forestry

The impact ol the practice ot log driving on grayling populations. has been documented in North

America and  Sweden only (Hubbs and  Lager, 195%; Fabricius  and  Gustatson, 1955,
respectively). When conducted during spawning or the larval development period of grayling. i

has been known to cause whole populations to deciine (Northeote. 1995).

14.13 Pollution

Land-use and its associated ullochthonous inputs to rivers and streams., 1s critical in determining
the physico-chemical parameters and bota of a system. The water chemistry and its quality are ot
prime importance for biodiversity i aguatic ecosystems. Muost species have very precise
requirements and fuilure to meet these results in decline or even complete eradication ot the
species.  Such problems have become  very common in recent years with increased

industrialisation. agriculture and changing land-use.

Deterioration in water quality is one of the most significant factors influencing any figh
populatton,  As previously discussed, grayling require cool. well-oxyeenated water with a good
sequence of peol. riftle. ghde and run. Although the range ot environmental requirements is
broader for gravling than brown wout. the zrayling succumbs™ to pollution and higher
temperatures more quickly than trout (Woolland 19%86a). Crisp (1996) has suggested ranges of

optimum. lower and upper temperatures tor Eurepean salmonids.

[t has been documented that water pollution by chlorines. erganomercury, acidification, PCBs.
DDEs. has resulted in the decline of gravimg populmtions in Europe {MacKay, 1970).  The
Dougias Water in Scotland was polluted with industriai detergent through drainage pipes in 196K,
resulting in dead coarse fish adjacent to the outtlow (MucKay. 1970). Tannery wastes had o

similar devastating etfect on juvenile tish. selectively elimmating them before the larger grayling.
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by increasing suspended solids, free sulphides and the BOD (Stuart, 19534). Rivers in Serbia

suffered severe pollution in the late 1960s from industrial and domestic wastes. erosion. dam
construction and intensive over-fishing resulting in the decline or disappearance of the species

{Jankovic, 1978),

The effects ol water pollution have not been wetl documented with respect to Arctic grayling.

14.14 Water abstraction.

Many grayling populations exist in regulated rivers. which contain important salmon and troeut
fisheries. However. in general. regulations of these rarely consider the impacts on the lile history
ol grayling. which varies trom salmon and trout. When water is abstracted. levels decrease and
the avatlable habitat for grayling is substantially reduced.  In addition. tlow rate can be aflected
to the detriment of the tish. The extraction process 1s known to have o much more direct impuct
on all biological organisms in rivers, with tish at all life-stages, as well as their invertebrate prey.
being drawn into the pumps and destroyed (Muagee. 1993). To date. hieele has been done 1o
mitigate against this. However, it is not unreasonable to assume that specially designed filters
could be fitted or some form of screening mechanism assembled to divert fish and other bwota
away from the pull of the abstraction pumps. Water abstraction for nuclear reactors can also
attect downstream flow by causing it to be more rregular. luctuating levels can increase the
risk of young fry being stranded and riverbed strajghtening can result in severe erosion of the

bed. again limiting grayling habitat as well as invertebrate prey.

The more stable the environment. the less harmtul the ettect of floods by preveating the washing

away ot eges laid in gravel. increasing the survival of invertebrates, Tish territory also increiases

due w higher minimum flows (Woolland. 198620, The mugnitude. niming and duration of

regulated flows are ot prune importance 1 determining suitable grayling habitut. Regulating
water Hlows can act to stabilise the water levels and. consequently. the flow rate. Livn Tegid, o
lake in Wales. has its water level raised during the summer, This icreases the area of shallow
water which s voung try habitat. as well as increasing the toed supply tor these grayling

(Woolland. 1986a).




Stream gradient is more important in structuring the tish community than differences m tlow
regimes. Graviing and brown trout are Tound i higher abundance where gradient is high, The
transter of water from a section ol river has been tound to affect grayling more than brown trout.
This may be due o reduced recrvitment as well as increased fishing pressure (Borgstroem &

Loekensgard. 19840,

Drainage and dredging

Habitats are constantly Tost from small wibutavies by dramage.  Dredging removes substrate
essential [or young fry and juveniles as well as imvertebrate prey. This leads to destabilisation of
bottom substrate. possibly dislodging very fine particulate matter. which would subsequently

smother the gravel beds ot spawning grayling.

An example of the impact drainage has on grayling, can be seen in the tributaries ot the Arve
river in France. Grayling used these areas as spawning grounds as they were protected trom
snow melt floods (Persat. [996). However, the main river was dredged to build o highway and
exploit gravel. producing huge erosional impacts.  In additon, there are now only impassable
waterfalls connecting the original river with it°s tributaries impeding the passage of grayling

spawners (Persat, [990).

Recommendations for reducing the impacts of water abstraction

There are a number of measures. which could be taken to reduce the impacts of abstraction.

These melude prohibition of such activities during the following periods:

o Low flow when habitat s already reduced and oxygen levels are already low,

e The migration scason or at specitic times during migration for example at night.

e Specifics times of year such as the spawning season allowing the eges and fry a better chance
ol success.

e Low flow for example in the summer.



14.15 Impoundment and barriers

The inhibition of grayling migration becomes important when considering spawning, teeding and

overwintering sites: unless grayling are wllowed to freely mave. the population witl die out.

Quite minor harriers can inhibit gravling mobility and the ability to colonise particular areas
(Ihbotson, Pers.Comm.). This is particularly obvious where the disteibution of a species comes to
an abrupt halt ata weir. Tor example. w the Dorchester Wer on the River Frome in Dorset. there

15 a good head of grayling immediately below the weir but none above it (Ibbotson, Pers.Comm.).

Hydro-electric dams

Despite much effort which has been lncused on mitigating against the adverse effects of hyvdro-
clectric dams such as fish passes, the recruitment ol salmonids has been found o decrease and
migration has been inhibited in some cases (Linloekken, 1993 Some fish have to migrate vist
distances in erder to teed. For example. in the Glomma River system. SE Norway. grayling and
brown trout wre said to travel 120km 1o teed (Linloekken, 1993} [tis the large and very small
members that may have difficuly in tinding appropriate tood. It migration is imhabited theretore,

such grayling could starve.

The Genissiat dam on the Rhone in Irance was the first lurge dam to be created na grayling arsa
(Persat, 1996) n this country. 1t acted as a definite impediment to grayling migration upwards. m
terms of the wall size and downwards tor the fry, due (o the size of the reservoir (Persat, 1996).
The dam was in addition, a source ol pollution as a result of 1t being emptied every three veuars,
which impacted populations also.  Recently, a final dam was added 1o the Rhone which has

completely destroyed the remaining natural river cousse (Persat. 1996).

The discharge in g fishway. relative to the discharge through the turbine i the dam. s very

important,  Fish ascending the main river will regard the fishway us a wibutary and avoid it it

discharge is dess than tm'/s (Lintoekken. 1993) Consequently. they avoid this and keep going




up the main river (Linloekken, 1993). 1t would. therefore. be recommended that these fish-passes

be constructed ar higher discharges,

The dams can also have an adverse ettect on the habitat below.  Streambeds can become very
unstable as they are no longer ted with gravel from upstream and a shortage of tine gravel ensues
(Klimgeman er af., 1994). Eventually, a very coarse gravel bed will develop with adverse etfects

0 spawn iﬂg SUCCERS.

There are also more subtle effects of dams on graviing populations. For example in the river Ain,
(Persat. 1996) the populations dropped dramatically over [ years due a change in the 1low
regime ot the dam. This coincided with the development of nuclear plants as the dams are used
to bridge gaps in the nuclear power generation (Persat. 1996). Flows would drop from 200 s

to 12 m'/s (Persat. 1996), increasing the risk of Iry bemyg stranded at low water.,

Mast ot the research regarding the effects of habitat alterations on Arctic grayling. has focused on
the development of dams for hydroelectric power {Northcote, 1995}, Studies have demonstrated
that such populations are vulnerable to invasions of piscivorous predators including pike and also
1o parasite intestations {Lindsey. 1957). Withler {193Y) also noted the impacts associated with
the change in the population from i cne of a riverine system to a reservoir, where spawning arcis

and general habitat availability would ba scarce.

Roads and culverts

Culverts at road crossings are potential barriers to juvenile grayling. depending on the current
velocity existing in the crossing (Northeote, 19931 This problem has however, only been
researched with respect to Arctic grayling, Reports on impacts have been conducted - Alaska
(Kane et all 19897 Manitoba (Devksen, 19805 and the northwest territories (Drvden and Stein.
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14.2 Direct impacts
14.21 Culling

I

i culling of grayling has been actively encouraged in certain parts of Great Britain as a result
of their perception as vermin,  Fish are removed by netting. electro-fishing and rod catching
during the wout closed season.  These are then used as food. disposed of by burying or

translocated to areas depauparate of gravling. In general such practices are now less common.

14.22 Stocking

Although gravling are not globally threatened. they are in rapid decline and have been under the
threat of extinction severul times 1 their original habitat in certain European countries (Table 2.
The reasons for this mclude the deterioration ot water quality. euatrophication, acid ram. over-
exploitation (sport fishing particularly in the case of the Arctic grayling) and the loss/destruction

ut habitat.

Providing that physico-chemical parameters are suitable for a gravling population to survive.
stocking can be used as a management ol to enhance the population of gravling where they ure
rare ur absent (Armstrong. 1986). There are a number of fuctors to take into consideration in

attenipting o ensure the successtul stocking of a stream/river:

o Microhabitat availability.

* Interspecitic interactions.

* Intraspecitic mteractions.

e Competition tor foed/space/territory. agonistic behavicur. predation. disease.
e Age at which the stocked tish are introduced.

o Cenerul state (health) ol stocked fish.

The origin of the stock s also unportant. Stock which have come trom @ brood stock from a

different river. may show an mmpared homing abthity in returning 1o then natal river: a
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mechanism, as already  discussed. to ensure reproductive isolation and a habitat which

demonstrates lavourable or optimum conditions.

Predation is quite an important factor i stocking suceess as young grayling have heen shown to
have high mortality rates. In one experiment. stocked grayling were tound in 18% of pike
stomachs post-release into an experimental stream (Carlstein & Eriksson. 1996). This has been
found simitarly in the Arcuic grayling (Armstrong, 1986), where little or no fry survived when

pike were present.

[t has been suggested by Henriksson & Muller (19791, that grayling of Take origin may be more
susceptible to predation when i streams as they preter the slower moving waters which are home
to piscivore fish such as pike and perch. Lake releases however, were more successtul than those
into rivers. especially i predatory fish were minimal (Armstrong 1986). Tt also appears that
stocked grayling rake longer to acchimatise to their ‘new siwatien” than brown trout. For
example, gravline moved downstream after 14 days acclimation as opposed o only two for
brown trout (Cresswell & Williams, 19833 Stocking a river system with grayling has been
shown to result in a considerable loss of fish from the river close to where they were [lirst

released. regardless of their origin {Carlstein & Eriksson, 1996).

The size ol stock can influence survival success. A study by Carlstein (1997) found u low
ccapture rate of fish with an initial jower size. These are likely to be predated upon by perch. A
parallel finding was documented tor Arctic grayling in the Delta Clearwater River (Tanana River
dramage), whereby srocking was only found 1o be successtul when fry were reared for three

months prior to release (Armstrong, 1986),

Finalty. 1w should be remembered that stocking can mtroduce disease to native wild populations.
[nfectious dermaticis {ASA) s common in the intensive rearing of grayling {Carlstein, 19973
Muzzall (1990} studied the parasites infecting a population ot Arctic grayling stocked in jakes
and streams in Michigan, e tound that 66% of the stocked tish had parasites (listed in Section

15,80, Muozzall (1990) concluded that the reasons for such parasitic infections. related to the




transter of resident parasites in native and additional stocked salmonids and cyprinids. to the

mtroduced gravling.

Although stocking appears to be a quick. simple way ol restoring grayling populations in natural
waters. there are undoubtedly risks associated with it The stocked varieties wre more than likely.
from ene broud stock and hence. weaknesses will invariably exist. Native and wild populations
have established themselves in a particular arca over a period ol time through vutbreeding and
homig and hence specific survival mechanisms have been incorporated into thew genatype.
Once stocked members commence breeding with wild members, genctic diversity will be Jost.
weaker fish will be produced and an overall reduction in the genetic fitness of individuais and
populations will ensue. Pleyver (1982) found that stocking with a desired species resulred in a

reduction from 28% 1o 5% ot the majority ot native species in ten years.  Another study by

Hotfmann e ol (1995) tound that intensive stocking with eels caused a severe reduction of

Streber and grayling in the Upper Danube. The behaviour ot stocked and wild populations also
differs and can significantly interfere with their success (Kaya. 19890 19900 1991).  As u
consequence, it should be recommended that stocking be used i extreme situations. employing
wild spawners collected tfrom the stream/river to be stocked. Brood could be reared from these to
be released together with the parents, in spring. Such a system has been used in a tributary of the
Aln. France (Persat. 1996). Stocking will only work it the appropriate habitat is available. so
conservation and enhancement of habitat 15 of prime importance before any stocking regime s

undertaken.

The handling. transport and pre-treatment of the fish can aftect the success of stocking. The
stocking process could result moa high degree of disorientation. longer acclimauisation and
increased susceptibility to predation and disease. However, stocked | vear ulds have been shown
o demonstrate o high rate of downstream dispersal which may have been due to high stress levels
from the above treatments {Carlstein & Uriksson, 1996: Thorfve & Carlstein. 19958). High
stocking density has also been found to increase downstream dispersion from o site {Cowx.
19941, A lack of suitable/available habitat may exacerbate this migration {Thortve & Carlstein.

[998),
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[t has been showed that an increased acchmation tme before releuse appeared to reduce stress
and post-stocking downstrean dispersal in the Arctic grayling (Kaya & Jeanes. 1995: Cresswell

& Willinms, 19R3).

Carmie et al (19871 carried out a detailed study of artibicial spawning in 72 tfymaliuy. They

outlined the exact procedure for artificial spawning and made o number ot recommendations tor

the success of such a practice (Carmie et al. 1987):

e Fish should be chosen from wild populations. i May,

e The reproductive organs can be used lor the first time in three-year-old fish.

e The only human intervention between spawning times oceurs during feeding (three days

every month), so s to minimise stress.

n addition, a further study by Maisse et al (1987) demonstrated that the best date on which to
initiate artificial spawning was al approximately 130 “-days after the first ot March. However.
due to the lack of knowledge regzarding the reproductive cycle of grayling and the external
narameters controlting it it s dilficult to be certain of the first ovulation date (Maisse et al,

1987).

14.23 Predators

Predation is an inevitable part of any animal’s hte and an etfective natural mechanism of
population control. The gravling has a number of natural predators. which will obviously vary
depending on where the grayling are found. Northeote (1993) has stated that there are at least ||
known piscivorous predators ot Arctic gravhing 1t British Colombian tributaries. the most
domimant of which is the bull trout (Sefvelinus confluenres) due to it’s high abundance.  In
addition. predation by black bear. mink, river otter and osprey are thought account for Arctic
aravling mortality in Northern America (Northeote. 1995), However. the literature regarding

predation of 77 arcticus s generally sparse.

Otters, other fish and terrestrial piscivorous birds such as the heron. kingfisher. cormarant and

coosander commaonly predate upon the Europear grayling (Northeote, 1995). Large piscivoreus
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fish tor example pike, perch and burbot. wre all prime predators of smaller fish living in shallow
habitats (Sempeski & Gaudin. 19951, Stocked grayling have been found in 18% of pike
stemachs ina first release experiment {Carlstein & Eriksson, 1996), Grayling migrating from
likes to rivers are more susceptible to predation as they prefer the slow moving waters where
predatory fish are found (Henriksson & Muller. 1979). The appearance of cormorants during the
winter [995/1996, resulted in o decline of the grayling population of i 15km stretch of the River
Lenne, N Rhine Wesiphalia (Frenz ef af.. 1997 Staub et al. 19981, Sempeski & Gaudin { [995¢)
have stated that: “Predation risk has been recognised as the main factor influencing size-

dependent segregation of mdividuals’.

14.24 Prey

The availability of suitable prey is essential it grayling are to exist in w particular area. Hence, o
suitable habitar needs to be available tor invertecbrates. Many invertebrates are ussociated with
aquatic plants. Magee (1992) has stated that the density of gravling/ha in the gravhng zone
seems te be related to the presence of aquatic plants. Dredging. active removal and mcreased
herbicide use in particutar areas. have lead to a reduction in aquatic plants. It may be postulared.

theretore. that numbers ot invertebrate prey could also decrease in such areas.

14.25 Disease

Where conditions are sub-optimal for example at low oxygen tension. high temperature or in
poliuted waters where i each case fish wre stressed. the vulnerabiliy of sraviing to parasites and
disease 15 increased. Under normal circumstances, grayling do not appear to be highly susceptible
to disease. There have been ne mujor outbreaks documented. other than & fungal discase m 1967
(Magee. 19933 Grayling are known 1o be host to cestode and nematode parasites as well as
fwrunculosis caused by the tluke cercaria (Northeote. 1993). However, infectious dernatitis

{ASA) 1s common 1n the intensive rearmg ot gravling (Carlstein, 1997




Whittield (1999) siudies the parasites of European grayling from the Itchen and Test in
[Tampshire. e found that all Testand [tchen tish carried at least one parasite. All parasites were
identified as helminths. including Crepidosiomiom farionis. the nematode Camallanis focustriy
and the acanthocephalan Pompharvnchus taevis. Older tish were generally found have a higher

incidence of infection {Whitfield., 19993,

Muzzall (1990 studied the parasites infecting a population of gravling stocked in o number of

streams and lakes in Michigan. He found that 66%: of the 154 1+ tish were mtected with one of
the (ollowing: Crepidastomun sp.. Diplostomiom sp.. Ornithodiplostomum sp.. Proteocephalin
fenuissima. Spiroxys sp.. Pomphorynchus buthocolli and Trichophirva sp. Diplostomum sp..
Ornithodiplostomum sp. and P. Dbulbocolli were highly prevalent in three ot the lakes {Muzzall.
1990}, whilst Trichophrya sp. infected a high frequency ot fish in two of the lakes ((Muzzall.

JOGH.

14.26 Angling pressure

Angling pressure is known to exert an mtluence on the grayling populations of different rivers.

In any fisheries management strategy, the fishing effort. vield and catch per eftort should be
carctully monitored (Cowx. 19913 A negative correlation has been found between angling
pressure and quotient of grayling/brown trout in catches. Grayling appear o be easier to catch
thun brown trout {(Linleekken, 1995).  In Noith Rena where the river was not disturbed by
regufation. angling pressure was low. During the salmonid closed season, high frequencies of
Jarge grayling are caught.  Angling pressure on females during the summer may produce a sex

bias favouring males (Libosvarsky, 19671

Although eravling are noted tor being the "Poor man’s salmon’. they are potentially of enormous

cconomic value. even m top class salmaonid fisheries. However, in order for such potential 1o be

realised. the image of grayling must be changed.




Arctic grayling are reported as being highly vulnerable to angling. not least because of the ease
with which they are caught (Northcote. 1993), As a result of this. eravling populations have been

subject o severe over-fishing (Michiel. 1992 Nelson and Paetz, 1992).
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Appendix 1.

GRAYLING RESEARCH QUESTIONNAIRE

Name;:
Job title:

Environment Agency Area:







Appendix 1 continued...

How highly are grayling valued as a fishery resource in your area
(please tick)?

High value

Low value

Not at all
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ppendix 1 continued......
hat do you believe are the key issues affecting grayling populations in your
l;lrea (please place in order of importance, 1 being the most important and 12 the

Comments:

- Bleast)?

‘ Re-introductions where grayling no longer exist No.
Comments:

Transplantations and introductions No.

Disease and parasites No.
Comments:

Removal and/or culling No.
Comments:
Predation (fish, birds and mammals) No.

Comments:

Competition with other species No.
Comments:

Barriers to migration No.
Comments:

Water abstraction/regulation/transfer or other water resource management | No.
Comments:

Pollution No.
Comments:

Habitat degradation No.

Comments:

Angling restrictions (methods, closed seasons etc.) No.
Comments:

Angling pressure No.
Comments:

Other No.

Comments:




Appendix 1 continued.....

What in your view, would be the most useful issues on which to receive

management guidance (please place in order of importance, 1 being the most

important and 7 the least)?

Comments:

Habitat management No.
Comments:
Removal and culling No.
Comments;
Re-introductions (where grayling no longer exist) No.
Comments:
Transplantations and introductions No.
Comments:
Angling restrictions (methods, closed seasons etc.) No.
Comments:
Grayling as a financial asset/fishery resource No.
Comments:
Monitoring No.
Comments:
Other No.




Appendix 2.

GRAYLING RESEARCH QUESTIONNAIRE

Name:
Rivers fished:

Grayling Society Area:







':{,pendix 2 continued.....,

hat do you believe are the key issues affecting grayling populations in your

l?rea (please place in order of importance, 1 being the most important and 12 the
east)?

Re-introductions where grayling no longer exist No.
Comments:

Transplantations and introductions No.
Comments:

Disease and parasites No.
Comments:

Removal and/or culling No.
Comments:

_UNN Tl =N

Predation (fish, birds and mammals) No.
Comments:

Competition with other species No.
Comments:

F

Barriers to migration No.
Comments:

Water abstraction/regulation/transfer or other water resource management | No.
Comments:

Pollation No.

Comments;

Habitat degradation No.

Comments:

Angling restrictions (methods, closed seasons etc.) No.
Comments:

Angling pressure No.
Comments:

Other No.

Comments:
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Appendix 2 continued.....

What in your view, would be the most useful issues on which to receive
management guidance (please place in order of importance, 1 being the most
important and 7 the least)?

Habitat management No.
Comments:

Removal and culling No.
Comments:

Re-introductions (where grayling no longer exist) No.
Comments:
Transplantations and introductions No.

Comments:

Angling restrictions (methods, closed seasons etc.) No.
Comments:
Grayling as a financial asset/fishery resource No.
Comments:
Monitoring No.

Comments:

Other No.

Comments:
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