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Date 20 March 1981

Dear Bob

I am s t i l l  amazed at the amount of information that you manage to pack into 
your le tte r to me of 8 December 1980. I am s t i l l  working on the fina l draft 
of our salmonid watch paper, and hope that i t  may be possible for me to quote 
you occasionally in i t .

You have asked me to le t  me give you any comments on our Scottish Charr, and 
i t  has not rea lly  been possible for me to do this until just now. We have 
just completed a f i r s t  and very rough draft of the paper which I hope to present 
at Winnipeg, but I thought that you might want to see i t  at this early stage.
It w ill certain ly give you some idea of what is  known and our ideas as they 
stand at present. Please le t me know i f  there is  anything else you would like  
to know, or a lternatively i f  you have any comments on the paper we would be 
delighted to receive them.

I am looking forward very much to meeting you again at the Charr Symposium, where 
I hope that we may be able to carry out a reasonable s c ie n tific  experiment on an 
appropriate range of malts.

With best wishes,

Yours sincerely

Dr P S Maitland
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Although very many brown trout populations ex ist in conditions of genetical 

iso la tio n  is  i t  impossible in Scotland, to state with ce rta in ty  that any 

population has . r i o t - i n t r o d u c t i o n  of brown tro u t-^ ^

The id e n tifica tio n  and recording, in recent years, of the many charr 

lochs in  Scotland have produced new horizons fo r research workers, as 

the considerable number of isolated charr populations, which have been

since the retreatv-*.$?Q^

o f the Quaternary Ice Cap. ca. 14,00(1 years BP, o ffe r  more ideal m aterial ' 

fo r  the evolutionary b io lo g ist.

from d iffe re n t geographical areas. From the middle of la s t  century on, . ..l:*

most trout lochs and r iv e r  systems were stocked by the landowners. A lso , 

before that, trout were introduced into many fish~1ess lochs by the local

inhabitants as a source of food when-they were attending th e ir  ca ttle  and 

sheep on high ground during the summer. :tr.

Charr were never used to any extent fo r  stocking purposes although some 

very lim ited  experimental stockings were carried out at the turn o f the 

century. A further attraction  to research on charr is  in  connection with 

energy-flow studies on the large, deep, recently-glaciated oligotrophic  

lochs, where the standing crop of f is h  seems to be high in re lation  to 

the chemical poverty o f the water, lack of allochthanous organic material 

and the poor clim ate.

F in a lly  there is  another a ttractio n , a subjective one; charr seem to 

strik e  an emotional chord in some freshwater fish ery  b io log ists  and 

n atu ra lists  producing individuals intensely involved with th is  

attractive  f is h .

The future of research on Scottish charr populations i s ,  of course, 

very much tied  up with sources of funding. In the foreseeable future 

very l i t t l e  finance can be expected as what is  ava ilab le  w ill be -invested



in  research into the management of commercial species o f salmonids, both 

in  the wild and in cu ltiva tio n . Charr research w ill have to be carried  

on as before by enthusiasts and occasional f  research workers.

As a sport f ish  also there is  lik e ly  to be l i t t l e  advance on the present 

situation  as both Indigenous, and to u rist anglers in  the Highlands are ' 

interested only in  angling fo r salmon and trout, although there is  a 

p o s s ib ility  that the recent introduction o f rod-caught record status fo r  

charr, and the fa ct that some commercial sponsors are now awarding prizes  

' fdt? Hspeti#en’^ ® '^ ‘̂ ^ ^ ftcfeise  ahglihg pfds'sufe s l ig h t ly .  Also there“i s :> 

more p u b lic ity  on new Ciharr angling techniques but the general run o f 

charr are of too small a size  ever to be a ttra ctiv e .

As several important charr populations have now become extin ct special 

consideration must be given to the conservation of th is  species. A number 

o f points are relevant here.* F ir s t ly ,  the majority of Scottish  charr 

populations are probably safe (as fa r  as one can pred ict anything these 

days). Secondly, possibly the greatest danger is  from (a) introductions  

o f a lien  fish  species - or from escapes from aquaculture u n its; (b)

“new“ diseases or parasites originating from such u n its . In certain  places 

pollution  and eutrophication and in others the impact of acid rain  have 

affected charr lochs. Hydro-electric in s ta lla t io n s , which often favour 

the same large highland lochs as charr, do not seem to have harmed charr  

populations.

At the present time there are four major charr lochs which are wholly or 

partly  within National Nature Reserves managed by the Nature Conservancy 

Council in Scotland while several more, as well as a number of smaller 

ones, are s im ila r ly  situated within notified  S ites of Special S c ie n t if ic  

Interest. The w ild life  on land carrying e ither of these o f f ic ia l  

designations is  protected to some extent from adverse developments and/or 

introductions.



DISCUSSION

The chair in  Scotland has been a much neglected f  ish  in  the past by 

loca l inhabitants and by anglers and research workers* The reason f o r - v i m - H
-A.-'- - ' • - -v •- ' •' i-. * • * -V i? • r nr*. > - v
i t s  infrequent use as a resource was probably the fa c t that th is  species 

owing to it s  c ry p tic  habits was seldom encountered and d i f f i c u l t  (by 

^onteii^roihary'methods') to harvest. Only in the few locations in  Scotland, 

where charr migrate up streams to spawn, would th is  be possible to any 

extent. I t  is  interesting to note that i t  i s ‘very rare to fin d  a Gaelic 

naa»:fo r  a-1 och that re fe rs ' to the presence- o f  ch arr, w hile those re fe rrin g  

to salmon, trout and pike (also;tq various birds and mammals) are not

uncommon.

Sport-angling did not: get underway in the Highlands u n til the la te  18th 

Century but in  the fa ir ly  p r o l i f ic  writings on angling that were produced 

from then on, very l i t t l e  attention was paid to charr, which were usually  

regarded as an oddity and not a worthy target species fo r  anglers. In 

more recent times l i t t l e  research has taken place on Scottish  charr as the 

emphasis (and government funding) on fish ery  research in  Scotland has been 

directed a t the main commercial species, the A tla n tic  salmon (Salmo s a la r) 

and migratory (sea) trout (Salmo trutta) and, to a lesser extent, at the 

main anglers' species, brown trout. U n iversity  research has been on 

sim ila r lin e s .

Had large migratory charr been present the picture would have probably 

been quite d iffe ren t. Investigations on Scottish charr have mainly been 

undertaken by individual enthusiasts, often in th e ir  spare time. At 

present however interest in the biology and ecology o f charr is  increasing - 

one reason being that these subjects o ffe r  (in Scotland) almost v irg in

fie ld s  fo r research.
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ANGLING K)R CHABR IN SCOTLAND -
C h arr in  Seoul and a r e  c o n s id e re d  “by many a n g le rs  to  "be d i f f i c u l t  to  c a tc h  on 

rircrS an d  l i n e  a n d -to  b e 'a l r a i h e r  e lu s iv e  f i s h .

She re su lts  o f  a  r a th e r  l im i te d  su rvey  however, in d ic a te d  th a t  c h a r r  a r e  caugh t "by- . 
a n g lin g  in  a  l a r g e  p re ^ b f t io n  o f  th e  Ib ch s  where th e y  a re  known to  o c c u r  (40 g  »*
104 l i s t e d  i n  th e  p r e s e n t p a p e r ) B ^ r t h e r , .  _ i t  i s  l i k e l y  t h a t  t h i s  number i s  an 

;': : t^ d s n e s tin a ta ' e.s - a n g le s  J®ay 'iiA;.'^b;J?b!Cond;th:eip- .catch o f  c h a r r  a n d  i n  some cae^et 
f a i l  to  i d e n t i f y  c h a r r '^ o r r e c t ly . ;; G reer, in ' 1978» found, t h a t  a n g le r s  f i s h in g  in* 'XClVl 
Loch G arry  '(P e r th s h ire )  h ad  w f o n g ly id e n t i f ie d  c h a r r  a s  b e in g  ju v e n i le  rainbow  ■
t r o u t ,  ( Salmo g a ir d n e r i ,  R ich ard so n ). Sg|g

Chari* may be  cau g h t "by a c c id e n t in  th e  co u rse  o f  f i s h in g  f o r  t r o u t ,  b u t i n  a  number 
o f  lo c h s  a re  f i s h e d  f o r  d e l ib e r a te ly ,  (E r ic h t ,  G arry, Maree, Y o il, L uhnaig , an 
S e i l i c h ,  H iroda in ) .  ; Most .of th e  . a n g lin g  methods u se d  to  »catch, c h a r r  a r e  th o s e  . 
p r a c t ic e d  i n  normal t r o u t  f i s h in g  u s in g  b a i t ,  f l y  o r  sp in n in g  l u r e s .  A nglers 

' s p e c i a l i s i n g  i n  a n g lin g  for-- c h a r r  s a y - f u r th e r  a d a p t th e s e  *fcrbut a n g lin g  m e t ho ds g '  
'S p e c i f i c a l l y  f o r  ca tch ing-.bharr-. -: -iv  • . * - -* ‘ '  ‘

l4 $ i£ jca r . (p ensgoomnu-- f i s h in g  in  Loch G arry  (.P erthshire-)
h a  s u c e s s f u l ly  Caught c h d i^ \ly -  ailending  h i s  f l y  l i n e  to  s in k  much d e e p e r  than  in  
th e  c o u rse  o f  n o r m a l f x s h i n g . A  l i n e  f is h e d  norm ally  was n o t s u c c e s s fu l i n  c a tc h in g  
c h a r r .  McLaren (p e rs  comm. 197?) found  th a t  f l y  f i s h in g  was f r e q u e n t ly  s u c c e ss fu l 
i n  c a tc h in g  c h a r r  i n  Loch M aree and i n  a  number o f  o th e r  lo c h s - in  th e -d io r th e m  - 
H ig h la n d s . S p in n in g  and  t r o l l i n g  w ith  sm all sp in n e rs  i s  a lso  a  s u c c e ss fu l method o f  
c a tc h in g  c h a r r ;  B arns, C a im ey  (p e rs  comm. 19T9) * Campbell (p e rs  comm- 1979) cau g h t 
c h a r r  by u s in g  ta c k le  s im i la r  to  t h a t  d e sc r ib e d  by S*rost ) f o r  c a tc h in g  c h a r r
i n  W inderm ere. '

B a it  f i s h i n g  u s in g  m ain ly  worms and m aggots i s  commonly u sed  f o r  c a tc h in g , c h a r r .
The c u r r e n t  ro d  caugh t re c o rd  i n  S co tlan d  (a  c h a r r  o f  *3 from Loch Insh ) was 
ta k e n  u s in g  a  bottom  f i s h e d  earthworm .

A p a te rn o s te r -  t a c k le  r ig g e d  w ith  m u lt ip le  hook d roppers and b a i te d  w ith  maggots i s  
.f r e q u e n t ly  u se d  by a n g le r s  f i s h in g  f o r  c h a r r  i n  th e  T rossachs a r e a .  G reer h a s  found  
t h i s  to  b e  a  su ccessfu l, m ethod in  Loch G arry  (P e r th s h ire )  p a r t i c u l a r l y  i f  th e  tackL e 
i s  r e t r i e v e d  v e ry  s lo w ly  a lo n g - th e  bo ttom . W illiam s (1979> 1980) gave a  f u l l  ¿«v
d e s c r ip t io n  o f  methods f o r  c h a r r  f i s h in g  in  se v e ra l a r t i c l e s  i n  th e p o p u la r  a n g lin g  | j | | l
p r e s s .  'i 'l itif  ' ' y v

L arge  in d iv id u a l  c a tc h e s  a r e  r e p o r te d .  G reer ( in  p re p .)  m entioned  a  c a tc h  o f  o v e r .
200 c h a r r ,  ta k en  by th r e e  a n g le rs  i n  Loch G arry (P e r th sh ire )  d u rin g  an  a f te rn o o n  and 
ev en in g . McLaren (p e rs  comm. 1979) s t a t e d  th a t  c a tc h e s  o f  o v e r 20 c h a r r  i n  a  s in g le  
o u t in g  were tak en  in  Loch M aree. He re c o rd ed  one c a tc h  o f  o v e r 100 c h a r r  ta k e n  in  an  
ev en ings f l y  f i s h in g .  C a im ey  (p e rs  comm 1979) h as ta k e n  up to  40 c h a r r  in  Loch 
E hrodain  and  up to  60 c h a r r  in  Loch an Seilich in  s in g le  o u tin g s .

’B ie s i z e  o f  c h a r r  ta k e n  by a n g lin g  v a r ie s  c o n s id e ra b ly  acco rd in g  to  l o c a l i t y .  In  
.Loch;E r ic h t  C ra ib  (p e rs  comm. 1973) few c h a r r  in  excess o f  23 cm (c .  100 g) 1-ength a r e  
ta k e n  by a n g lin g . M alloch, ( 1910) however, caugh t a  c h a r r  o f  ap p ro x im a te ly  1 k g  in  
w e ig h t , i n  t h i s  lo c h .  W alker (1975) caugh t a  c h a r r  o f  30 .5  cm in  Loch G arry b u t 
n o rm a lly  few f i s h  g r e a te r  th a n  25 cm in  le n g th  a re  caught h e re .  In  m ost lo c h s  a  c h a r r  
o f  30 cm i s  c o n s id e re d  to  be a  la r g e  f i s h .  Much l a r g e r  c h a r r  a re  however commonly . 
ta k e n  in  Loch In s h . McBain (p e rs  comm. 1978) r e p o r te d  t h a t  .a n g le r s  f i s h in g  f o r  salmon



SPAWNING

L it t le  previous information is  available  on the spawning of charr 

in  Scotland. A summary of information at present ava ilab le  is  given 

in  Table . A ll the populations studied so fa r appear to spawn in  

the autumn and there is  no evidence of spring sp a in g  as occurs in  

Windermere (Frost 19 ) in England. The only detailed information 

ava ilab le  to date is  from Loch Luichart, where M ills  (personal 

communication) caught numbers of charr while g i l l  netting fo r  pike 

during the autumns of 1958 and 1959 (M ills , 1964). The data on gonad 

condition (Figure ) indicate that in 1958 spawning probably took 

place from la te  October to late  November and in  1959 from mid October 

to mid November.

Although i t  is  probablethat the majority of Scottish charr spawn in  

the lochs themselves - usually along wave-washed shores or over o f f 

shore reefs - i t  is  c lear that there are a number of populations which 

migrate into running water during the spawning season (Table ). The 

stream chosen may be the inflow (as at Loch iftsh and Loch na. Sealga) or 

the outflow (as at Loch Tarff) of the loch concerned. There appear to 

be no detailed observations of the spawning act or the actual s ite  o f  

spawning in  Scottish waters.

Information on the fecundity of charr in Loch Luichart is  available  

from the samples taken by M ills  (personal communication) and shown in  

Figure . In 1958, females with a mean length of 210 mm (range: 

197-220) had a mean fecundity of 319 eggs (range: 257-406). In 1959, 

females with a mean length of 233 mm (range: 192-293) had a mean 

fecundity of 308 eggs (range: 200-437). The re lationsh ip  between 

fecundity and length (Figure ) or weight was poor, but the average 

number of eggs per gram body weight of f ish  was 2.42.
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SIZE, AGE AND GROWTH

Adult charr in  Scotland vary greatly in size  from one loch to another 

(Figure ). For instance those of Lochs Doon and Eck are sm all, with
i -v 1 V " - 7, \- - . * 3/ '  7,», ' , 7, - --4 . ; - .-̂ 7%...HH

mean lengths of and cm, and weights of and gm resp ective ly , 

whereas those of to d is  Borralie  and Tay are much larger with mean lengths ? 

o f . and cm, and weights of and gm. The reasons.for  

these differences are uncertain. The largest known Scottish  charr was 

gm in  weight and come from Loch

The age of a large number of Scottish charr from many locations has been 

determined using Toch Scales and e to lith s  (see 'Swan 19 ) .  ' The"ddult7|7:'7%t

popul ations of many T| ochs were usually dominated by f is h  of 3 , 4 or 5 

years of age (eg Lochs Garry, Rinnoch and Awe) but in  some .̂waters (eg 

Loch Insh) much older charr occur and f ish  of 8 and 9 years are not 

uncommon (Table ).

The growth of charr is  variable (Table ). In some lochs (eg Lochs Garry 

and Awe) growth in length is  slow>***4 fis h  taking some 4 o r  5 years to  

reach about 20 cm. In other waters (eg Loch Insh) growth is  much more 

rapid and f is h  are usually well over 30 cm a fte r  4 or 5 years. The growth 

o f the two races of charr in  Loch Rannoch is  o f special in te re st. It appears 

that although the benthic form may grow more slowly than the pelagic one 

at f i r s t ,  a fte r  4 years growth in the benthic race is  better and most of 

the la rg er (and older) f is h  belong to th is  group.



PARASITES

Ectoparasites

A ».ota 1 of some adult charr from d iffe ren t lochs have been 

examined fo r  ectoparasites. The majority of fish  have none, and only ,>  

two species have been recorded from others. The d e ta ils  o f positive  

records are given in  Table

In charr from several lochs, the base of the ta i l  shows small whitish  

cysts which contain large numbers of the protozoan parasite Heneguya.

The most obvious ectoparasite of Scottish charr is  Salmincola <a4^4  ̂

a p a ra s it ic  copepod usually found attached to the walls o f the g i l l  

cav ity  (never the g i l l  filam ents), but occasionally on the/Fins. This 

parasite is  known to occur in  only 5 of the Scottish lochs (Doon, Lee,

May, Stack and Tay), but up to 6̂0% of the charr in  these populations 

may be infested. In some lochs (eg Loch Lee) about 15% of the brown 

tro u t, Salmo trutta  fa r io  carry quite another p a ra s itic  copepod, Salmincola 

gordoni, which is  also found in  about 1% of the sea trout Salmo trutta  

tru tta  in  the' River North Esk.



PREDATORS

The principal predators of charr in Scottish lochs appear to be other 

f is h .  M ills  (1964) showed that pike (Esox l ucius) in Loch Lu-fchart fed  

mainly on other f is h  and that charr featured in th e ir  d ie t from A p ril 

to August. Pike in  Loch Rannoch have also been found to contain charr 

on various occasions. In an$ extensive study of the food of large  

trout (Salmo tru tta ) in Scottish lochs, Campbell (1979) l i s t s  9 lochs 

where charr have been found, in trout stomachs,» He notes that small 

trout may take small charr, but stresses that the large ferox trout 

may be heavily dependent on charr as a main source of food and indeed 

that th is  form of trout rare ly  occurs where charr are absent.

As with w hitefish (Coregonus albula and C. lavaretus) , charr are very 

prone to attack by eels (Anguilla angu illa) when caught in  g i l l  nets, 

and in  fa c t  are c le a r ly  preferred to trout. How relevant th is  is  to 

the natural situation  is  uncertain, but i t  seems l ik e ly  that injured, 

dead or dying charr must be vulnerable to ee ls. Cannibalism also occurs 

among charr, and a 37.5 cm charr caught in Loch Rannoch was found to 

contain a ca 18 cm charr.
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uocK WA*Ìli. 18 i Io "c•WÒî \uut ! ■ r~a U \ iwwiwir ftj •V
u<icAr> fcvUfiM . u>0 ol 0Ì_ 1 A*à#LllIL: . .

Sri UJ ► d *1*0 1_1>0 l—«¡0 le le\ah \ Hi )\b •i. i »«UviSÌAS A
i ~~ i ■ -1 feti :' ■' *j VT

Vs % urr*e\>tité.Ifs ‘Ah \1s. £ <L J<>0 5 1 .V\\te ny¿ s #v e U ir ri
UAUUstiff>lv .4  ̂' «So 1_ so n• J II*» 0 1 ©AMSAPiBE m ? J| 6to■ ' ̂ - p, |--| | PpZ a/% — i 1 i A • * &iu< * [̂6Innodn %

i
0*S - nu< i IOLaL-ii o_l j ejkA*wu<.V̂gsV“it 1 i AHA[O ̂ •4SMAWJj.--i. ■ E

« &
9. i*»• 1 n

é
jnì ts r hw' u*a

W* A** >f* ii. ! « n Ó] M A«C\-À#<M*Lav,̂ mmJLVn J *■ ■ po’ B ) »r IrVstu)fN̂VIn 1►
Xm'i \0 VÈ Zi> i ew|kù MlIPiJ e Mìaa Z| #

U.1
! jV**

\ ri 1
.,. . ■ J V< —•-•nPJfe» j\H*VI io III>P 3)_ E i a. Cuuu.n. cjmjk .! !- 'i7f~ì

1
cpt)k;ni*vv 1«aA-\ Èa VP Iv»0 3 > L_ C Ai iOuafe; ffl'•à« fL„i !■ i1 1fe >
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Very l i t t l e  information has been published on the food of charr in  

Scotland waters and v ir tu a lly  nothing is  known of the d ie t  of young 

f is h . Table summarises much of the available information. The 

food of adult f is h  consists almost en tire ly  of aquatic invertebrates? 

sometimes i t  is  dominated by crustacean zooplankton and sometimes by 

zoobenthos, often both these items form an important part o f the d ie t .  

Seasonal data from several waters, eg Loch Garry (Greetr 19 ) , ind icate  

that, as with whitefish (Slack 1957), plankton may dominate a t one time 

o f the year (summer) and benthos at another (winter). Uncommonly, f is h  

(usually sticklebacks) form part o f the d ie t - as a t Loch M eallt 

(Campbell, 1976).

The s ituation  at Loch Rannoch is  of p articu lar in terest (Walker & Greer 

19 ). Here, the two sub-populations of charr have quite d is t in c t

feeding habits. The d iet of the pelagic form is  dominated by crustacean 

zooplankton (usually about 95% o f the contents), whereas that of the 

benthic form is  made up almost e n tire ly  of zoobenthos. Thus the 

differences in  morphology are reflected  also in the ecology of these 

two forms.

Although the stomachs of many charr from Lochs Garry and Rannoch have 

been examined at spawning time, no eggs have ever been found. This 

contrasts with the situation with charr at Windermere ( 

and w hitefish at Loch Lomond (Slack, 1957) where adult f is h  eat th e ir  

own eggs in large numbers during the spawning season.
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Colour

One of the attractions of charr is  the v a r ia b ility  and sometimes 

surprising brightness of th e ir  colour. Although there are undoubtedly 

major differences among many Scottish populations, i t  must be remembered 

that within any populations there may be variations related to s iz e ,  sex, 

season and sexual maturity. An analysis of the adult colour and colour 

patterns in  populations of Scottish charr has been carried out using 

objective c r ite r ia  and three.reasonably consistent characters were found 

to be of value in characterising colour forms. These were the persistence  

of parr marks (which may be c le a r ly  marked as quite absent in  adults o f  

d iffe re n t populations), the pattern of spotting (spots may be absent, 

present on the sides only, or present on the sides and on the back, where 

they may elongate to form vermiculate matter) and the degree of brightness 

o f red pigment, especia lly  on the b e lly . The la tte r  was categorised using 

standard colour charts and ranged from pale yellow through mandari

and blood reds to deep magenta.

Table shows the co lour typing of the few populations which, have been 

examined in  detail £ so fa r . Considerable variation  e x ists  but there is  a 

tendency fo r  the d u ll ,  poorly spotted forms to have persistent parr marks 

(eg at Loch Ness) whereas the brighter, better spotted forms do not have 

parr marks as adults (eg Loch Lee). There is. no detailed  information on 

the colour changes in any population related to age,season or sex. The 

colour of the two forms existing in Loch Rannoch is  quite obviously 

d iffe re n t, the benthic form having persistent parr marks, no spots and a 

dull colour whereas the pelagic form has no parr marks, fa in t  pink spots 

on the sides and a general dark c la re t colour on the body.
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Walker and Greer (in prep) discovered, in 1975, two morphometrically 

d is t in c t  sympatric forms of charr in Loch Rannoch. These two forms 

also show differences in th e ir ecology. Analysis o f heavy metal 

concentrations in viscera and muscle tissue also revealed substantial 

differences between the two'forms. This is  the f i r s t  recorded instance 

of two sympatric forms of charr occurring in a Scottish loch and apart 

from the two sympatric forms in Windermere described by Frost ( )

is  the only record of th is  phenomenanin B rita in .



MORPHOLOGY

M eristic  characters

A detailed study of m eristic characters in samples o f adults from

Scottish lochs has been carried out. The lo g is t ic s  and methodology 

o f th is  work has been described in a preliminary paper (Friend 19 ) 

and the resu lts  from the basis of a more detailed paper to be presented 

elsewhere (Maitland & Friend 1982). It is  c lear from th is  that there 

are considerable and consistent differences in the morphology of various 

populations. How much of th is  is  due to ecotypic and how much to 

phenotypic variation  is  uncertain and considerable fu rth er research is  

warrented in  th is  f ie ld ,  especia lly  using modern techniques such as 

eletrophoresis, e tc. i

Two examples o f the variation  in m eristic characters are given in  

Figure . The number o f g i l l  rakers ranges from 13 to 17 and, as in  

w hitefish Coregonus ( ) may have evolved

d if fe re n t ia lly  in  re lation  to feeding habits. Thus a low mean g i l l  rakes 

number is  found in  populations such as those at Loch Eck (S ite  9) where 

the f is h  are small and inconspicuous in  colour (Table ) ,  apparently 

having been forced into a benthic habit by competition from w hitefish  

and trout (cf Nilsson 19 ). The charr o f Loch Stack, on the other hand

have a much higher mean g i l l  rakes number as is  appropriate to th e ir  

pelagic and plankton-feeding niche in th is  large loch. Considerable 

differences occur too in  other characters, such as the len g th 'o f thé dorsal 

f in  (Figure ) where long fin s  appear to be commonly associated with 

dull benthic races and short fin s  with the more b rig h tly  coloured pelagic

forms.



EXTINCTIONS

It is  quite certain that charr are now extinct in some lochs where 

they were previously abundant. The best documented case, is  that of 

Loch Leven ( ) where charr were at one time very c

common and . i  .

However, in 18 the loch level was lowered by some m and i t s  •: 

surface area by as part of a local land drainage and

reclamation project. Charr appeared to disappear sh ortly  a fte r  th is  

and have never since been recorded in th is  well fished and studied 

water- The population formerly present in St Mary's loch also appears 

to have disappeared though the reasons are less c le a r.

In recent years i t  appears that acid precip itation  may hav4 changed 

the water chemistry of many lochs in granite unbuffered areas. It is  

well known that th is  e ffect in  Scandinavia has caused the extinction  

o f many populations of charr ( ... ‘ ) and some other

f is h .  C erta in ly , recent fish ing  ( g il l  netting and angling) in  several 

lochs l ik e ly  to be affected in  this- way have fa ile d  to produce any 

charr. The waters concerned so fa r  are Lochs Grannoch, Dungeon, Achray 

and Venrfacher.

Charr have never been recorded in several Scottisi-̂  where th e ir  presence 

on h is to r ica l grounds seems lik e ly .  Examples of such waters are Lochs 

Lomond, Shiel and Tummel. Loch Lomond is  one of only two Scottish lochs 

to contain whitefish (Coregonus lavaretus) and i t  is  known from 

Scandinavia ( 1  ) that where th is  species is

introduced to waters containing charr the la tte r  often disappear, 

apparently through competition. However, in Loch Eck, both w hitefish  

and charr co-exist - though the la tte r  are unusual m orphologically (see 

below). In shallow waters such as Loch Tummel, i t  has been suggested 

that the presence of pike may eliminate charr.
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Running Waters

Although, as previously discussed, there are no aoadromous charr le f t  

in  Scotland and a l l  existing populations occur predominantly in  lochs, 

f ish  are not infrequently found in running waters. Some o f the more 

recent records are lis te d  in  Table . These appear to f a l l  into 

. severa 1 ca tegori es: \|&

1. Fish accidently entrained into power station systems and forced 

downstream (eg f is h  in  the Rivers Kingie and North Esk below the hydro

e le c tr ic  stations on Lochs Quaich and Lee).

Z. Ripe f ish  which may have accidenta lly  moved downstream into

outflows during the spawning season (eg fish  caught in the River Ness 
■ ; V  : ;■ ... |S - : .. i.:  ■

■below Loch Ness). ^

3. Ripe f is h  which have active ly  migrated upstream during the autumn 

into su ita b le  inflow burns to spawn. Formerly the Loch Insh population 

was thought to be the only one with th is  habit, but i t  appears that the 

same situation  ex ists  at Loch na Seoilga, possibly Loch Meal I t ,  and 

probably other lochs.

4. Young f is h  (probably 0+ and 1+) which, lik e  tro u t, use suitable  

inflow burns as nursery areas. The Loch M eallt population is  the only 

one known to have th is  habit.
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Charr are inexplicably absent from a number of large and apparently 

su itab le  lochs|(eg Loch Shiel) and th e ir presence cannot be assumed 

as i t  can with brown trout. Toovonea (1972) considers that shallowness
; i  §8^

and stain ing o f  th e .Water by .humfc c o llo id s , together with the presence 

o f some o th er.fish  species .(eg whitefish) are contributing factors . . 

responsible fo r the absence of charr from many otherwise su itab le  

Fennoscandianlakes. These factors do not however apply to a l l  Scottish  

lochs without charr. §  r.- £ | - ' - ' -
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HABITAT

Standing waters

The general eohditipns'n;feiiowh.'charr 1 ochs from which data are /- X  

available are given in Table / .  ̂ The great majority of Scottish lochs» 

especially upland ones are glacial ihorigin. Many lie  in basins, some 

of great depth, gauged from acid, weather-resistant rocks. Others are 

ponded back by glacial morait̂ s. All such lochs are oligotrophiain

catchments. In a large number (eg Loch Sionascaig) l i t t le

.^character,

. their

sedimentation has taken^Tace (Pennington et al-T972). the-physical and 

chemical conditionsjp,Scottish char^Jochs indicate that,, in general, 

they are large deep lochs in areas of moderate altitude atjvarying distances 

from the sea with an acid to neutral water which is low in nutrients.

Data on conductivity, sodium jmd chloride show that the areas concerned 

a r e  o c e a n i c  with s ig n ifica n t amount*of c y c lic  sa lts  in many waters.

Of considerable in terest is  the question, not only o f the nature o f 

charr lochs themselves but how these relate  to the fresh waters o f Scotland 

as a whole. In terms of number, only a small fraction  (' the

lochs in Scotland greater than 4 ha (Smith & Lyle 1979) are known to 

contain charr. The charr lochs, on the whole, represent the larger waters 

(Table ) which are also the deepest. One of the best known areas o f 

Scotland lim no log ica lly  is  the Tayside area (Maitland, 1981) and here 

comparisons of the known charr lochs with those of the area as a whole 

are of considerable interest (Table ). The data show quite c le a r ly  that 

the charr habitat in Tayside tends to be the large lochs (s ix  out of the 

seven largest lochs contain charr) in area*of moderate (but never high) 

a ltitu d e  and base poor geology. It is  perhaps s ig n ifica n t that the only 

base rich  charr loch in the catchment (Loch Leven) is  one in  which the 

species has become extinct.



two species were hybridised successfully ( . )

and i t  has been suggested (A F Walker, personal communication) that i f  

such hybrids were introduced to waters (such as the Uaine Lochs) the 

stock could have separated back into the present types: th is  would 

exp la in the present odd communi t ie s  in  these waters. s W W

Charr arrived in the new!y-made Loch Errochty in  the la te  1950‘ s by 

way of the tumme! which picks up water from the upper River Garry -  

the f ish  originating from Loch Garry. Sim ilarly* in  the new Cruachan 

Reservoir “ part of the Cruachan pumped-storage hydro-e lectric  scheme 

constructed w  Loch Awe -  charr are now quite common, having presumably 

been pumped up through thejtm tunnel and m a ltitu de  o f the pumped- 

storage system by i t s  giant turbines.

The information on charr in  Scottish lochs has been c a re fu lly  documented

by the authors, based on published data (eg Bardie 1940, Campbell 1979,

e tc) , unpublished communications from various people and personal fishing^
A X  a m i«

records. The master l i s t ,  uhirfr is  regularly  up-dated and tnn lungi»™** 

^ £ ± sb = b s» , at present includes d iffe ren t lochs, the d istr ib u tio n  

o f which is  shown on Figure . Only a few populations occur in  the 

southern part o f Scotland, the great majority being confined to the 

north-west. No ex isting  populations are found in the south-east, and 

though there are many charr lochs throughout the Western I s le s , there 

is  only one population on Orkney and one on Shetland.





DISTRIBUTION

The indigenous freshwater f ish  communities of Scotland date from the 

retreat o f the Pleistocene ice-cap about 10,000 years ago (V ariey 1967). 

I n it ia l recolonisatiOn could only be carried out by species able to 

l iv e  in  both s a lt  and fresh water, and therefore the number of native  

species nowccpmmon over Scotland, and v ir tu a lly  the only species in   ̂

the north and west, is  small:sea lamprey (Petromyzon marinus) , r iv e r  

lamprey (Lampetra f lu v iá t i l  is ) ,A t la n tic  salmon (Salmo s a la r ) ,  trout 

($„ t ru tta ) , charr (Salve!inus alp inus) , European eel (Anguilla anguilla)  

three-spined stick!eback (Gasterosteus aculeatus), and ten-spined 

stickleback (Pungitius pungitius). These species probably recolonised  

Scotland by moving round the coast as i t  became progressively free from 

ic e , penetrating r iv e r  and loch systems. Other, purely freshwater, 

species gradually dispersed from the south of B rita in  northward but 

some have apparently not yet reached Scotland, while most o f those 

which have (eg roach, Rutilus ru tilu s)  are restricted  to the south o f 

the country.

From the orig inal anadromous stocks, o f sea trout and sea charr the 

present sedentary populations of brown trout and freshwater charr have 

developed. There are no longer, however, any populations o f anadromous 

charr in  Scotland.

Most of the existing  populations of charr are natural ones, but some 

have undoubtedly been created, in ten tion a lly  and un intentionally  by man.- 

(1 ) refers to MacLaine of Lochbuie stocking his lochs on Mull with

alpine charr, while Maxwell (1926) has given an account o f his 

introduction of charr to Loch Ossian. The charr (and brook charr,

Salve!inus fo n tin a lis )  of the Uaine Lochs were introduced during the 

1890‘ s ( ). At Howietoun in 1892 these



in  Windermere, information on the status and biology of charr in  the

local b io logy, such as spawning time and s ite ,  ages and growth ra tes, 

feeding habits, etc. Apart from the studies at Windermere, some work in

the authors has been carried  out independently on d iffe re n t aspects

of the biology of th is  fish  though there has been co llaboration  and exchange 

of material from time to time. Much of the research was carried  out by 

Mr G.F. Friend over a period of about 25 years. During th is  period he 

published two short papers on charr (Friend, 1956; 1959) but unfortunately  

h is  death in  1979 took place before he was able to prepare the bulk of h is  

material fo r-pub lication . It is  included in th is  paper along with the 

resu lts  o f recent studies by the other authors.

Ireland and the recent account from Scotland (Campbell, 197$}> T it t le

work is  being carried  out at present.
& v i ' r- -e" A Avw,- -'T'A' a 4 ""V- • _ - i. -i."
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ABSTRACT

This paper reviews availab le  information on the charr in  Scotland and 

presents new data on i t s  biology. This f is h  is  much commoner than 

form erly supposed and occurs in  a large number of lo chs, p a rt ic u la r ly  

in  the north and west o f the country. A ll known s ites  are l is te d  

and analyses of habitat ch aracteristics  presented. Ex tin ct populations 

are reviewed. M eristic  data on samples of charr from a number o f 

habitats are tabulated and compared. There is  considerable morphological 

varia tio n  among populations. Ecological data on food, growth, parasites  

and reproduction are presented and reviewed in re la tion  to previous 

studies. The conservation o f charr and aspects of future research,

sport fish in g  and other topics are discussed. A comprehensive
V'*»«**» ■ .

bibliography of a ll!re fe ren ces to Scottish charr is  appended.
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The a rc t ic  charr, Salvelinus alpinus (Linnaeus, 1758) is  a stenothermic

h o ia rctic  species occurring widely in  lakes and some r iv e rs  in  northern

ĉ v̂«vu E u r o p e ,  A s i a  and North America. Like many other Salmonidae, the northern

populations âré anadromous and may grow to a large in d iv id u a l s iz e , while

the southern populations are purely freshwater and often of small individual ^

s ize . In some areas the species is  important commercially in  net f is h e r ie s ,
W *  W*>*\ tywwV u  H# ** vivWi,

in  other areas i t  is  angled.T Charr appear to^be sen s itive  to po llu tion  and 

other stresses and anuM berofpopu lations - p a rticu la r ly  in  lakes on the 

southern1 edge o f the geographic d istrib u tio n  o f the species ~ have become- 

■■■ H p ytin ct

In the B r it ish  Isles there are well over £ hundred lakes containing 

charr populations. The majority of these are in  Scotland, but there are  

• a considerable number in  Ireland, about twelve in  the Lake D is tr ic t  of 

England and-a fow in  Wales. System atically, the B r it is h  charrs ( lik e  

those in  other parts of the world) are interesting because th e ir  loca l 

races are often quite recognisably d iffe ren t from one another. However, 

though i t  has been known fo r  a long time that the morphological range of 

variation  of charr is  a wide one, the evidence fo r  i t  has been imprecise 

and based often on a few specimens only and no knowledge o f  habitat.

Inevitably th is  has led to confusion in  th e ir  taxonomy fo r  though 

Day (\%n) regarded a ll  B r it ish  charr as belonging to the sing le  species 

Salvelinus a lp inus, Gunther(t%*>) and Regan (1*VI ) between then distinguished  

at least 14 species of charr in  the B ritish  Isles alone. It is  accepted 

now that a ll  native charr in the B ritish  Isles do, in  fa c t ,  belong to the 

p la stic  Salvelinus alpinus - though i t  must be remembered that there are 

several thriv ing  populations of introduced American brook charr, Salve!inus 

fo n tin a lis  (Mitchel 1, 1815) in various lakes. > %\%d*

wVvwO 4
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