














Some broader aspects of the biology of speckled trout in the
waters of insular Newfoundland were examined in the light of both
geographic separation and variation in habitat type.

Size compesition, age composition, maximum sizes attainable and
growth rate wvere found to be dependent on habitat size, with mean size,
mean age, and rate of growth increasing with increased spatial zllotment

Growth of Newfoundland trout taken from small bodies of water
is comparable to that of its mainland counterpart in a similar habitat;
in larger bodies of water, however, mainland trout show a faster growth
rate.

The lergth-weight relationship was determined for Newfoundland
trout, and the cube law was closely followed. The ratio of weight to
length reaches a maximum or optimum and then decreases as the habitat
progresses in size from stream to lake. Seasonally, there is an increas
in the weight to length ratio from spring to fall.

Condition factors were calculated to indicate the suitability of
the different habitats. The niean condition coefficient bears a similar
relationship to habitat size as the length-weight relationship. The
condition factor was found to either increase or decrease with increase
length, with a decrease indicating a deficiency or limitation of the

environment.



Meristics were used to determine population differences due to
geographical separation. Vertebral numbers fellowed Jordan's Rule. Gill
raker number was correlated with fish size and geographical comparison
was of little value. Dorsal and anal fin ray counts showed no consistent
variation with fisih size or latitude. There was no sexual dimorphism in
meristic counts.

Male trout mature sexually at both an earlier age and smaller size
than females. The relationship between egg number and size and age was
examined for Newfoundland trout and compared with data for mainland trout.
There was little evidence of a deviation from the 1:1 sex ratio under
natural conditions.

The food of speckled trout was examined both qualitatively and
quantitatively. The food includes the adults, larvae, and pupae of
terrestrial insects, the larvae, adults, and nymphs of aquatic insects,
amphipods, gastropods, ostracods, annelids, and forage fish. Benthic
organisms are generally utilized relatively more than either pelagic or
terrestrial forms. Food intake decreases from spring to fall, and forage
fish, when available, form the bulk of the diet of larger trout.

Speckled trout were found to be heavily parasitized by five
macroscopic forms, one of which (Salmincola sp.) has been shown to cause

death. Two others (Echinorhynchus lateralis and Philonema sp.) were shown

to at least cause serious injury. Thc known distribution of Philonema sp.

and Argulus canadensis was extended.
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I. TINTRODUCTION

"The members of this genus (Salvelinus) are by far the most
active and handsome of the trout, and live in the ccldest, clearest, and
most secluded waters. 'No higher praise can be given to a salmonid than
to say, it is a charr''". (Jordan and Evermann, 1896 : 506)

A. Description and Taxonomic Position of the Speckled Trout

1. Description (Mainly after Bigelow et al., 1963)

The trunk is fusiform, its maximum thickness is about 14-167% of
the standard length (SL), its maximum depth is about 19-23% of SL; the
trunk depth is about 1.2-1.4 times greater than the maximum thickness,
the exact relationship depending om the condition of an individual.

The dorsal profile is weakly convex, the ventral profile anterior
to the anal fin is only slightly more so. The depth of the caudal peduncle
is about twice its thickness. Minute cycloid scales cover the body and tail
sectors; the head and fins are naked; the scales are entirely enclosed in
the skin. There are about 230 along the lateral line.

The head is about 25% of SL. The snout is bluntly rounded and
about 24-30% of the head length. The eyes are somewhat above the mid-line
of the body and their diameter is 16-19% of the head length, but are relatively
larger in fingerlings. Their posterior edges are about 24-25% of the distance
from the snout to the rear edge of the operculum. The postorbital length
of the head is 53-59% of the head length. The tip of the lower jaw is even
The

with the tip of the upper jaw, or extends only slightly beyond it.
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mouth is large and moderately oblique. The maxillaries reach beyond the

eyes. There ére usually about 17 gill rakers on the first arch (14-21 in
Newfoundland); six on the lower limb (5-9 in Newfoundland), and eleven

on the upper limb (8-12 in Newfoundland). Branchiostegal rays are reported

to range from 9-12 (Bigelow et al; 1963), however, no counts of branchiostegals
were made on material from Newfoundland during this study.

The upper and lower jaw bones (premaxillaries, maxillaries, palatines,
and dentary portion of the mandibles) ecach bear a single row of sharp,
slightly=recurved teeth of moderate size. There is a patch of teeth on the
head of the vomer, a single row of smaller teeth around the tip of the
tongue, a patch of sharp, minute teeth ventrally in the pharynx and above
them, two such patches side by side. There are no teeth at the base of the
tongue.

The soft-rayed dorsal fin is rhomboid with angular or slightly
blunted corners. Its origin is about midway from the tip of the snout to
the caudal base and its longest ray is 0.9 - 1.0 times as long as the base.
Dorsal rays are reported by Bigelow et al. (1963) to range from 11-14.

Counts in Newfoundland range from 10-13. A small adipose dorsal fin is !
present with the mid-point of its base about 607 of the distance from the

posterior end of the rayed dorsal fin base to the origin of the upper side

of the caudal fin. The caudal fin has zbruptly rounded upper and lower

corners and its rear contour is slightly concave. Its breadth when spread

is about twice the length of the upper and lower margins. The anal fin is

rhomboid, its anterior corner is usually bluntly rounded, its posterior

corner angular, and its outer margin weakly concave. Its origin is midway

between the origin of the lower side of the caudal and a perpendicular from



the dorsal f£in origin. Its longest ray is about as long as the longest
dorsal ray. Anal rays are reported to number 9-12 (Bigelow et al. 1963),
whereas Newfoundland counts ranged from 10-~12. Pelvic fins have the mid-
point of their base at a perpendicular about under the midpoint of the dorsal
fin base. The longest ray is about as long as the longest dorsal ray. There
is a conspicuous fleshy appendage at the base of the pelvics. The pectoral
fins originate a little anterior to the rear edges of the operculum. The
longest ray is a little shorter than the longest dorsal ray.

Bigelow et al. (1963) report the vertebral number as 58-62; however,
the Newfoundland count is 56-62.

The mean number of pyloric caeca is reported by Bigelow et al. (1963)
to be about 38; however no counts were made from Newfoundland in this study.

Freshwater forms have backs and upper side of some shade of olive
with conspicuous vermiculations of dark olive or black. The lower part of ;
the sides has many pale yellowish spots interspersed with a smaller number
of red spots typically haloed with blue. The lower surface varies from
grayish blue through shades of pale orange and a deep reddening at spawning

time with a narrow white midline. The dorsal fin is a paler olive than the

|
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back, with coarse blackish vermiculations. The caudal fin is darker olive
(may redden more or less at spawning time) with darker wavy crossbars,
especially on the upper and lower corners. The pectorals, pelvics, and anal
are some shade of pink, orange, or crimson. The pectorals and pelvics are
dusty. The first ray or leading edge of the pectorals, pelvics, and anal

is white or cream colored, conspicuously edged rearward with a black band.
Fingerlings are more or less conspicuously marked on the sides with a series

of 7-11 (av. 9) dark, vague crossbars, or parx marks.




In general, individuals taken from brightly illuminated waters
and living over a pale sandy bottom are paler in color and more silvery than
individuals found over a dark bottom in shady situations, but the nuptial
coloration usually is more brilliant in the second case than in the first.

In contrast to the gay coloration of the freshwater form, the
anadromous form, or sea trout, is more drab. The young that are destined
to move out into salt water cannot, as a rule, be distinguished from those
that are to remain in fresh water. In some areas, however, these future
salters (as they are known in some areas) show signs of "smoltification"
having turned partially silvery through the deposition of guanin crystals,
although unlike salmon smolt, they still show their parr marks.

As they move out into brackish or salt water, their sides tend to
become increasingly silvery and the greenish-blue~to-~green marbling of their
upper parts becomes obscured. Their bellies become paler, even white., Their L
pectoral, pelvic, and anal fins retain the white leading edge but not the
black band and the other bright colors. lowever, the dark wavy markings on
the dorsal fin and on the upper part of the caudal fin continue to be con-

spicuous. In extreme cases, their sides may turn as silvery as those of the

i
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Atlantic salmon, with the pale yellow spots and c¢rimson dots showing only
faintly and the marblings hardly visible.

As with the freshwater form, coloration is variable. Individuals
taken side by side may show wide variation. Bigelow et al. (1963) report that
none of the Newfoundland specimens examined approached the extreme sea-run
coloration. Smith (1833) remarked that the most silvery of the sea trout are

the ones that pass their maritime sojourn in the saltiest water and are taken




soon after they leave the stream mouths, whereas the least silvery are
those that remain in the estuaries.

When the sea-run form re-enters fresh water, the back and upper
sides soon darken, the silver of the sides fades, the pale spots on the sides
become more orange. The pectoral, pelvic, and anal fins gradually assume the
white-black—-orange-to-red pattern typical of the freshwater form. The pure
white of the lower sides develops into a pink-~red band in breeding males and
the belly tends to become gray. After a few weeks in fresh water it is
impossible to distinguish sea from fresh water trout by color (Wilder 1952,
Wilmot 1877).

2. Taxonomic Position

Common names: A variety of common names has been used for Salvelinus
fontinalis in its range.

In Newfoundland the common names are mud trout, native trout, and i
simply trout. The anadromous form is known as the sea trout.

Elsewhere, popular names include brook trout, common brook trout,

speckled trout, common speckled trout, eastern brook trout, eastern speckled

trout, speckled char, squaretail, coaster, and char. The anadromous form is
known as salter, sea trout, salmon trout, and white sea trout.
The American Fisheries Society in 1960 designated brook trout as

the accepted common name for Salvelinus fontinalis.

Scientific names: There are many synonyms for this species.

(1) Salvelinus fontinalis (Mitchill) 1815 is now the accepted

scientific name of the speckled or brook trout. In 1815 Mitchill brought to
light existence of this species from a locality near New York City. The

trivial name fontinalis means "living in springs'", while salvelinus is an old
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name of the char, from the same root as Salbling or Saibling.
Two color varieties of the common speckled trout are:

(2) Salvelinus agassizi, discovered by Garman in 1885 from Dublin

Pond, New Hampshire.

(3) Salvelinus timagamiensis, described in 1925 by Henn and

Rinkenbach from Timigami region, Ontario; known as the Aurora trout.
Although the close affinity of the anadromous form to the typical

speckled trout has long been recognized, the exact systematic relationship

has been, and still is, a matter of much discussion. Many of the authors

considered the anadromous form as a sub-species.

(4) Salmo camadensis was probably the first name given the sea trout.

It was given by Smith (1834) and appeared in Griffith's Cuvier. This name
was acceptable to Morris (1864) and Gilpin (1867), both of whom published

excellent descriptions of the sea trout. i
H

(5) Salmo immaculatus was the name given by Storer (1857) who first

described the sea trout. It was on the basis of a single specimen taken in
1849 in Red Bay, Labrador. Suckley (1874) and Kendall (1914) both doubt

the validity of Storer's new species.

(6) Salmo hudsonicus was named by Suckley (1862) based on specimens

from Hudson Bay, Labrador, and Newfoundland. He believed these fish were a

new species,, Hudson Bay trout.

(7) Trutta argentina or Trutta marina were named by Scott (1875)

as the silver or sea trout. These were specimens taken from the St. John

River, Quebec.

(8) Salvelinus fontinalis hudsonicus (Suckley) was designated as a




sub-species by Hubbs (1926), who based this on differences between Michigan
freshwater and anadromous speckled trout.

Jordan and Evermann (1896), Kendall (1914), and Bigelow and Welsh
(1925) all considered the sea trout and speckled trout to be identical.

A further list of synonyms and references for brackish or salt

water forms are as follows:

(9) Salmo fontinalis, Mitchell, Trans. philos. Lit. N.Y., I, 1815:

Perley, Rep. Fish. Bay of Fundy, 1851: Storer, J. Boston Soc. nat. Hist.,
6, 1857: Garman, 19th Rep. Comm. inl. Fish. Mass. (1884), 1885.

(10) Salmo alleganiensis, Rafinesque, Ichthyol. Ohiensis, 1820.

(11) Salmo nigricans, Rafinesque, Ichthyol. Ohiensis, 1820.

(12) Salmo fario, Smith, Nat. Hist. Fish. Mass., 1833.

(13) Salmo trutta, Smith, Nat. Hist. Fish. Mass., 1833: Herbert,

Frank Forester's Fish and Fish. U.S., 1850: Perley in Herbert, H. W., Frank i
Forester's Fish and Fish. U.S., 1850: Bell, Con. Nat. Geol; 4, 1859: Reeks,

Zoologist, London, 2(6), 1870.

(14) Baione fontinalis, De Kay, Zool. N.Y., 4, 1842.

(15) Salmo symmetrica, Baird, Rep. U.S. Comm. Fish. (1872-1873), 2,

1874. .

(16) Salmo agassizi, Garman, 19th Rep. Comm. inl. Fish. Mass., (1884),

1885.

(17) Salvelinus fontinalis agassizi, Jordan and Evermann, Bull. U.S.

nat. Hist. Mus., 47 (1), 1896.

(18) Salvelinus (Baione) fontinalis, Vladykov, Jour. Fish. Res. Bd.

Can. 11 (6), 1954.

(19) Salmo hoodi, Richardson, Ross. Voyage, App. LVIII, 1835, and

Fauna Bor. Amer. III, 1836.




B. Size Range

Speckled trout are generally 14 or 15 mm. when hatched. The
maximum size attained in fresh water varies with locality even within short
distances. In general, the smaller trout are found in small bodies of
water and the larger trout in larger bodies of water.

They are usually under 18 inches total length and 1.5 pounds in
weight although specimens considerably larger have been reported (Bigelow
et al., 1963).

In the smaller streams of southern Ontario, the usual weight is
under a pound, but examples of 2 and 3 pounds are fairly common in the
northern parts of Ontario and Quebec; and a five pound fish is considered a
large one in most of the larger streams (Scott, 1954). 1In some northern
streams and lakes, many grow to larger sizes. Goode et al. (1884), mentions
one of 11 pounds from the Androscoggin River in northwestern Maine in 1860, é
and a Rangely Lakes fish that weighed 10 pounds after being in captivity for
three years. Kendall (1914) found records of more than sixty fish heavier

than 9 pounds, fifteen from 10-11 pounds, and four of 12-12.5 pounds, which g'

had been taken in Rangely Lakes, Maine. Kendall (1914) also reported one of

11 pounds for Belgrade Lake, and one of 10 pounds from Square Lake, both in i
Maine. The largest trout of record weighed 14} pounds and measured 34 inches |
total length. This fish was caught July, 1916, by J. W. Cook in the Nipigon
River, a tributary to the north shore of Lake Superior. Hewitt (1930) took
a fish of 26 inches and almost 13 pounds on the same river. Scott and
Crossman (1964) suggest that these record fish were using Lake Superior in
a pseudo-sea run existence.
The largest recorded fish landed from Newfoundland waters was

4 pounds 1 ounce according to Frost (1940). Kennedy (1905) referred to a
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7-pound individual as Salmo fontinalis. He may have been referring to a

specimen of the sea-run form; however, he had dealt with the sea-run trout
separately. This author has observed a fish of almost 6 pounds as an entry
in the local May 24th fishing contest held in St. John's in 1965. This
trout was reported to have been taken in the Indian Bay area in Bonavista
North. The suthor has also had numerous reports of trout of 4 pounds or
over from the same area. There is some doubt that these fish were the
freshwater form, as the area has numerous sea-runs and the prize fish may
have been over-wintering sea trout.

Sea run speckled trout generally grow larger than those that remain
in fresh water. This is particularly noticeable in situations where the
freshwater growth is slow. The average weight for the New England area
sea~-run trout is 2-3 pounds (Smith, 1833). The average for Nova Scotia is
the same (Wilder, 1952), with a record of 8 pounds (Bigelow et al, 1963). j

The evidence suggests that the sea-run form may be of larger average
size along the southern side of the Gulf of St. Lawrence. Goode et al.
(1884) described them as usually weighing 2! pounds, adding that they are
seldom taken as heavy as 6 or 8 pounds. This agrees with Perley (1851) who
reports taking 5 pounders on the north side of Prince Edward Island, and ;
Templeman (reported by Bigelow et al, 1963) reports specimens weighing up |
to 8 pounds in the Bay of Chaleur.

In Newfoundland, Scott and Crossman (1964) report sea trout of 7
pounds from Alexander Bay, and trout of 8 and 9 pounds from Deer Harbour.

In 1908 large trout of 10 3/4 , 12, and 15 pounds were taken in Fox River
and Romaine's Brook. The largest, from Romaine's Brook, was 31) inches

long and 8!)s inches deep (Morris, 1937). The large size of these fish

B LN
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would indicate that these may have been sea~run brown trout (Salmo trutta).

However, brown trout have never been reported from this area, and the area
does produce large sea-run brook trout. Twenty-three sea-run brook trout
taken from the Serpentine River included none under two pounds and one over
seven pounds. Other reports include a fish of 6 pounds taken by Sir Bryan
Leighton in 1904 in the Grand Codroy River. Tish of 7 or 8 pounds are
reported from West Brook (north of Bonne Bay) by Palmer (1928); Millais (1905)
reports thirty-threce fish averaging 3.3 pounds taken off the mouth of Grandy's
Brook on the southwest coast; and many of 3-3.5 pounds were taken from
Newman's Sound on the east coast (Hewitt, 1930).

Millais (1905) reports sea trout taken along the Atlantic coast of
Labrador '"up to 7 and 10 pounds"; however these may have been Arctic char

(Salvelinus alpinus). Usually, Labrador sea trout average one to four

pounds. Even the largest sea-run Salvelinus fontinalis recorded weighs far P

less than the largest of the freshwater form from various mainland waters.

C. Natural Habits

The life span of both the anadromous and nommigratory fish is short.
The survival rate declines rapidly after they pass their fourth season, and
very few survive for six years (Wilder, 1952). However Bridges and Mullan
(1958) report trout of eight years, and this author's sampling has yielded an
eight-year-old specimen from the Indian Bay area.

The spawning habits and early life in the streams of the sea trout do
not differ much from those of the freshwater trout. As the young trout grow,
they tend to move downstream from the spawning areas into deeper water and

may be taken in ponds and lakes during their second and third years.
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It is during their second and third years that those individuals
destined to run down into salt water do so. The average size attained by
the time of the first migration is about 17.5 cm. in length in Nova Scotia,
and about 17.8 cm. in Newfoundland.

In Nova Scotia the seaward migration of smolts begins in April and
May. In the Little Codroy River on the West coast of Newfoundland, the chief
run begins in late April or early May and continues until mid-June (Murray,
as reported by Bigelow et al., 1963). Weed (1934) reports this is preceded
by some downward movement as early as January and February. Blair (as
reported by Bigelow et al., 1963) states that they descend around the middle
of May in southern Labrador, and not until June in northern Labrador.

The movements of the sea trout after they have gone into the sea
varies widely from locality to locality. Generally, though, the majority
probably remain within the influence of the river during the entire duration
of their time away from fresh water. However, sea trout have been taken a
mile or so off shore. The availability of food, rather than salinity, is
probably the determining factor.

White (1942) reports that while in the sea off Nova Scotia they are
in schools in water five to ten feet deep around inner islands and wharves.
Fish of the same size tend to school together. This is supported by Bigelow
and Welsh (1925) for Gulf of Maine sea trout.

They may even return temporarily to the stream mouth in seérch of
food. Templeman (as reported by Bigelow et al., 1963) reports sea trout re-
entering Fox Island River in June and July, apparently to feed on smelt there,

and then returning to the sea.
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The greatest recorded distance travelled is about 8 miles as
reported by Doan (1948) for sea trout off the Nelson River, Hudson Bay; by
White (1942) for trout marked on the Moser River; and by Mullan (1958) for
trout marked along the south shore of Cape Cod.

The length of the sojourn varies widely, averaging about two months
(White, 1941). During this time in the sea they feed heavily and grow
relatively rapidly. However, after re-entering fresh water, they cease
feeding, perhaps because of the scarcity of prey of the size to which they
have become accustomed.

Backus (1957) reports that there is probably a third "form" of
speckled trout. This is the estuarine form which is found mainly in the
estuaries and brackish water of river mouths and which follows the tides in
and out of the lower reaches of the rivers. 1In Labrador these trout are
termed "slob".

Generally the migratory trout spawn in the autumn of the same year
in which they make their first seaward migration.

The upward migration takes place from late May through June on
Cape Cod with a few entering in September, and perhaps even as late as
November (Mullan, 1958). On the east coast of Maine, the main run is from i
May until early August. In Nova Scotia the chief run is from mid-June to
August (White, 1940). Breck (1909) reports the heaviest run in Cape Breton
during July as in Newfoundland. In southern Labrador, Blair reports they
are running up stream in September.

The sea trout usually spend the summer in the deep shaded and cool
pools of the river, but some individuals proceed immediately up the river as
is evidenced by a report of sea trout taken from Oliver's Brook (a tributary

AN
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to Gambo Lake) late in July, at least ten miles from the sea (Scott and
Crossman, 1954).,

The spawning habits of both sea trout and nonmigratory trout do not
differ greatly except for the sea trouths ascent from the sea. Both forms
spawn exclusively in fresh water in autumn at‘reported temperatures ranging
from 9.4°C to 4.4°C. (Bigelow et al., 1963). Frost (1940) gave the water
temperatures at spawning in Murray's Pond (near St. John's) as 9.00C to 3.5°C.
Spawning generally takes place earlier in the season in the northern part
of the range. The time varies with the degree of cooling of the water and
to some extent with the flow.

Brook trout probably spawn from mid-October until early December on
Cape Cod; from mid-October into December in New Hampshire (Goode, 1884);
from mid-October into November in Maine (Kendall, 1914); from late October
through December into January on Prince Edward Island (White, 1934); during é.
October in the Moser River, Nova Scotia (White, 1940); and from mid-October
to middle or late November on the east coast of Newfoundland at Murray's Pond.
Frost (1940) gave specific dates as October 15 to November 18. In shallow
exposed streams where the water cools rapidly, spawning may occur as early [
as late September (White, 1934). Vladykov (1956) recorded spawning as early
as late August for some high-lying Laurentian Lakes in Quebec. Ricker (1932)
gives the spawning date in southern Ontario as mid-October to mid-December.
No information is available on the spawning time in Labrador; however, Dunbar
and Hildebrand (1952) say that it is probable that speckled trout in Ungava

Bay spawn from September to October.

The speckled trout spawns on bottoms of sand or gravel in streams,

or if none are available, in suitable lakes or ponds, where currents or
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inflow from springs keep the eggs clear of detritus.

In spawning runs the males appear first and exhibit a definite
territorial behaviour. The females dig the redds into which the eggs are
shed and are fertilized by the attendant males. The pairs now move upstream,
and the females cover the redds. Spawning may occur as frequently as every
few minutes or as infrequently as every half hour or so. The eggs vary in
color from yellow to orange, and in size, averaging about 5 mm. in diameter.
The eggs hatch the following March, April or May, depending on the water
temperature. The upper thermal limit for their development is 11.7°C, and
eggs usually develop in water as cold as 1.79C (Embody, 1934). The alevins,
about 14 or 15 mm. long at hatching, carry a large yolk sac at first and
remain in the gravel of the redd until the yolk sac is absorbed. At about
38-50 mm. in length they leave the redd and swim into mid-water.

The spawners recover quickly and in a couple of months, if food is
available, the fish will again be in excellent condition (Frost, 1940).

D. Distribution

The general range is eastern and north—central North America, cold
waters from northernmost Labrador, the southern part of Hudson Bay, and the
tributaries of James Bay, southward along the coast to northern New Jersey,
from there inland along the Allegheny :fountains to North Carolina and
northern Georgia, westward to the western slope of the Alleghenies in the
southern part of its range. The northern part of its range is to north-
western Iowa, Wisconsin, southeastern Minnesota, Lake Superior with its
northern tributaries and to eastern Saskatchewan. It is also widely and
successfully introduced in the high altitude streams and lakes in the Rocky

Mountains of the United States, and in California, British Columbia, and

southern Alaska.
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It has been successfully introduced in various localities in
Soutih America and South Africa. Jenkins (1954) reports that the speckled
trout was introduced to the European continent in 1889 and tried in some
British streams. He reports that the speckled trout invariably disappears
from British streams, but has become established on the Continent.

Many migratory populations formerly existed along the New England
coast but have disappeared. Herbert (1849) describes migratory populations
as far southward as Long Island, New York, as does Goode (1884). Smith (1833)
reported that they abounded along the southern shores of Cape Cod in southern
Massachusetts. They have now all but disappeared on Long Island, and only a
few have been reported off Cape Cod.

They have never been reported between Cape Cod and Cape Elizabeth,
Maine. However, Evermann (1905) reports them from small tributaries of Casco
Bay, Maine, and Bigelow et al. (1963) report sea~going populations in the
area near Jonesport, Maine. Huntsman (1922) found no evidence of them along
the New Brunswick shore of the Bay of Fundy, but White (1941) reports them
at the head of the bay on the Nova Scotia shore.

Information concerning populations along the outer Nova Scotian coast
west of Halifax is scanty. However, east of Halifax they are found all
around Cape Breton, along the entire southern coastland of the Gulf of St.
Lawrence, around Prince Edward Island, the Magdalens, and the Island of
Anticosti. Palmer (1928) reports sea trout in 26 rivers along the west coast
of Newfoundland, in about 39 along the south coast, and in about 25 along the
east coast.

Blair (as reported by Bigelow et al., 1963) reports populations

along the north shore of the inner part of the Gulf of St. Lawrence. Barteau
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(1905) reports them from Blanc Sablon Bay, Barge Bay, Wreck Bay, Red Bay,
Chateau Bay, and Temple Bay within the Straits of Belle Isle. Barteau reports
them northward in St. Lewis and Capelin Bay, and also in Hawke Bay. Backus

(1957) reports large runs of Salvelinus fontinalis in the Hamilton Inlet-

Sandwich Bay region. Weed (1934) reports them northward at Main. Nutak
Harbour (57° 28' N) is the northernmost area reported as supporting.sea—run
speckled trout. However, Gordon and Backus (1957) think it is probable that
small populations are continuously distributed around Cape Chidley and into
Ungava Bay. Dunbar and Hildebrand (1952) report sea-going populations in
rivers draining the southern part of Ungava Bay. Vladykov (1933) reports
them in the southern part of Hudson Bay, especially around the shores of

James Bay.

E. Status of the Speckled Trout of Insular Newfoundland

Insular Newfoundland is situated between the 46th and 52nd parallels
of north latitude, and between 52° and 60° west longitude. It is bounded by
the Gulf of St. Lawrence on its west coast, while the Northwest Atlantic
washes the north, south, and east coasts. It has an approximate surface area
of 42,734 square miles, with fresh waters (lakes, ponds, rivers, and streams)
occupying one quarter of the surface.

The province's freshwater piscine fauna is sparse due to past

glaciation and geographic location. The only game fishes present are those

of the family Salmonidae. These include the anadromous and landlocked Atlantic

salmon, (Salmo salar); the anadromous and landlocked arctic char, (Salvelinus

alpinus); the two exotic salmonids, the brown trout (Salmo trutta), and the

rainbow trout (Salmo gairdneri). The exotics are represented mainly on the

Avalon Peninsula. The lake whitefish, (Coregonus clupeaformis), sometimes
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classed as a game fish, is restricted to two adjoining ponds in the St.
John's area.

Finally, there is the speckled trout in its anadromous and fresh-
water forms.

The speckled trout is so widespread in this province that no attempt
to describe its distribution is required. As Scott and Crossman (1964)
stated, '"The often used term of generally distributed is nowhere so accurately
applied to any fish as it is to the brook trout in Newfoundland. . . to
attempt to detail its distribution would be a folly." It will suffice to
say that hardly a lake, pond, river, or stream in the Province is without it.
Since this species is so widely distributed and easily accessible, it bears
the brunt of the Province's angling pressure. It is somewhat unusual then,
that a species so widespread and so important should have had as little i
investigation in Newfoundland when compared with the voluminous literature |
on the species from other areas in its range.

The first investigation of the speckled trout in Newfoundland was
carried out in 1936-38 by Frost. This was a cursory study involving obser—
vations on spawning habits, food, parasites, growth rate, and some limnological j-
studies of the ponds concerned. The study was limited to the Avalon Peninsula, [
with actual observations only at Murray's and Butler's Ponds, near St. John's, C
and Bay Bulls Long Pond. Creel censuses and verbal information was obtained |
from other areas on the Avalon. Since Frost's report in 1940, no specific
investigations on the speckled trout in Newfoundland waters have been under-
taken.

Although the importance of the speckled trout is generally under-

estimated, one should not lose sight of the fact that it is the most exploited
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of our freshwater game fishes and its value as a resource is large. It is
the aim of this study to add to the scanty information on the species in
this area.

Because little work of even a general nature has been attempted on
this species in this Province, this study sets out to examine some of the
broader aspects of the speckled trout's biology.

In general, the study may be divided into two broad categories:

Firstly, because the speckled trout is so widespread and has formed
what would appear to be many localized populations, one of the aims of this
study is to determine if indeed population differences do exist due to
geographic separation, and if so, to what extent. This aspect deals mainly
with a consideration of meristics.

The second broad aim is an examination of the species in all of its
natural habitats. Because the freshwater piscine fauna is sparse in this
Province, the speckled trout is widely distributed in varying sizes and types
of bodies of water. This aspect is concerned mainly with a consideration
of age and growth.

Also considered are some aspects of its life history and ecology

such as reproduction, parasites, and food.



II. Sampling Methods and Materials

This study not only attempts to examine the speckled trout on the
basis of its geographic separation, but also attempts a comparative examina-
tion of the species in all of its possible natural habitats; for this
reason, sampling was carried out in streams, rivers, ponds, and lakes.

Unfortunately, in a broad survey of this type where time was an ever
present factor, no limnological studies as such were made of the sampling
areas. The only attempt made in this direction was a rough mapping of the
sampling area showing sampling stations, and the calculation of surface
area. Maps of the sampling areas, taken from the Canadian Mines and
Technical Surveys Topographical Series, were projected onto a squared-paper
screen, and the surface areas calculated.

The collection of data for this study was carried out during the
summers of 1965 and 1966. Sampling areas are shown in Figure II. 1.

The samples collected in the summer of 1965 included three from
areas on the Avalon Peninsula and a fourth sample was collected in the
Indian Bay area of Bonavista North. The three Avalon Peninsula samples were
each a combination of gill netting and angling, while the Indian Bay sample
was taken by gill netting alone.

For the Avalon Peninsula samples, a gang of nylon gill nets composed
of four nets with stretched mesh size 1%'", 2", 2%'", and 3 inches were
allowed to fish overnight. Each net measured 50 yards in length and was six
feet in depth, and the gang was invariably set with the 1) inch net tied to

19
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the shore and the mesh size increased as the net ran out into the water.
The gill netting was supplemented by angling, using both artificial fly and
spinning lures.

The Indian Bay sample was taken by gill netting only. The nets
consisted of one of 1!s inch stretched mesh, and the other of 2! inch stretched
mesh. These were the only mesh sizes available as another research project
required the use of the other nets. No angling was carried out.

Specifically, the Avzlon Peninsula samples consisted of (1) a sample
from Thomas' Pond (about 10 miles outside St. John's along the Trans—-Canada
highway) taken from June 2nd to June 12th, and consisting of 105 specimens;
(2) a sample from Angle Pond (Mahers) taken from June 17th to June 30th,
and consisting of 110 specimens; and (3) a sample from Stephens' Pond (near
Bay Bulls) taken throughout the summer months (June to September), and
consisting of 104 specimens.

The Indian Bay sample was taken from Big Bear Cave Pond about 5 miles
in the Bowater's woods road from the main Bonavista North road. The sample
was taken from August 13th to 16th, and yielded 122 specimens.

Beginning in the spring of 1966, the survey was expanded and other
areas were sampled.

A return to the Indian Bay area, specifically to Indian Bay Big Pond,
yielded a sample of 100 specimens taken from June 24th to 25th.

In August two final areas were sampled. The first of these was at

Burin Bay Arm, where from August 10th to 12th a sample of 85 fish was collected

at Berry Hill Pond. The second sample consisted of 115 fish taken at Indian

River, in the Notre Dame Bay area. The sample was composed of 20 sea-run

specimens taken August 17th at the Canadian Department of Fisheries controlled

e LTI g
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flow Atlantic salmon spawning channel, and the remaining 95 stream-
resident fish were taken on August 16th in a small tributary of Indian
River, Twenty-three Mile Brook.

Sampling of the Burin Bay Arm area and a return to the Indian Bay
area was a combination of gill netting and angling (fly and lure); the gang
of nets used had the same mesh sizes as the one used the previous year.

The collection of a sample of stream~resident fish from Twenty-three
Mile Brook was made by hand seining and angling, while the sea-run trout
were taken by seine at the spawning channel. See Figures II. 2-9 for
sampling areas and stations.

Best catches were invariably taken in shallow water near the
shoreline, and both the 1! inch and 3 inch mesh appear to be more selective
than the other two mesh sizes; this will be discussed further when sources
of error are considered.

Further smaller samples were taken in late autumn of 1966 by gill
netting and angling for the purposes of reproduction and fecundity studies.
These included fish from Murray's Pond (near St. John's), Bay Bulls Long Pond,
and Donney's Pond on the Witless Bay Line. Also included in fecundity studies
were fish from Murray's and Butler's Ponds and Peter's River (St. Mary's Bay)
which were taken in 1962 and 1961 respectively, and preserved in 107 formalin.

Also included in sampling were 70 specimens obtained from the
Newfoundland Game Fish Protection Society trout hatchery at Murray's Pond.
This sample was the result of heat death at the hatchery during a particularly
hot day with low water level in August, 1965, these fish having been imported

from Nova Scotia earlier in the year. These fish were used for meristic

study.



23

SAMPLING AREA 1

STEPHENS' POLID

Lat. 47°21¢

Long. 52°51!

Area: 04056 sa.ni.
36.04cTes.

Muddy Pond

Scale: 9,84" = 1 nile

() Het berths

Bay Bulls
river

FIGURE II. 2. Map of Stephen's Pond showing sampling stations
(net berths).




.... pam anuels
S river
0...
.
e,
(;

SANPLING 2B5A IX

N

THOMAS® POND

1
Lat. 47°21

o
Longe. 52 55!
Area: Q. L0 sq. mi,
256 acres

Scales 7,'02"= 1l mile

(O 1let berths

FIGURE II. 3. Map of Thomas' Pond showing sampling stations

(net berths).




25

Railway

"% N

09%)

6.0

5al.PLING AREA III
ANGLE POND

Lat. 47°24'.
Long, 53°21

Area: 0.14 sa. mi.
89.6 acres.
Scales 9.75"= 1l mile
(O Uet berths

FIGURE II. 4. Map of Angle Pond showing sampling stations

(net berths).




26

SANPLING AREA Tv
INDIAN BAY BIu POND
Lat. 49%4
Long. 54°08'

Area: 3.77 sq. mi.
2413 acres

1
Scale: 1.25 = 1 mile

(O Vet berths
0 Bowater!s canp

woods road

FIGURE II. 5. Map of Indian Bay Big Pond showing sampling
stations (net berths).




27

5ALPLING ARZA V 8
BIG BEAR CAVE POND Q
t
Lat. 49°07 N

t

Long. 53° 59
Area: 2.33 sqe. mie
1491 acres.

sJcales 2.5 = 1 mile

(O uet berths

S

AN
T

A=
{;?;z Bowaters woods
Qb

QO road

OD

SN
A

= @ ain

—

FICURE II. 6. Map of Big Bear Cave Pond showing sampling stations
(net berths).




28

\ SAMPLING AxSA VI
. BERRY HILL POND
Lat. 47°05

Long. 55°II'

Area: 0.039 gq. mi.
25.0 acres.

1
Scale: 225 =1 nmile

N
O et bertas

FIGURE II. 7. Map of Berry Hill Pond showing sampling
stations (net berths).




29

a

SALPLING ARSAS VII Aiiw VIII
INDIAN RIVER
Lat. 49°27" Q
Long. 56 28"
Scale: 2.69%= 1 mile
O Seining stations Indian river

J Dept. of Fish, cabin

spm-rninf-@

Ch J ®23 mile
\ brook

Dam

Baie Verte
road

FIGURE II. 8. Map of Indian River showing sampling stations.




30

SAMNPLILG ARBA IX
LSRRA LWOVA LAKE
Lat. 480 30l

Longe 540 18'

Area: 9.27 sq. mi.
6211 acres.

"
Scale: 1= 0,98 mi.

X et berths

FIGURE II. 9. Map of Terra Nova Lake showing sampling stations

(net berths).

1
i
-




31

Besides the above mentioned samples, through the kind assistance
of Dr. C. W. Andrews, further data were obtained. These included sampling
data from the Southwest branch of the Upper Gander River, and from Terra Nova
Lake.

Finally, statistics were obtained from several sporting goods firms
on 25 prize trout during the annual May 24th fishing contest held in St.
John's in 1965. These fish had been taken in the Indian Bay area.

Source of error: Gill nets are passive fishing gear; therefore, their
catch depends upon the movement of the fish themselves. Therefore, the more
active individuals in a population have a greater probability of being
meshed. Other factors which influence the catchability of fish in gill nets
are: (1) the occurrence of spines, projections, etc., which increase the
probability of meshing, (2) the mesh size, (3) season of the year and even
time of day, (4) the fish population is usually in a nonrandom distribution,
(5) elastic stretching of the net, (6) visibility of the net, and (7) the
shape of the fish, including compressibility of its body. (Clark, 1960;
Moyle, Kuehn and Burrows, 1948; Houser and Ghent, 1964.)

As was previously mentioned, the greatest catches were obtained in
shallow water near the shore in the smaller mesh sizes; very few fish were
taken at great depths in the larger mesh sizes. However, those fish taken
at greater depths and in larger mesh sizes were usually the largest fish
of the sample. This may be explained as follows: (1) The number of large
trout in any population is small, and the larger mesh size is selective for
them, while smaller fish, if in the area, would not mesh. (2) The fish tend

to be more abundant in the shallower waters of the ponds.

.
?
'
i
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The fact that the 1! and 3 inch mesh seemed to be more selective
than the other mesh sizes was indicated by sampling in Big Bear Cave Pond
in 1965 when only these two mesh sizes were used. As a result, sampling
yielded a bimodal length distribution (Figure III. 1) with the first modal
group representing smaller fish taken in the 1! inch mesh and the other
modal group being taken in the 3 inch mesh.

One answer to the selectivity problem is the use of experimental
gill nets; here the various mesh sizes are represented by equal lengths of
netting arranged by mesh size in a graduated order. Because a variety of
mesh sizes are incorporated, a potential for taking a truly representative
sample does exist. However, the extreme mesh sizes are often fished at
different depths, and probably at different ecological situations. Houser
and Ghent (1964) therefore designed an experimental gill net based on the
latin square with the hope of cutting down the sampling error.

When we consider that both the size and nature of the error im which |

gill nets catch fish is often unknown, and that selectivity is poorly under-

stood, it is apparent that gill net catches can only be considered as
measures of population size, and distribution in a very general sense.
Gill netting can be of a general quantitative value however when used com-— (
paratively and in conjunction with some other sampling technique, but the
limitations should not be overlooked.

The use of angling as a sampling technique has also come in for some
criticism. Cooper (1953) and Rupp (1955) both suggest that angling captures
only the faster growing and hence larger members of each age group, and that

data collected in this way refer only to that portion of the population

available to anglers.
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The collected fish were frozen as quickly as possible, and all 1
measurements were recorded immediately following thawing, so that all i
measurements are 2s close to values of the fresh condition as possible. j

All measurements were made in the metric system. The following was
recorded for each fish: ‘
(1) Length: The fork length, measured from the anteriormost extremity to
the notch in the caudal fin, was recorded to the nearest tenth of a centimeter.

(2) Weight: Both whole and gutted weights were recorded to the nearest tenth

of a gram using a spring balance.

(3) Sex and Maturity: The gonads were observed macroscopically and the sex

determined. The stage of maturity of females was recorded and was based VI

on the scale used by Viadykov (1956). Ovaries which were to be used in

fecundity studies were removed and stored in appropriately labeled vials in

R R

10% formalin. l

(4) Food: The entire stomach from the lower esophagus to the pyloric ' f‘,;
sphincter was removed and again placed in vials with 10% formalin. The con-

tents were examined at a later date.

vt e L

(5) Parasites: The only parasites considered were the internal and external et

macroscopic variety; both type, location, and degree of infestation were

recorded. ; -
: 0
(6) Meristic characters: The meristic characters used were gill rakers,

vertebrae, dorsal and anal fin rays. Gill rakers were invariably removed

from the first arch on the left side, except in cases where both right and

left arches were compared. Fin rays were collected by clipping the fins and

placing them with the gill rakers in appropriately labeled vials in 10%

formalin, to be examined at a later date. Vertebral columns were obtained
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from filleted and boiled fish, except in one instance where the fish were

x-rayed.
(7) Age Determination: Both scales and otoliths were used in age determination. f

The largest otolith, the sagitta, was removed from each side by making a o

deep transverse out behind the operculum, and a deep longitudinal out mid-

dorsally along the skull. Scale samples were removed from just posterior

to the dorsal fin and above the laternal line. Both scales and otoliths

were placed on scale paper and stored in scale envelopes.

{
{
R
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III. Size Composition

The statistics used were calculated after Hoel (1965). o
A. Length ”:

Fork length distributions are shown in Table 1 Appendix I, where
the fish are grouped into 2.0 cm. length classes. The length distributions
are presented in histogram form in Figures III. 1 (a-d). L

In general, the distributions are unimodal and skewed to the right .‘
(positive skewness). However, both Big Bear Cave Pond and Terra Nova Lake
show bimodal distributions. This is thought to be the result of sampling ' i
error in both instances. In Big Bear Cave Pond, modes appear at both 16.55 i |

cm. and 26.55 cm., and this is blamed on the selectivity of the gill net ;; G

mesh as was previously discussed in sampling errors. Terra Nova Lake shows

two modes; one at 22.55 cm. and the other at 26.55 cm. Poor sampling of "';;

the 24.55 cm. length class is blamed, and if this class had been stronger, !
1

i
! fo
|

the bimodality would be removed. In neither instance is year class

dominance suggested to be the reason.

Generally, as the size of the body of water increases, the length
distribution shifts to the right, and the degree of skewness increases,
indicating both an increase in mean length, modal length, and range. This
is in agreement with Ricker (1932) and Scott and Crossman (1964), who suggest

that the maximum size attainable is correlated indirectly with the size of

the body of water, and directly with the presence of larger food organisms

in the larger bodies of water. This can be seen quite clearly when the mean
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lengths are presented graphically in a manner prescribed by Hubbs and
Perlmutter (1942) and modified by Hubbs and Hubbs (1953). Figure III. 2
shows the presentation. The sampling areas are arranged in order of habitat
size (stream, river, pond, lake, and the sea).

For each sample the horizontal line represents the range of variation;
the single vertical line represents the arithmetic mean (X); the hollow
rectangle represents one standard deviation about the mean (S.D.); and the
solid rectangle indicates twice the standard error on either side of the
mean (2 © m). Hubbs and Perlmutter (1942) indicated that considerable
reliance could be placed on the significance of the difference between
samples, if the solid rectangles (2 9 m) are only slightly separated or if
the overlap is not more than about 33 percent of the length of the shorter

rectangle. When the longer rectangle is 2 to 4 or more times as long as

the shorter one, an overlap of as much as 50 or 75 percent does not remove i'

the probability that a significant difference exists. If the gap between
rectangles exceeds 10 percent of the length of the shorter rectangle, a
significant difference should be regarded if we assume the sample to be
representative. Furthermore, when two samples having normal variation are
compared, if the hollow rectangles (S.D.) neither overlap nor are separated f
on the ordinate scale, an overlap in frequencies of only about 16 per cent
is indicated; that is, 84 per cent of the individuals of both groups would
then be separable.

When the length frequencies of males and females are compared in
Table 1 Appendix I, we see no great differences in composition; the modal

classes for both sexes are for the most part the same. The only exception

is Angle Pond, where the modal class for males is 20.55 cm., while for females

LRI



41

-] (95) ILunlalW QIVsR

L_EFLJ
(Stream-resident)

% (65) GAIDER RIVER

{84) BTRRY HILL FO4D

(104) STEFELNS' POID

(110) AIIGLE PCID

(105) "™MiIQMASY FOHAD

(122) ©I1IG BIZAR Cavi
POND

(100)
IHOTAN 3AY SIG POUD

(59)
PERRA WOVA 1. AKE

(20) IHDIAH RIVzR

(Sea-=run)
1 { T [| L 1 T []
10 15 20 25 30 35 4O 45

LENGTH (cm.)

FIGURE III. 2. Graphical comparison of fork length data for speckled
trout from various localities studied.




TABLE III. 1.

o o

43

Comparison of mean fork length (cm.) by sexes

for speckled trout from all localities studied.

Locality SEX MEAN LENGTH S.D. S.E. P. VALUE
(cm.)
Berry Hill Pond male 16.29 2.632 0.3615 0.09
female 17.52 3.496 0.6278
Stephen's Pond male 18.21 2.092 0.3267 0.038%*
female 19.22 2.872 0.3618
Angle Pond male 20.93 4.456 0.6431 0.66
female 21.26 3.262 0.4142
Thomas' Pond male 20.68 2.374 0.3462 0.85
female 20.76 1.786 0.2344
Big Bear Cave male 21.70 6.162 0.8385 0.059
"Pond female 19.73 5.128 0.6218
Indian Bay male 24.92 5.076 0.6664 0.29
Big Pond female 24,02 3.508 0.5412
]
‘Indian River male 14.14 2.954 0.3845 0.54
(Stream~resident) female 14.55 3.242 0.5403
Tndian River male 30.40 2.427 0.8090 0.16
(sea-run) female 32.66 4.339 1.3081
*Significant at & = .05
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it is 22.55 cm; for all other areas males and females both have the same
modal length class.

However, to statistically determine if there was evidence for sexual
dimorphism in size (length), the differences in the mean lengths between
the sexes were tested using the "Z test'" statistic when the sample size was
over 30, and the "t test" statistic when a small sample was involved (less
than 30). The results are shown in Table III. 1. In all areas except Big
Bear Cave Pond and Indian Bay Big Pond, females had greater mean lengths.
However, when these means were tested statistically, only Stephen's Pond
showed a significant difference (p = 0.038). Since the difference was only
significant at a probability of 0.05, it was felt that this did not justify
a statement to the fact that a definite sexual dimorphism existed in Stephen's
Pond.
B, Weight

Whole weight measurements are shown in Table 2 Appendix I, where

the fish are grouped into 30 gm. weight classes. The whole weight distri-

butions are presented in histogram form in Figure III. 3 (a-c).

The whole weight distributions, like the length distributions, are

for the most part unimodal and positively skewed. The exceptions are Rig

Bear Cave Pond, where a hint of bimodality exists due to sampling; and Indian

River, where the sea~run trout show a bimodal distribution, undoubtedly the

result of a small sample (20).

Once again, as was the case with length, the whole weight distribution

shows a definite shift to the right with increase in the size of the body of

water. Again, the greatest range in weight, and the heaviest fish are found

in the larger bodies of water. TFigure III. 4 shows the increase in mean whole
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wveight with increase in the surface area of the habitat. Table 2 Appendix
I shows that no difference exists in whole weight distribution between the
sexes for the most part. Generally, both sexes have the same modal weight
class, with only Stephen's Pond, Indian Bay Big Pond, and Indian River
sea trout showing differences. The small sample size is responsible for
the discrepancy of the Indian River distribution. The modal classes for
both Stephen's Pond and Indian Bay Big Pond female trout are shifted one
class to the right of the male modal classes.

To determine if sexual differences in whole weight were present,
the differences between the sexes were tested statistically. Table III. 2
shows that in all areas except Angle Pond, Big Bear Cave Pond, and Indian
Bay Big Pond, the mean whole weights of females are greater than those of
males; when tested however, no significant differences were found.

Gutted weights were then used to exclude the variables gonad weight
and weight of stomach contents which are influenced by season, locality,
and sex.

Gutted weight distributions are shown in Table 3 Appendix I, where
the fish are grouped into 30 gm. weight classes.

The distributions are generally the same as those for whole weight;
unimodal, positively skewed, but shifted slightly more to the left.

Figure III. 5 shows graphically that the mean gutted weights increase
with an increase in the size of the body of water. Table 3 Appendix I shows
that little or no difference exists in distribution between the sexes. Table

III. 3 shows no significant difference for the mean gutted weight between

the sexes.
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Comparison of whole weight (gm.) by sexes for

speckled trout from all localities studied.

MEAN
LOCALITY SEX WEIGHT (gm.) S.D. S.E. P. VALUE
Berry Hill Pond male 55.55 (53) 30.570 4.1991 0.085
female 70.07 (31) 40.890 7.3437
Stephen's Pond male 78.23 (41) 29.835 4.6595 0.064
female 91.74 (63) 44,490 5.6053
Angle Pond male 138.05 (48) 102.660 14.8181 0.35
female 122.81 (62) 51.960 6.6022
Thomas™ Pond male 113.00 (47) 39.960 5.8284 0.42
female 118.65 (58) 30.600 4.0178
Big Bear Cave Pond male 151.11 (54) 129.660 17.6408 0.077
female 112.46 (68) 105.840 12.8290
Indian Bay Big male 191.58 (58) 137.100 18.0015 0.25
Pond female 165.55 (42) 89.310 13.7824
Indian River male 37.57 (59) 23.640 3.0781 0.16
(Stream-resident) female 38.59 (36) 33.600 5.6000
Indian River male 314.02 (9) 120.000 40,0000 0.25
(Sea-run) female 406.42 (11) 231.300 69.7316

A
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Comparison of gutted weight (gm.) by sexes for

. X Mean
Locality Sex Weight (gm.) S.D. S.E. P. Value
Berry Hill Pond male 50.46 28.662 3.9370 0.19
female 60.39 35.280 6.3362
Stephen's Pond male 71.65 24,279 3.7918 0.19
female 79.36 35.400 4.4584
Angle Pond male 122.43 74.190 10.7087 0.33
female 110.71 46.470 5.9010
Thomas' Pond male 103.42 35.190 5.1327 0.71
female 105.72 26.748 3.5120
Big Bear Cave Pond male 138.88 115.650 15.7380 0.051
female 101.43 93.360 11.3210
Indian Bay Big male 171.92 125.400 16.4730 0.15
Pond female 143.40 72.990 11.2620
Indian River male 35.54 23.262 3.0285 0.73
(stream-resident) female 34.42 33.600 5.6000
Indian River male 295.55 105.960 35.3200 0.26
(sea-run) female 369.19 184.620 55.6587










IV. Age Determination

A knowledge of the age composition of a fish population is
essential to any study because of its importance in determination of such
factors as life span, growth rates, fecundity, and age at first spawning.

The fact that information on the agé and growth rate of speckled
trout was scant up to and for some years after the turn of the century is
exemplified by Agassiz' classical reply to the question regarding the age
of large speckled trout. ''. . . no man living could tell, they might be 10
to 200 years old." (Kendall, 1914).

Information was still scanty and crude twenty or thirty years later.
"It takes perhaps ten or fifteen years to produce a four or five pound
trout under natural conditions. Who actually knows?" (Kendall and Dence,
1929).

A. Methods

Three general methods have been employed to estimate the age of
fish. The first method is a comparison of length frequency distributions
(Petersen's Method) of samples containing fish of more than one age group.
The second is the mark-recapture technique. The third involves the recog-
nition and interpretation of periodic markings laid down in the hard parts
of the fish such as scales, otoliths, fin rays, vertebrae, opercular bones,
bones of the pectoral girdle, and various skull bones.

l. Petersen's Method

Petersen's method has been in use since 1891. Essentially it involves

statistically breaking the polymodal length frequency distribution into its

53
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constituent ''mormal" components. The age at first capture by the sampling
gear must be known to assign ages to successive modes. Petersen's method
is more a population technique and an indirect onej; individual fish cannot
be aged. Because it has several limitations, it is generally replaced by
direct methods. However, Petersen's method is often used to validate other
methods.

2. Mark-recapture Method

The mark-recapture method is the most direct and certain way of
age determination. It simply consists of marking or tagging a fish of
known age and then at some future time when it is recaptured, there is no
doubt as to its age. This method is of a limited value because of the time
involved and the low percentage of recovery; however, it is an excellent
method to validate other methods (Rounsefell and Everhart, 1953).

3. The Use of Annual Marks on Hard Parts

The most generally accepted method of age determination is
interpretating the annual markings or layers deposited in the hard parts
of the fish. The most widely used structure is the scale, with the otolith
and other bones following in that order. This method is dependent on
changes in growth rate or metabolism during certain periods of the year as
witnessed in these hard parts. Accurate age determination requires the
recognition and the ability to interpret these layers or markings correctly.
This method has been in use since the late 1890's, with the scale being the
first structure used extensively. (Rounsefell and Everhart, 1953).

(a) Scales

(1) Conditions for the use of scales in age determination
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Van Oosten (1929) listed three conditions on which the scale method
of age determination is founded. The latter two of these conditions are
applicable to other bony structures used in age determination. The
conditions are as follows:

(i) The scales must remain constant in number and identity
throughout the 1life of the fish. The fact that the focus of scales from
young fish is identical with that of older fish proves that the identity
remains constant throughout 1life. The fact that scale counts are used in
species differentiation shows that the number of scales remains constant
throughout life.

(ii) Growth of the scale must be proportional to the growth
of the fish. A linear relationship rarely exists between scale growth and
body growth, but good agreement has been found for growth of different age
groups of the same year class, and among different year classes for growth
in a certain vyear..

(iii) The annulus must be formed yearly and at the same
approximate time each year. It has been shown that there is a definite
correlation between age and growth, with the number of annuli increasing as
the fish grows older. Also Petersen's method of length-frequency analysis
has shown that length-frequency modes coincide with modal lengths of age
groups based on scale interpretation.

(2) Limitations to the scale method

There are however limitations to the scale method which must be kept

in mind.

-~

(i) "False" annuli may be formed due to extreme environmental

conditions at a certain period of the year, or to physiological changes within
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the fish itself (spawning, injury, or starvation). In both cases growth
may be accelerated or retarded as the case may be, so as to cause incorrect
interpretation of the periodic markings or ''checks" on the scale.

(ii) It may be difficult to establish the first year zone due
to rapid growth in the early years of life.

(iii) Growth, especially in the latter years, may be so slow
that the annuli become crowded together and difficult to distinguish.

(3) Reliability of the scale method

Many investigations have been carried out with regard to determining
the validity and reliability of the scale method;; most of the investigations
are included in the following categories: (1) mark-recapture experiments,
(ii) aquaria experiments, (iii) agreement with the Petersen method, (iv)
the use of marked structures such as abnormal scale or otolith characters
which may occur in a particular year class, (v) agreement between age readings
of other skeletal parts from the same fish, for example, one validated method
(scales) may be used to validate another (otoliths), (vi) seasonal changes
in the structure at the edge of the scale, i.e., following seasonal changes
in the deposition of circuli, and (vii) the use of back-calculated growth
from scale reading.

(b) Otoliths

Although the teleost fish has six otoliths, three on either side,
only one from either side is usually taken for age determination. This is
the sacculotolith (sagitta) which is found in the sacculus of the piscine
labyrinth. The otolith is calcareeous and its structure is laid down in

concentric layers. Otoliths are either read whole or sectioned, in reflected
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or transmitted light depending on the species concerned. When read in
reflected light, the wide summer bands appear opaque, and the narrow winter
bands translucent, and vice versa for transmitted light.

The conditions for the use of otoliths in age determination are
similar to those for scales.

Besides the limitations which otoliths have in common with scales,
they have other particular limitations as follows: (1) the otolith may
be too small or too irregular, and (2) it necessitates killing the fish
and the method cannot be validated by mark-recapture methods.

Otoliths can, however, be validated by many of the methods discussed
for scale validation.

Otoliths are usually used in age determination in conjunction with
scales (usually as a check on scales), or when the use of scales is
impossible because of lack, unsuitability, or regeneratiom.

B. Age Methods in the Present Study

Both scales and otoliths were used to age speckled trout in this
study. For the most part otoliths were used as a check on scale reading
or in instances when scales were not available, not able to be read, or
regenerated.

l. Otoliths

(a) Structure

The speckled trout otolith is a laterally compressed, oval structure,
formed essentially of aragonite crystals and an organic network. No
reference could be found concerning the chemical composition of the speckled
trout otolith, but Dannevig (1956) reports that in the cod otolith the

hyaline winter bands contain only inorganic compounds, while the opaque
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(c) Validation

Otoliths have replaced scales in age studies of such fish as plaice
(Wallace, 1915 and Berry, 1959): hake (Hickling, 1933); redfish (Kelly
and Wolf, 1959); sturgeon (Harkness, 1923 and Greeley, 1937); shad (Barney,
1925): cod (Dannevig, 1933 and Rollefsen, 1933); haddock (Saetersdal, 1953);
and capelin (Pitt, 1958). However, nowhere in the literature could reference
be found to the use of otoliths for age determination in speckled trout.

In fact, the use of otoliths for age determination in the Salmonidae as a
wvhole is rare and only two instances come to mind. Grainger (1953) and
Andrews and Lear (1956) both used otoliths to age Arctic char.

The rare usage of otoliths to determine age in the Salmonidae is
undoubtedly due to the fact that the scale method has been validated and in
use for some time in connection with age studies on the Salmonidae. Since
otolith readings were compatable with scale readings which have been
validated, otoliths were indirectly validated as a means of age determination
in the speckled trout.

2. Scales

(a) Structure and Development

Speckled trout have small embedded cycloid scales which cover the

entire body except for the head and fins. They are thin, somewhat elliptical

in shape, and shightly concavo-convex. Circuli, more or less concentric,

are laid down on the outer surface; the focus is relatively large and is

permanently centrally located; there are no radii (Figure IV. 2).

The scales of speckled trout vary considerably in size and shape

with locations on the body. The largest scales are found on the caudal

pPeduncle (where scales first appear), and the smallest ones on the throat.
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(b) Definition of annulus

Cooper (1951) in discussing the definition of the annulus of
speckled trout scales stated, ''the crowding of adjacent circuli, irregularity
or incompleteness in their formation, and the 'cutting over' of circuli in
the postero-lateral areas, are the chief characteristics that have been
employed."

In this present study, no one characteristic as mentioned by
Cooper could be consistently applied in distinguishing the annulus and
generally a combination of these characteristics had to be used. The rate
of growth differed so much between summer and winter that summer growth
produced zones where the circuli were laid dowm well spaced, while the
winter growth zone saw thin, crowded circuli laid down. This was generally
the most consistent characteristic of an annulus. Also, associated with
the zones of crowded circuli were incompletely formed circuli and often
these crossed over one another, or as Cooper (1951) called it "cutting over".
These characteristics, then, defined the annulus. Because of the methods
used in determination of the annulus, a little subjectivity is introduced
in this aging procedure. Since the annulus is not always the same for all
areas studied, practice, patience, experience, and knowledge of the general
biology of the species are often needed to distinguish true annuli.

The exact limit of the annulus is the last laid crowded circulus
before the first widely spaced circulus which indicates resumption of rapid
summer growth. An important but often overlooked fact as stated by Cooper
(1951) is that "the annulus must be formed and summer growth begun anew

before the annulus can be identified.
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(c) Time of Annulus Formation

Both Cooper (1951) and Allen (1956) state that in Michigan annulus
formation occurs in April, May, or as late as June, depending on the locality,
water temperature, and perhaps on age and rate of growth. TFor example in the
European trouts (Salmo sp.) the older and slower growing individuals formed
annuli later than younger, faster growing fish (Numann and Sella, 1943).
Baldwin (1948) and McFadden (1959) found the same for speckled trout.

McFadden found that by the middle of April in a Wisconsin stream 747 of one
year olds had formed the annulus, 637% of the two year olds, and only 30% of
the three year olds.

In Newfoundland waters annulus formation is generally completed in
April and May and scale growth is advanced by June with four or five wide
spaced circuli having been laid down. This was determined from the fact that
all scales examined from fish taken in June had a clear annulus with several
successive wide-spaced circuli. This may be due to the fact that annulus
formation begins earlier in more northern latitudes and therefore ends earlier.

Fastest scale growth usually occurs during late May and June; the
circuli are at this time prominent and wide spaced. By the end of July, these
circuli are being laid down more closely together. Through August the close-
ness of the circuli continues progressively until by early September five
or six circuli occupy as little space as perhaps did two or three of them in
May and June. We can generally say that annulus formation begins at this
time and very little change in the appearance of the circuli occurs until the
following April or early May when annulus formation is complete and the
pattern of fast growth is again repeated. Allen (1956) reports that trout

taken on September 9th in Wyoming showed annuli in the process of formation.




(d) False Annuli

False annuli or 'checks" often appear on speckled trout scales
(Cooper, 1951 and Hatch, 1961). A common cause is a mid-season rise in
water temperature approaching the lethal thermal limit. The check often
resembles a true annulus, but it can usually be distinguished because it
appears in the same relative position in all age classes, and the expected
true annulus forms in its normal position in spite of the previous check.

These false annuli or checks may be particularly common in hatchery
reared trout where seasonal environmental changes may not be as drastic.
Hatch (1961) reports that as many as 65 to 90%Z of speckled trout in four
Adirondack lakes had false annuli. He suggests two reasoms: (1) the trout
were stocked from hatcheries and probably already had "hatchery checks'", and
when released a ''stocking check'" occured from a rapid increase in growth, and
(2) probably due to the fact that in all four lakes surface temperatures
exceeded the optimum range for growth.

Spawning checks which normally occur on many fish scales are no
problem in speckled trout as they coincide with the formation of the true
annulus.

In this study, false annuli were not considered to be present.

(e) Methods

Small scale scrapings were taken from a key location on the fish.
The scales were removed from an area on the left side just above the lateral
line and at the level of the adipose fin (or just anterior to the caudal
peduncle). Scales were taken from this region for two reasons. Firstly, as
Allen (1956) points out, the frequency of regeneration is lowest in this area,

and secondly, whenever scales are removed from a particular area, for obvious
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reasons it must be determined whether scales fail to appear in this area
before the time of first annulus formation. 1In the golden trout (Salmo
ggggrbonita) for example, some individuals do not form scales until the
second year (Curtis, 1935). 1In the Yellowstone cutthroat trout (Salmo

clarki lewisi) Robertson (1947) reports that as many as two-thirds of the

population may show no first year annulus. This phenomenon is usually
associated with slow growth. However, both Cooper (1951) and Allen (1956)
have shown that young-of-~the-year speckled trout have scales by September
and since these first appear along the lateral line at the level of the
adipose fin, scales are indeed present in this area before the time of first
annulus formation.

A number of scales were cleared by rubbing them between the fingers
then mounted dry between two microscope slides which were held together with
strips of cellulose tape. Then using a Bausch and Lomb microprojector, the
scale image was projected onto a sheet of white cardboard with a magnifica-
tion of X 43.

The age was determined using the previously mentioned criteria for
annulus recognition. The thin and crowded winter circuli representing the
annulus, were counted and expressed in years, and the partial summer growth
composed of widely spaced circuli was referred to as 'plus growth' for the
year in which the sample was taken. For example, a scale taken in July
showing three annuli and several wide spaced circuli at the perimeter was
recorded as showing IIIt years (Figure IV. 2).

The writer personally found that speckled trout scales were quite
easily read after a little experience. The only difficulty encountered was

the fact that many of the older fish were found to have mainly regenerated
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scales. In these instances otoliths were relied upon.

Determination of age was made without prior reference to the size
of the fish to avoid introducing bias. The scales were read twice, at
different times, and then checked with otoliths.

Errors in age reading increase with the age of the fish. As growth
slows down, the circuli become progressively more crowded together and
annulus determination becomes more of a problem. Error may be introduced
in the location of the first annulus when growth was rapid in the first
couple of vears of the fish's life. Age may be very difficult to determine
if the fish is sampled during the period of annulus formation; some may

show it on the scale margin, others may not.

(f) Validation of the Scale Method

Cooper (1951) states, "In view of the wide application and general
acceptance of the use of scales for age determination in fishes, it perhaps

seems a bit academic to test the validity of the method for the brook trout."

Other members of the Salmonidae, however, were among the first fishes

to be aged with scales, and the validity has been since shown.

The first recorded aging of speckled trout by the scale method was
by Kendall and Dence (1927); they determined the age of trout from various
streams in Allegany State Park, New York.

Since their first use, scales have been used by many workers in
age determination for speckled trout assuming that the method as used for
other salmonids could also be used for this species (Hazzard, 1932, 1935;
Greeley, 1934-1940; Cooper, 1940; Rawson, 1941; Smith, 1941; Shetter and

Leonard, 1943; Cooper and Fuller, 1945; Doan, 1948; and Baldwin, 1948).
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Notwithstanding its wide application, several workers have doubted
the accuracy of the scale method for speckled trout. (Kendall and Dence,
1927; Ricker, 1932; and King, 1942). They have based their doubts on
four reasons: (1) the scales are minute and difficult to read, (2) a high
percentage of older scales are regenerated, (3) relatively large foci may
be difficult to distinguish from regenerated areas, and (4) in some
instances, summer and winter differences in scale growth are not distinct.

However, both Cooper (1951) and Alvord (1953) have validated the
use of scale reading in speckled trout by using fish of known age which were
periodically sampled and the known age was compared with the age determined
by annulus count.

Then in 1956, Allen validated the scale method by applying the

criterion developed by Petersen in 1895.

C. Back-Calculation of Growth

As was previously mentioned, one of the conditions or assumptions
on which the scale method is based is that the annual increment in the
length of the scale maintains, throughout the life of the fish, a predictable
ratio to the annual increment in body length (Van Oosten, 1929). Therefore
it is the purpose to show that such a relationship indeed does hold for
speckled trout, and that the scale method is valid for the species in the
Newfoundland area.

l. Body-Scale Relationship

The earliest method assumed that the relationship between body
length and scale length was a simple proportionality expressed as L = cs,
where L is the body length, s scale length, and ¢ a constant. This has

come to be known as the Dahl-Lea direct proportion method. This method
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suggested a straight line relationship with the origin passing through zero.

However, it is doubtful that a straight line relationship exists
throughout the life of a fish; it may for earlier life. More important
however, is the fact that the straight line seldom passes through the
origin since the voung fish has usually attained a certain length before
squamation begins. Thus a correction must be introduced to compensate for
this and the regression now becomes L = a + c¢s, where a is the correction
factor. This is known as the Lee Method.

Rather than determine the actual value of a by observing the time
of scale formation, the regression line is simply extrapolated back and
the value of a is where the line cuts the body length axis. However, caution
should be used in the interpretation of a since it often takes a negative
value, which would suggest the fish has a negative length at scale formation.
In some species, this interpretation may be approximately correct, but it
should not be used as a generalization (Monastyrsky, 1930).

Sherriff (1922) suggested the relationship to be parabolic and
expressed by the equation L = a + bs + cs2 where a, b, and ¢ are empirically
determined constants.

Monastyrsky (1930) suggested that the logarithms of fish length
and scale length exhibit a straight line, or that log L = log ¢ + n log s,
or expressed in exponential form L = csP.

Fry (1943) modified the Monastyrsky equation by adding the constant
2, yielding log (L - a) = log ¢ + n log s. The introduction of a however,
creates the difficulty that a mathematical fitting of the equation is

impractical.



69

For purposes of validating the age reading of speckled trout in

this study, one area, Angle Pond, was chosen because it offered the best
range and distribution of age of all areas studied (Figure V. 5.).

Using a microprojector with a magnification of 43 diameters, the
scales were measured to the nearest tenth of a centimeter (magnified length).
The distance from the center of the focus to the approximate mid-point of
the anterior margin of the scale (anterior scale radius) was used as the
scale length. Measurements from the center of the focus to the annuli
were made along the same radius.

In the majority of studies of back-calculation, the lengths have
been computed for each individual fish, and the average growth rates for
any particular group obtained from the data. However, Van Oosten (1929
and 1958) has shown that the same information is obtained by averaging
the scale lengths for each year of life and the lengths of the fish

concerned, and calculate average lengths from these data. This was the

method employed in this study.

Hazzard (1932) assumed the body-scale relationship was linear
with the correction factor corresponding to the length at scale formation.
Shetter and Leonard (1943) used the direct proportion method in their
study. Cooper (1952) found that for speckled trout in Michigan waters the
body-scale relationship could best be expressed as a curve; he used the
Monastyrsky method, expressing the relationship in the logarithmic form.

The body-scale relationship for Angle Pond is seen in Table IV. 1.
When plotted (Figure IV. 4), the data do not show a linear relationship,

but a curvilinear relationship along the entire range of the values.
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TABLE IV. 1. Body~-scale relationship for Angle Pond speckled trout.

Length Class Number Average Fork Average Scale
Length (cm.) Length X43 (cm.)
9.55 - 11.55 2 10.50 1.60
11.55 - 13.55 3 12.23 1.80
13.55 - 15.55 5 15.14 2.05
15.55 - 17.55 4 16.78 2.30
17.55 - 19.55 12 18.75 2.36
19.55 -~ 21.55 34 20.50 2.68
21.55 - 23.55 30 22.44 2.92
23.55 - 25.55 12 24 .38 3.24
25.55 - 27.55 3 26.57 3.20
27.55 -~ 29.55 2 28.60 3.80
29.55 - 31.55 1 30.90 4.70
31.55 - 33.55 2 32.15 4.50

The Monastyrsky logarithmic method was used to fit the data and
straighten out the regression. Back calculation of lengths was then made
directly from the equation Ln = 7.263 snl'0133

Because fish lengths are calculated from scale measurements, the
regression of fish length on scale length is the correct one to use, instead
of the regression of scale length on fish length, which is generally used.
The importance of this distinction has been emphasized by Weymouth, McMillan,
and Rich (1925).

In recent years, most workers have come to realize that the piscine
body-scale relationship is rarely limear; indeed a linear relationship is

the exception. In the Salmonidae as a whole, the following authors have

found curvilinear relationships: Cooper (1952), for speckled trout;
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Sigler (1951) and Kipling (1962), for brown trout; Fleener (1951) and
Irving (1954), for the cutthroat trout; Bjornn (1961), for the Dolly
Varden trout; Kerr (196l1), for the Atlantic salmon; Marr (1943), for the
chum salmon; and Dunlop (1924), for the sockeye salmon.

As was previously mentioned, to be valid in age determination, scale
growth must show a proportionality to fish growth, and this relatic::ship
should show good agreement for growth of different age groups of the same
year class, and among different year classes.

The agreement between actual lengths and back-calculated lengths
for various age groups is shown in Table IV. 2. There was no significant
difference (Chi-square = 0.499; d.f. = 4).

The agreement of scale growth between year classes and between

age groups within year classes is shown in Table IV. 3.

TABLE IV. 2. Comparison of actual length at age n with the

calculated length from the body~scale relationship for Angle Pond speckled

trout.
Year Class Age (Yrs.) Scale Length Fish Length Calc. Fish
X43 (cm.) (cm.) Length (cm.)

1964 1t 1.70 12.01 12.44
1963 2t 2.38 19.18 17.49
1962 3t 3.61 22.67 22.19
1961 Al 3.90 29.97 28.85
1960 st 4.80 32.50 35.59




TABLE IV. 3. Actual scale length (X43) at formation of the
annulus for both age and year classes for speckled trout in Angle Pond.

(Plus growth represents the scale length attained between annulus formation
and time of capture).

ACTUAL SCALE LENGTH (X 43) AT FORMATION OF ANNULUS
AGE CLASS

Year

Class I IT III Iv v Plus Growth
1960 1.18 2.15 2.80 3.60 4.35 0.45
1961 1.04 1.97 2.63 3.43 —— 0.47
1962 1.05 1.92 2,71 - —— 0.31
1963 1.03 2.02 —-— —— — 0.37
1964 1.10 - - - — 0.52

Table IV. 4 shows the good agreement of calculated fish length
between year classes and within year class age groups. It would appear
that Lee's Phenomenon does not exist in this instance. Lee's Phenomenon
is an apparent decrease in growth rate when growth is calculated from the
scales of successively older fish.

In the exponential form, because the exponent n determines the slope
of the line, the difference between the value of n and 1.0 indicates the
The value of the

amount of deviation of the curve from a straight line.

exponent of the Angle Pond sample was close to omne, specifically 1.0133.
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TABLE IV. 4. Calculated length (cm.) at formation of the annulus
for both age and year classes for speckled trout in Angle Pond. Plus growth
represents the length attained between annulus formation and time of capture.

SHi e sy

CALCULATED LENGTH AT FORMATION OF ANNULUS
AGE CLASS

Year

Class 1 IT III IV \'% Plus Growth
1960 8.00 15.77 20.62 26.60 32.22 3.30
1961 7.48 14.46 19.35 25.32 —— 3.45
1962 7.63 14.07 19.95 —— -—— 2.27
1963 7.56 14.81 —_— - ~——— 2.71
1964 8.59 - —-—— ——= - 3.81

Hazzard (1932) in using back calculation growth of speckled

trout, used samples taken by angling some time after growth had started

anew in the spring, therefore no extensive comparison between actual and

calculated lengths at annulus formation was attempted.

In this present study however, this problem was overcome by the
use of the term "plus growth" which refers to that growth in both scale and
fish length occurring from the time of annulus formation to sampling time.

Thus we can calculate the growth of both scale and fish in this time

interval. Table IV. 3 shows the increment or 'plus scale growth" from

annulus formation (April) to sampling time (June). There does not seem to

be any consistent difference among the age classes. However the one year
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olds show the greatest growth increment as would be expected. 1In this

situation we would expect the "plus growth' increments to be progressively

smaller for older age groups. Table IV. 4 shows "plus fish length growth"

increments.




V. AGE COMPOSITION AND MORTALITY

A. Age Composition

ey

o
P
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The age composition of speckled trout from the various areas in

Newfoundland is shown in Tables V. 1 - 10.

The data are presented graphically in histogram form in Figures V.

From the age composition data it would appear that the speckled trout
in Newfoundland waters, as in other areas, has a narrow age range in com-
parison with the other members of the genus Salvelinus, and with the other

trouts (Salmo sp.).

Carlander (1950) gives the following as maximum recorded ages for

other members of the genus Salvelinus: (1) Salvelinus namaycush, the lake

trout, XLI years; (2) Salvelinus alpinus, the arctic char, XXII years; and

——

(3) Salvelinus malma, the Dolly Varden char, XX years.

He also lists maximum recorded ages for the genus Salmo as follows:

(1) Salmo trutta, the brown trout, XVII years; (2) Salmo salar, the Atlantic

salmon, XIII years; (3) Salmo clarki, the cutthroat trout, X years; (4) Salmo

gairdnmeri, the rainbow trout, IX years; and Salmo salar sebago, the land-

locked Atlantic salmon, VIII years.

Figures V. 1 - 3 show that the usual range of age in Newfoundland
waters is vt vears, with fish vit years uncommon, and fish VII* and vIiIIt
years indeed rare.

Hoover (1939), in discussing the age of speckled trout in some
Hazzard

New Hampshire streams, stated "Only two trout . . . had four annuli.

76
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TABLE V: 1. Age composition of stream~resident speckled trout in Indian
River for sexes combined and separated. Standard deviations
and standard errors calculated from actual frequencies.

11 IXX IV N Mean Std. Dev. S.E.

Mates and 4 51 35 5 95 2.4315 0.6623 0.0679
Females 4.21 53.68 36.84 5.26 100

Males 2 31 24 2 59 2.4406 0.6205 0.0807
3.38 52.54 40.67 3.38 100

Females 2 20 11 3 36 2.4166 0.7242 0.1207
5.55 55.55 30.55 8.33 100

TABLE V: 2. Age composition of speckled trout in Berry Hill Pond for
sexes combined and separated. Standard deviations and
standard errors calculated from actual frequencies.

It it 111t vt N Mean Std. Dev. S.E.

Males and 1 45 32 6 84 2.5119 0.6491 0.0708
Females 1.19 53.57 38.09 7.14 100

Males 1 30 20 2 53 2.4339 0.6010 0.0817
1.88 56.60 37.73 3.77 100

Females _— 15 12 4 31 2.6451 0.7119  0.1299
-———  48.38 38.70 12.90 100
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TABLE V: 3. Age composition of speckled trout in Stephen's Pond for sexes
combined and separated. Standard deviations and standard
errors calculated from actual frequencies.

—

Tt 11t 111t vt vt N Mean Std. Dev. S.E.

Males and 1 28 71 3 1 104
Females 0.96 26.92 68.27 2.88 0.96 100

n

.7596 0.5633 0.0552

: Males 1 13 26 1 —— 41 2.6585 0.5698 0.0889
i 2.43 31.70 63.41 2.43 — 100
Females —-— 15 45 2 1 63 2.8253 0.5766 0.0726

- 23.80 71.42 3.17 1.58 100

TABLE V: 4. Age composition of speckled trout in Angle Pond for sexes
combined and separated. Standard deviations and standard errors
calculated from actual frequencies.

It 1t it Ivt vt N Mean Std. Dev. S.E.

Males and 6 42 57 4 1 110 2.5636 0.6950 0.0662
Females 5.45 38.18 51.81 3.63 0.90 100

Males 4 17 23 3 1 48 2.5833 0.8168 0.1178
8.33 35.41 47.91 6.25 2.08 100

Females 2 25 34 1 - 62 2.5483 0.5903 0.0749
3.22 40.32 54.83 l1.61 -—— 100
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TABLE V: 5. Age composition of speckled trout in Thomas' Pond for sexes
combined and separated. Standard deviations and standard
errors calculated from actual frequencies.

it 11t I11t N Mean Std. Dev. S.E.
Males and 2 47 56 105 2.5142 0.5390 0.0525
Females 1.90 44,76 53.33 100
Males 2 20 25 47 2.4893 0.5849 0.0863

.25 42.55 53.19 100

Females — 27 31 58 2.5344 0.5022 0.0659
—-— 46.55 53.44 100

TABLE V: 6. Age composition of speckled trout in Big Bear Cave Pond for
sexes combined and separated. Standard deviations and standard

errors calculated from actual frequencies.

it 11t 111t vt vt N Mean Std. Dev. S.E.

Males and 2 77 32 9 2 122 2.4426 0.7251 0.0656
Females 1.63 63.11 26.22 7.37 1.63 100

Males 1 30 16 6 1 54 2.5555 0.4143 0.0563
1.85 55.55 29.62 11.11 1.85 100

Females 1 47 16 3 1 68 2.3529 0.4232 0.0513

1.47 69.11 23.52 4.41 1.47 100

]

2t
i
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TABLE V: 7. Age composition of speckled trout in Indian Bay Big Pond for
sexes combined and separated. Standard deviations and standard
errors calculated from actual frequencies.

11t 111t 1vt vt vit N Mean Std. Dev. S.E.

Males and 6 61 24 8 1 100 3.3700 0.7590 0.0759
Females 6.00 61.00 24.00 8§.00 1.00 100

Males 4 33 14 6 1 58 3.4310 0.8371 0.1099
6.89 56.89 24.13 10.34 1.72 100

Females 2 28 10 2 — 42 3.2857 0.6325 0.0975
4.76 66.66 23.80 4.76 -~-= 100

TABLE V: 8. Age composition of sea-run speckled trout in Indian River for
sexes combined and separated. Standard deviations and standard

errors calculated from actual frequencies.

1t vt vt vit N Mean Std. Dev. S.E.

Males and 2 7 10 1 20 4 .5000 0.7609 0.1701
Females 10.00 35.00 50.00 5.00 100

Males 1 4 4 —-— 9 4.3333 0.7079 0.2359
11.11 44 .44 44.44 — 100

Females 1 3 6 1 11 4.6363 0.8093 0.2439
9.09 27.27 54.54 9.09 100
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TABLE V: 9. Age composition of speckled trout in Gander River and Terra
Nova Lake for sexes combined. Standard deviations and
standard errors calculated from actual frequencies.

? It it it vt vt N Mean Std. Dev. S.E.
Gander 2 24 36 3 --— 65 2.6153 0.6281 0.0779
: River 3.07 36.92 55.38 4.61 ~—— 100
& Terra Nova 2 11 33 18 5 69 3.1884 0.8948 0.1077
v Lake 2.89 15.94 47.82 26.08 7.24 100

TABLE V: 10. Age composition of prize speckled trout taken from the
Indian Bay Ponds, for sexes combined. Standard deviation
and standard error calculated from actual frequencies.

vt vit vizt viizt N Mean Std. Dev. S.E.

Males and 6 12 5 2 25 6.1200 0.8063 0.1612
Females 24.00 48.00 20.00 8.00 100
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(1932) figures a brook trout scale with five annuli. Hatcherymen, however,
say it is not unusual for brook trout to reach eight years of age."

Rawson (1940), in studying speckled trout in the Maligne River
system of Jasper National Park, found the maximum ages to bejiii years and
Yz years for Maligne Lake and Beaver Lake respectively.

Doan (1948) found the maximum age attainable to be Ei years for fish
in the Nelson River region.

McFadden (1961) found that the life span for speckled trout in
Lawvrence Creek, Wisconsin, was also‘zi years.

Kendall and Fenderson (1963) in sampling five lakes on the Fish
River, Maine, reportZii years as the oldest age sampled, and remarked that
few speckled trout over age V have been reported in the literature.

McCrimmon and Berst (1961) in a survey of an Ontario fish pond report
very few speckled trout reached their fifth year and no trout older than
this were in the pond.

Allen (1956) reports the maximum age in a Wyoming Beaver pond as
Iii years.

Hazzard (1932) states that while studying some brooks and creeks in
New York, the majority of legal size (6 inches) trout were found to be in
their third and fourth years (IIT and 1IIt), and individuals older than this
were too rare to be used in the study.

From these literature reports it seems evident that the speckled trout

does indeed have only a short life span. Tt would also seem apparent that

the upper limit is governed by the size of the body of water. A general

Statement might be that longevity is related to increased spatial allotments.
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Figure V: 4 shows a graphical presentation of mean ages for all the
areas studied. As with the presentation of other means, the data are
arranged in order of increased spatial magnitude of the areas. It is noticed
that the larger bodies of water, namely Indian Bay Big Pond, Terra Nova Lake,
and Indian River (Sea) produce longer living trout than do the smaller
habitats. The Indian Bay Ponds ''prize trout' show a much higher mean age
but these are the result of selective angling, and only indicate the range
of age in the area.

Figures V: 1-3 show that in all areas studied, the modal age classes
were generally found to be either IIt or 111t years, the exceptions were the
Indian River sea-trout with a modal class at vt years, and the Indian Bay
Ponds "prize fish" with a modal class at VI years.

Table V: 11 shows the difference in mean age between the sexes.

Only in Big Bear Cave Pond is there a significant difference; the males

have a mean age of 2.56 years, while the mean age for females is 2.35 years.
The difference is significant at a probability of 0.01, suggesting differential
mortality between males and females. McFadden (1961) reports differential
mortality for trout in Lawrence Creek, Wisconsin, but here the females have

a higher survival rate. He reports the sexes about equally represented in
yearling fish but the proportion of females becomes greater in successively
older age groups. Hoar (1957) suggests early attainment of sexual maturity

by male fish may be associated with a shorter life span.

B. Mortality

Survival or mortality is usually measured using data from population

estimation. However, fishery data may be used if (1) the population is stable

from year to year, and (2) the various age classes are uniformly sampled by

the sampling method used.
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FIGURE V: 4. Graphical comparison of age data for speckled trout from

various localities studied.
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TABLE V: 11. Comparison of mean ages by sexes for speckled trout from
all localities studied.
Locality Sex Mean Age S.D. S.E. P. Value
Berry Hill Pond male 2.4339(53) 0.6010 0.0817 0.16
female 2.6451(31) 0.7119 0.1299
Stephen's Pond male 2.6585(41) 0.5698 0.0889 0.16
female 2.8253(63) 0.5766 0.0726
Angle Pond male 2.5833(48) 0.8168 0.1178 0.77
female 2.5483(62) 0.5903 0.0749
Thomas' Pond male 2.4893(47) 0.5849 0.0853 0.71
female 2.5344(58) 0.5022 0.0659
Big Bear Cave male 2.5555(54) 0.4143 0.0563 0.008%%
Pond female 2.3529(68) 0.4232 0.0513
Indian Bay male 3.4310(58) 0.8371 0.1099 0.32
Big Pond female 3.2857(42) 0.6325 0.0975
Indian River male 2.4406(59) 0.6205 0.0807 0.87
(Stream-resident) female 2.4166(36) 0.7242 0.1207
Indian River male 4.3333(9) 0.7079 0.2359 0.37
(Sea~run) female 4.6363(11) 0.8093 0.2439
**significant at « = .0l.
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The distribution of ages in a random sample of a fish population
can be used to estimate the survival rate of the population during
successive years of life. The survival rates of unexploited populations
are of particular interest. The mortality rate determined from successive
ages is then a measure of natural mortality in the population, and may be
used as an estimate of natural mortality in considering total mortality of
exploited populations of the same species.

From an age distribution the rate of total mortality can be calculated
but it doesn't give any indication of the proportions caused by natural and
fishing mortalities.

1. Natural Mortality

Cooper (1953) calculated fall egg production and estimated the
number of fall fingerlings (yearlings) resulting from this egg production.
He found a very low survival from egg to fingerling stage, averaging 3 to 4
per cent.
Shetter (1961) reports an average survival from egg to fall fingerling
of 4.7 per cent in Hunt Creek, Michigan.
Records in the literature indicate that mortality among speckled
trout eggs in the redds is relatively low as compared with mortality from
eggs to fall fingerlings. Hazzard (1932) reported average egg mortalities
in the redd as 20.2%. Brasch (1949) reported that in Wisconsin streams egg

mortalities averaged 6.5 per cent. White (1930) reported egg-to-hatching

mortality for some Prince Edward Island streams as 21 per cent. Finally,
McFadden (1961) reported egg—to-sac~fry mortality as 8.5 per cent for

Lawrence Creek, Wisconsin.
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From these literature reports of low mortality among trout eggs
in redds, it is concluded that much of the egg-to-fingerling mortality
occurs after the fry emerge from the redds.

Whether the fry-to-fingerling (yearling) mortality is uniform over
the period or whether it is for the most part confined to a shorter period
within this interval is not certain. However, Smith (1947) concluded that
"the highest mortality rate in the life cycle of trout seems to come in the
fry stage, soon after emerging from the gravel." Satta (1962) reports
highest mortality is during the period from hatching (March) to the end of
June for fry in the Pigeon River, Michigan.

McFadden (1961) reports that after the first year of life, natural
mortality of speckled trout continues, but at a lesser rate.

2. Angling Mortality

Angling mortality depends on a number of factors; these may include:
(1) angling intensity, (2) angler's proficiency, (3) legal size limit, (4)
legal bag limit, (5) accessability to anglers, (6) growth rate of the
individuals in the population, (7) the type of angling gear (such as would
cause differential mortality for fish size) and (8) the most widely overlooked
factor, the catchability of the species concerned.

The present legal limit in the Province of 6 inches (15.24 cm.) barely

protects the speckled trout through its first year of life, and the vast

majority of the two year olds are fair game. However, in slower growing

populations, such as would be found in brooks, gullies, and beaver ponds, the

legal limit may protect trout up to four years of age.

Cooper (1953) reports that under a 7-inch 1imit for Pigeon River,

Michigan, some of the fish in their second year (1+) reach the limit, but fish
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in their third year (11H) bear the brunt of the angling mortality. He
suggests that a high proportion of the annual total mortality in this age
group is accounted for by the legal catch.

Shetter and Leonard (1942) reported that the anglers' catch in
Hunt Creek, Michigan, in 1940, was 50 per cent of the standing crop of
legal sized speckled trout (7 inches).

Rupp (1955) reports that age groups I, II, and III bear the brunt of
angling mortality in Sunkhaze Stream, Maine, under a six-inch legal limit.
In 1949, age IV fish comprised only 1.0 per cent, in 1951 age IV and V
comprised 6.3 per cent, and in 1952 ages IV, V, and VI totalled 6.3 per
cent of the catch.

Kendall and Fenderson (1963) report that in Fish River Lakes in
Maine, age groups I-IV comprise the angling catch under a six-inch limit.
They suggest that in lakes ages I and II are not fully vulnerable to the
fishery even though many may have reached the legal limit. They suggest
differential distribution in the lake and/or angler selectivity of older
fish because of the type of gear used. This is supported by the fact that
few sub-limit fish were reported taken by anglers.

3. Total Mortality

Total mortality is the sum of both natural and angling mortalities.
Shetter and Leonard (1942) report that in Hunt Creek, Michigan,
the total mortalities between years were as follows: (1) 0 -~ I, 35 per
cent; (2) I ~ II, 36 per cent; and (3) II - III, 86 per cent.
In an Ontario farm pond, McCrimmon and Berst (1961) report an annual

total mortality rate of about 60 per cent for age 0 — I and age IL - III;

<
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and 94 per cent from age 11 - III. They suggest the fishing mortality
among trout over 7 inches, estimated to be 71.4 per cent, contributed
substantially to total mortality.

Rupp (1955) gives the following total annual mortality rates for
Sunkhaze Stream: (1) from age II - III, 52 per cent; (2) from age III - IV,
78 per cent; (3) from age IV - V, 84 per cent; and (4) from age V - VI, 88
per cent.

The total annual mortality rate may be estimated by substituting
age composition data in the Jackson formula (Ricker, 1948).

Jackson's (1939) well-known formula,

Survival (s) = %o + x3 +t x4+ . . . X, , may be used

X1 + X5 + x3 + . . . xn_1

to estimate the average annual survival of all age groups; average total
annual mortality is the compliment of survival.

Needham, Moffett, and Slater (1945), Shuck (1945), and Needham (1949)
point out that the annual total mortality of speckled trout populations is
high, averaging better than 50 per cent.

Rupp (1955) found for all ages above I, the annual total mortality
was 62.2 per cent, and Kendall and Fenderson (1963) found that for five

Fish River lakes in Maine, the average annual total mortality from ages

IIT to VI was 64 per cent.

Table V: 12 shows the survival and mortality rates between age groups

for all localities studied. Generally, the survival rate decreases between

older age groups.

Table V: 13 shows total annual mortality and survival rates for all

i te
localities with sexes combined. It can be seen that the annual survival ra
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TABLE V: 12. Survival and Mortality rates calculated from age compositions

for speckled trout from various localities in Newfoundland.

Locality

Survival (8) and Mortality (1-8) Rates

Age Classes

Survival Rate

Mortality Rate

Indian River
(Stream~resident)

Gander River

Berry Hill Pond

Stephen's Pond

Angle Pond

Big Bear Cave Pond

Indian Bay Big
Pond

Terra Nova Lake

Indian River
(Sea~run)

11t - 111T
111t - vt
111t - vt
11t - 111t
111t -~ vt
111t - 1vt
vt - vt
111t - 1Vt
vt - vt
11t - 111t
111t - 1Vt
vt - vt
II$+ -~ Ivt
v - VI
vt - vI
II$+ - vt
vt - vt
vt - vit

0.686
0.143

0.083

0.711
0.188

0.042
0.333

0.010
0.250

0.416
0.281
0.222

0.393
0.333
0.125

0.545
0.278

0.100

0.314
0.857

0.917

0.289
0.812

0.958
0.667

0.930
0.750

0.584
0.719
0.778

0.607
0.667
0.875

0.455
0.722

0.900

A
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TABLE V: 13. Average total annual survival and mortality for speckled
trout taken from various localities in Newfoundland

3 Number Average Average
i Locality Ages of Fish  Annual Annual
: Survival(s) Mortality(m)
Indian River (Stream) II - IV 91 47 .53
r Berry Hill Pond II - IV 83 .49 .51
- Gander River IITI - IV 39 .08 .92
Stephen's Pond III - V 75 .05 .95
Angle Pond III -V 62 .08 .92
Big Bear Cave Pond II - V 120 .36 .64
Indian Bay Big Pond III - VI 94 .35 .65
Terra Nova Lake III - V 56 .45 .55
Indian River (Sea) vV - VI 11 .10 .90

ranges from a low of 5 per cent to a high of 65 per cent. The significance

of this difference will be discussed in more depth when the age compositions

dre considered in more detail.

Table V: 14 shows the differential mortality and survival rates

between the sexes. There does not seem to be any consistent difference, any

apparent difference for any one area is probably due to small sample size.
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TABLE V: 14. Average total annual survival and mortality for speckled
trout compared by sexes.

4 8. § coo 304

¥ YT

. X Average Average
Locality Sex Ages szggrh Annual Annual
oL *1Sh  survival(s) Mortality

(m)

Indian River male 1T - IV 57 47 .53
(Stream) female I1 - IV 34 .45 .55
Berry Hill Pond male IT - 1V 52 b4 .56
female I -1V 31 .59 41

Stephen's Pond male III -~ V 27 .04 .96
female I1I - V 48 .06 .94

Angle Pond male III - V 27 .15 .85
female III - 1V 35 .03 .97

Big Bear Cave male II - V 53 A .56
Pond female IT - V 67 .30 .70
Indian Bay Big male ITI - VI 54 .40 .60
Pond female III - V 40 .32 .68

C. Analysis of Age Compositions

With a background knowledge of some of the factors which can influence

an age composition, it is possible to consider in detail each of the present

dge compositions separately.
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1. Indian River (Twenty-~three Mile Brook)

This population has a life span of IVt years and a modal class at
11T years. The mean age is 2.43 years and there is an apparent total
annual mortality rate 53 per cent. There is no significant difference in
the mean age of males and females, and little evidence of differential
mortality.

The 53 per cent rate of loss from age II*t to IVt may not be entirely
due to mortality, but probably due largely to migration. Angling is either
light or non-existing. Twenty-three Mile Brook apparently acts as a
breeder stream for Indian River sea trout, for as we shall see later, meristic
counts are remarkably similar to the sea-run population. Generally, breeder
streams are small, cool, tributaries near the headwaters of a river system,
and usually show a higher standing crop or biomass per unit area than does
the main river. Hoover (1939) reports that in four New Hampshire breeder
Streams, the number of trout per acre ranged from 356 to 2600, with an
average near 1000. Fisheries biologist C. Sturge (pers comm.) indicated to
the author that very few speckled trout were taken in Indian River proper
while electrofishing; however, the greatest density in the area was for
Twenty-three Mile Brook.

Hoover (1939) also reported a slow growth rate in breeder streams
and reported a maximum age of IV years, with only a few individuals reaching
the legal 1imit of six inches. This corresponds very closely with conditions
in Twenty-three Mile Brook.

White (1940) reports that in Moser River, Nova Scotia, seaward trout

smolt migration occurs at ages II and III, with the bulk composed of II year



T P P T e R I Y

97

olds. Smith and Saunders (1958) report in Prince Edward Island, migrating
smolts are I, II, and III year olds, with mostly II year olds. Bigelow et
al (1963) reports that in Newfoundland waters, the majority go to sea at
III years of age. In the absence of angling in Twenty-three Mile Brook,
seaward migration would then account for a high percentage of the loss
between age 11+ and IV,

2. Gander River (South-West Branch)

The trout here have a life span of IVt years and a modal class at
I11* years. The mean age is 2.61 years and the annual total mortality rate
is 92 per cent. The high mortality indicates either a short life span in
the river habitat, or migration to the main river or to the sea, or possibly
both. Angling mortality is not thought to be significant because of the
inaccessability of the area.

3. Berry Hill Pond

The trout of this small pond apparently only live to an age of vt

years, and have a modal class at 1t years. The mean age was found to be

2.51 years and the annual total mortality rate was only 51 per cent. There
was no difference in mean age between the sexes and no evidence of differential
mortality.

The low annual mortality is undoubtedly due to low angling intensity,
as the inhabitants of the nearby settlement (Burin Bay Arm) informed the
author that the small size of the trout was the reason for an almost complete
lack of angling. The short life span is again thought to be related to

limited spatial allotment.

4, Stephen's Pond

This population reaches a maximum age of vt years and has a modal

/
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class at III' years. The mean age is 2.76 years and the annual total
mortality rate is very high at 95 per cent. There is no difference in

mean age between the sexes and no evidence of differential mortality.
Angling mortality is blamed for a significant portion of total mortality as
this pond is a favourite of anglers, having been so for many years. It

would seem that spawning is very successful in this pond and that the I year

olds and a good percentage of the II year olds are not vulnerable to anglers,

in order to explain the good fishing yield each year. The increase in life
span to V+ years is thought to be associated with an increase in water
surface area.

5. Angle Pond

This pond has trout attaining a maximum age of Vvt years with a modal

age class at IIIT., The mean age is 2.56 years and the annual total mortality

is high at 92 per cent. There is no difference in mean age between males
and females and no evidence of differential mortality. The low survival
rate is blamed on angling mortality in this instance alsc, as the pond is
located at Mahers, a popular summer resort. The pond is accessable by both
road and railway and anglers are known to frequent this area heavily. The
increase in life span to vt years is again associated with an increase in
spatial allotment.

6. Thomas' Pond

. +
The trout in this pond have an apparent life span of only III" years

with a modal age class at 111t. The mean age was found to be 2.51 years.

However, it would appear that incomplete sampling did not include older age
groups if they were present, as the distribution is negatively skewed to the

left. The reason was probably the scarcity of older age groups in the area
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sampled as this area was also the prime angling area, and angling intensity
was extreme. Therefore, no mortality estimates could be made for this
sample. There was no difference in the mean age of males and females.

7. Big Bear Cave Pond

This area has trout attaining a maximum age of vt years, at least
according to sampling. The mean age was found to be only 2.44 years and
this may be low in the light of sampling procedures previously discussed.
The modal class was found to be IIt years and the annual total mortality
rate was 64 per cent. Males have a significantly higher mean age than
females at a probability of 0.01, and differential survival would seem to
favor males. Considering the size of the body of water and lower than usual
angling intensity, it would seem that vt yvears is a little low as an estimate
of life span especially since trout of VIIIt years have been taken in this
water system. The lower exposure to angling intensity undoubtedly is a factor
in the relatively high survival rate.

8. Indian Bay Big Pond

The highest age sampled in this pond was vit years (again not

necessarily the maximum age attainable), the increase in life span probably
being due to increased size of the water area. The mean age was 3.37 years
and the modal class was at III1 years. The annual total mortality was
moderate at 65 per cent. Males and females did not differ significantly in
mean age, and differential mortality is not apparent. The relatively low
annual total mortality rate is certainly linked with inaccessability and low
angling mortality.

9. Terra Nova Lake

This lake shows VT years as the life span of its trout. The mean age

R
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is 3.19 years and the modal class is at 11rt years. The total annual
mortality rate is a low 55 per cent. The low mortality is probably due to
the large size of the lake and the relatively decreased availability to
anglers.

10. Indian River (Sea trout)

The maximum age of the sea trout was vit years, with a mean age of
4,50 years. The modal class was at vt years, and the annual total mortality
was high at 90 per cent. There was no difference in the mean age of males
and females. The low annual survival of sea trout is not unusual (Menzies,
1936). Besides natural mortality, predators in the sea and anglers take a
great percentage.

11. Indian Bay Ponds (Prize-~trout)

As was previously mentioned, a high of VIII' years was recorded
(2 trout), with a mean age of 6.12 years. The modal class of these prize
trout was VIt years.

The scarcity of trout of this calibre, in itself, indicates both

the life span and mortality of most of our speckled trout.
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VI. GROWTH

A. General Considerations

l. Definition and Description of Piscine Growth

Essential in any study of the life history and biology of a fish
is some knowledge of the nature and rate of its growth.

Growth can be defined simply as increase in size. It is the
net result of the differences of the animal's anabolic and catabolic rate.
Since growth is manifested as an increase in size, it is perhaps best
measured as weight or volume of the animal. However, most piscine growth
studies have been made from observations on length measurements. Length
has been found to be a satisfactory basis for measurement of growth since
it has been shown that the relationship of length to weight remains fairly
constant for a species throughout its life.

Fishes have a remarkable growth pattern in that they have the ability
of sustained though diminishing growth throughout their entire lives if
suitable biotic and physical environmental agencies are maintained. This
ability is termed indeterminate growth. Thus it is possible that members
of the same species may assume a variety of sizes at the same age.

A suggested explanation is that since fish are living in a fluid

medium which supports them mechanically, they are able to grow throughout

their lives because there are more biotic than mechanical limits imposed on

their maximum sizes (Lagler et al, 1962).

2. The Effect of Gear Selectivity on Growth Calculations

The length or weight data used for growth studies are obtained in

101
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one of two ways: (1) by taking repeated measurements on the same fish or
(2) by taking measurements on samples from the population. The first of
the two methods is applicable only to growth determination for individual
fish and is not a population technique. Therefore, for growth determination
for the population as a whole, the latter method is used.
The data or measurements are taken from a sample which has been
obtained by some type of sampling gear. Because of inherent selectivity
by most gears, any discussion of growth rates of fishes should consider
the errors related to this selectivity. For instance, the most active
members of the population may be more vulnerable to passive gears while
they may be better able to escape active gears. Ve then have to ask
whether the sample is representative of the population as a whole.
Cooper (1953) has shown that angling is selective for faster
growing speckled trout of each age group, regardless of size. The selective
effect of angling has also been noted for arctic grayling (Gustafson, 1949).
Ricker (1958) suggests that if only one sampling gear or method
is used, it is unlikely to be representative for all ages. Should the
gear be more efficient for intermediate sized fish, then it will select
more of the larger members of the younger age groups and similarly the
smaller members of the older age groups. If this fact is not taken into
consideration, Ricker suggests the growth rate obtained will be invariably

smaller than the actual. The same would be true if the selectivity is for

the smallest or for the largest. The best way to avoid this bias is to use

a combination of sampling gears all of which may have some particular

inherent selectivity for size to some extent, but will select different size

ranges,
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As was previously mentioned, selective mortality, especially if
man is involved, is probably directed towards the faster growing members
of any age group. For this reason any heavily fished trout stream or pond
will yield a sample of gill-netted fish which will invariably show a growth
rate slower than the actual.

Ricker also suggests that natural selection could conceivably be
more effective on either the larger or smaller fish. Faster growers may
mature earlier and die earlier than smaller, slower growing individuals,
which on the other hand, may be more susceptible to predators.

Since we have thus seen that selectivity is a problem, it is felt
that the bias has been reduced as much as possible through the use of more
than one sampling technique. In most instances, at least two sampling
procedures were utilized, with gill nets, seines, and angling being
employed.

3. Factors Influencing the Growth of Trout

It has long been known that the growth rate of trout was different
in different waters, and there has been widespread speculation concerning

the factors responsible for these differences.

Generally, we can state that the factors influencing the growth
rates of fishes may be of three types: (1) genetic, (2) physiological,

and (3) environmental.

Higgins (1929); Hayford and Embody (1930); Davis (1934); and Dinsmore

(1934); and numerous recent authors have shown that the growth rate of

speckled trout can be increased by selective breeding. Dahl (1918) suggests

that small, slowly growing trout are derived from smaller ova than those

growing more rapidly, and suggests egg size varies with genetic strains

/]
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and with it varies the initial size at hatching. In nature the presence

of genetic variations in growth potential in populations of the same species
is usually masked by environmmental factors, but as Brown (1946) points out,
the advantages may be lifelong.

Minot (1890) was the first to point out that for fish the specific
growth rate is highest in early lifé and shows decreasing acceleration as
the fish increases in age and size. He suggests this negative acceleration
depends on age and not size, and may be partly a physiological effect of
tissue aging.

Perhaps the most important factors concerned with the growth of
fish are environmental, both physico-chemical and biotic. The chief physico-
chemical factors are temperature, illumination, concentration of gases
and dissolved salts, and rate of water flow; while the most important
biotic factors are food supply (both quality and quantity), and inter- and
intraspecific piscine relationships.

Experimental work with salmonid fry has shown the importance of
light (Tryon, 1942) and of rate of water flow (Washbourn, 1936).

There is ample evidence in the literature of the importance of
temperature on the growth of trout. Titcomb, 1920; Leach, 1923; Belding,
1928; and Davis, 1929 all drew attention to differences in growth of trout
in hatcheries supplied with water of different temperatures. Hubbs,
Greeley, and Tarzwell, (1932) observe that "the coldest spring water . . .
is much less conducive to growth than considerably warmer water.'" Hazzard
(1932) has attributed the slow growth of speckled trout in certain New York

State streams to low water temperatures, Cooper (1953) observed a marked

. . s e ith
increase in the condition and growth rate in several Michigan streams W

\\;.~<
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rising temperatures in late spring and early summer.

Job (1955) found that the active respiration of speckled trout
larger than a certain size is limited by the available oxygen at temperatures
above 15°C. Fry (1957) has suggested that it may be the respiratory system
which limits growth, and Swift (1961) suggested that above 12°C the
incapability of the brown trout's respiratory system to meet respiratory
needs caused a decrease in growth rate.

Southern (1932, 1935) first suggested that rapid growth was
correlated with hard or alkaline water. Went and Frost (1942) and McFadden
(1961) have subsequently confirmed this for brown trout in Europe and North
America respectively. Sherrer (1963) has also found the relationships
to hold for speckled trout.

Dahl (1918) suggested that the food supply and the degree of
crowding were important in determining the growth rate of brown trout, and
Cooper (1959) suggested the same reasons for variation in growth of speckled
trout.

Brown (1946) has further shown that the size hierarchy at hatching
(Dahl, 1918) is maintained throughout life and the size relative to others
is the most important factor influencing the growth rate.

4, Growth Compensation

In piscine growth studies based on back calculation from scale

measurements, many investigators dealing with various species have found

that those members of an age group which were initially slow growing grew

faster in later years than their initially faster growing contempories of

. " s
that same age group. This so called "law of growth compensation' was first

hynchus

described by Gilbert (1914) in relation to the sockeye salmon (Qncor

nerka).
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Cooper (1953) has demonstrated that speckled trout in the Pigeon
River, Michigan, also show growth compensation. Using calculated lengths
from two and three year old fish he showed that although growth increments
of different sized fish are similar, the relative growth of the fish that
vere the slow growing yearlings is greater than that of those which were
the larger yearlings. However, Cooper states that this growth compensation
is not sufficient to overcome the original difference in growth shown
during the first year, and the larger yearlings maintain their dominance
in size throughout the first three years at least and it was not known
if the phenomenon extended beyond three years as older age groups were not
available.

The fact that the growth compensation is insufficient to offset
initial slow growth is important from the management viewpoint. Under a
low minimum size limit the fish with the potential to become prize

specimens are harvested first.

5. Periodicity of Growth

Although no attempt was made in this investigation to consider
the periodicity of growth due to the inability to sample the year round,
it is felt that a consideration of information in the literature is
imperative to the overall appreciation of the grosser aspects of yearly
growth,

The first record of significance dealing with periodicity of
growth in speckled trout is by Cooper (1953) who gathered data from three

Michigan streams. TIn all three streams the growth rate increased rapldly

during the last week in April or first week in May, remaining rapid during

May and June, and slowed up considerably during July, August, September
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and October. Growth for all intents and purposes ceased from November
to March.

Fry (1951) in a consideration of some environmental relations of
the speckled trout listed temperature as one of the most decisive factors
in determining its success. Baldwin (1951) reports optimum growth as
taking place at S57°F. and Davis (1946) states that in hatcheries optimum
temperatures for growth range from 55° to 60°F.

These temperature data on optima for growth agree with Cooper's
field observations. A change in maximum temperature from 400 - 500F.
during April, to 50° - 60°F. during May and June, is accompanied by a
marked increase in growth.

McFadden (1961) states that in Lawrence Creek, Wisconsin, speckled
trout of age groups I and older have completed their annual growth by
September, however, young-of-the-year (age group 0) continued to grow into
November, with a considerable length increment being added after September.
Growth in length was found to be nearly rectilinear from February through
August for young-of~-the-year, then declined slightly through mid-November.

Little or no growth was evident from mid-November until sometime between
late January and early March., For fish of age group I and older, growth
was approximately rectilinear from March through mid—August. Then no

appreciable growth occurred until sometime between late January and early

March.
The only information available on the growth periodicity of

speckled trout in Newfoundland is from casual observation of the deposition

of circuli on the scale edge. It would appear that growth begins in late

April or early May and ends by September.
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The marked difference in growth pattern between wild and hatchery
strains of speckled trout may help to elucidate some of the envircnmental
factors involved in growth periodicity. Generally, hatchery trout show
greater growth than wild trout for the entire year, mainly because their
grovwth starts earlier in the season due to favorable temperatures and
because they grow at a relatively fast, though declining rate, for a greater
part of the year. The almost complete lack of seasonal decline during the
fall and winter is probably due to the maintenance of sufficiently high
temperatures suitable for active growth.

As wve have seen wild populations in cold climates are able to grow
at a maximum rate for only short periods when the optimum temperature is
available. Generally growth per se. is possible for about six months and
the bulk of this is accomplished in perhaps two months. During a short
period of optimum conditions (temperature and food) both wild and hatchery
trout grow at comparable rates. In late summer a decline in food usually
is responsible for a growth decline, even though temperatures may be
favorable (Cooper and Benson, 1951 and Ellis and Gowing, 1957). In winter
temperature is usually the limiting factor since it has been shown that
even if food is available it cannot be efficiently utilized (Leonard, 1942).
We can therefore simply say that the larger size of hatchery trout at any

given period is the result of growing at a higher average rate for a longer

period. This fact becomes quite significant when we consider the growth

of the species in more northern climes (such as in Newfoundland) where the

duration of this period of optimum growth may vary widely from more southern

i i i ithi eneral
latitudes, and where the location of this optimum period within the g

i of
growth period may also differ. Superimpose upomn this problem the problem
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regional variations and that of other envirommental factors and the
result is a complexity which is not easily dispensed with during growth
considerations.

6. The Mathematical Expression of Growth

The simplest growth curve is a time diagram which defines dimensions
at specified times. The typical curve is the S-shaped or sigmoid curve.
As was previously mentioned, the dimensions most often used in fishery
biology are those of length and weight. The curve that fits the variables
of time and dimensions may be closely simulated by mathematical models of
varying degrees of complexity.

The simplest of these growth curves, the sigmoid curve, gives the
velocity of change in dimension (length or weight) or rate of growth.
However, it does not describe the exact mode of growth of a species, but
is the simplest mathematical curve which fits the two variables, and for
determination of average growth rates it has been found to be adequate.

Because fish have indeterminate growth, they approach their
ultimate or limiting growth very slowly, as can be seen in the sigmoid
curve. From this curve we can also see that growth is at first slow, then
is positively accelerated until the inflection point is reached. Beyond
this point growth is slower or negatively accelerated.

The exact manner in which fish grow is much more complex than that

shown by a simple time series. Growth is the result of metabolic rates

which may be either accelerated or retarded by changes in both physico-

chemical and biotic environmental factors. Therefore variations in growth

rate occur, and although they are biologically important, they do not

. e N
seriously impair the results obtained from average growth rate formula |
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providing the mean dimensions (length and weight) of the age groups are

unbiased estimates for the population.
Two general approaches have been made describing growth curves
mathematically. For sigmoid curves if the inflection point comes early in

life, the logistic curve usually gives a straight line fit. However, as

already mentioned, this type of curve gives little insight into the

mechanics of growth.
The second approach has been to divide the sigmoid curve at the
inflection point and fit the two halves with separate curves.

Generally in fisheries biology we are not concerned with the curve

below the inflection point as it represents larval or early fingerling

growth (Hayes, 1949 and Allen, 1950, 1951).

Brody (1927, 1945) in describing the portion above the inflection

point with decreasing slope, used:

1t = B - C.~kt (1)

where 1 is length and t is age; B and C are parameters of length; and k

is a constant determining the rate of change in length increment.

This form has been found to be applicable for growth studies of

older fish, sometimes from age I onward, but more commonly starting at a

greater age.

Brody's relationship can readily be changed to the form used by

von Bertalanffy (1934, 1938):
1t = 1 2 (1 - e"k(t-to) (2)

where 1 == is the value which 1 assumes as age increases indefinitely,

and is called the asymptotic length of the fish.
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The Bertalanffy curve is a curve of the decaying exponential type
and is perhaps the best attempt at providing a physiological basis for a
growth equation. He regards the rate of growth of an organism as being
dependent upon both processes of anabolism and catabolism.

Yet another form has been obtained from equation (1) by duplicating
equation (2) using t + 1 for t, and subtracting the resulting equation
from (2). Putting k = l'k, this relationship is:

1 <-=(1 - k) + klt (3)

1t + 1

This expression was developed empirically by Ford (1933) and by
Walford (1946), and is commonly called the'Walford line".

Walford's method of plotting size at age t against size at age

t + 1 transforms a generally depressed curve into a straight line. This

line has a slope of less than 1 and intersects the 459 line. Two constants,

characteristic of this transformation, may be derived. These constants are:

k, which is the slope of the transformed line, and 1 <= , which describes

the asymptotic length, or maximum size attained by the fish.

An effort was made to fit the actual length data of this study to

the Walford transformation, however, success was limited as the points

vere too erratic for good straight line fits. It was found that the two

terminal values were the most erratic probably due to the fact, as Ricker

(1958) suggests, the two terminal values are more susceptible to sampling

error and are used only once, whereas the intermediate values are used twice.

The age-length data were then transformed to the log regression

form and the calculated lengths fitted to the Walford transformation, and

a satisfactory linear fit resulted from the smoothed logistic values.

Figure VI. 1 shows examples of two such Walford transformations,

for Terra Nova Lake and Thomas' Pond.
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The 1 <~ values may be simply read off the graph or calculated

from equation (3). However, for better fits the trial value is read off

the graph and used in an expression derived from equation (3) by taking

logarithms, giving:
log e (1l = = 1t) = log ¢l < + kto - kt (4)
Thus a graph of logg (1 == - 1lt) against t should be straight, and

the straightness is sensitive to changes in 1 o= . A few trial plots yields

the value of 1 == which gives the straightest line (Ricker, 1958).
Table VI. 1 shows the growth characteristics of the Walford
(W == is

transformations for the speckled trout in the areas studied.

calculated from L <= using the length-weight relationship, assuming the
relationship holds throughout old age).

There are two sources of error to be considered. The most common
error is probably selection of larger fish of each year class, which would

increase the value of 1 == , and secondly reading scales of old fish

consistently too low results in a lower 1 ==,

Cooper (1961) has also used the Walford approach for speckled trout,

however he suggests the values of 1 < may be unrealistic. For instance

he found that one value of 21.8 inches was less than the known length
attained by a particular group of trout in actual performance, and a value
of 37.7 inches was obtained which corresponds to a weight of 29 pounds,

which has never been approached by the species anywhere. lHe questions the

logic of calculation of asymptotic lengths by extrapolation from segments

°f a growth curve even when the segment of the curve extends over a large

Portion of the predicted ultimate size of the fish.
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TABLE VI. 1. Growth characteristics of the Walford transformations of

eight groups of speckled trout from Newfoundland localities.

.{H"__!.l | g?g[%ﬂl'gﬂﬁgm}gg(gmmmq prav

k L W >0
Locality
cm., in. gm. 1b.
Indian River .788 30.52 12.02 235.9 0.52
(stream~resident)
Gander River .755 31.18 12.28 344.5 0.76
Berry Hill Pond .780 32.95 12.97 408.4 0.90
Stephen's Pond .787 35.77 14.08 527.9 1.16
Angle Pond .839 52,17 20.54 2167 4.78
Thomas' Pond .784 35.69 14.05 595.8 1.31
Big Bear Cave Pond .847 55.75 21.95 1823 4.02
Indian Bay Big Pond .874 65.18 25.66 2934 6.47
Terra Nova Lake .871 61.86 24,35 2637 5.81

Larkin, Terpenning, and Parker (1956) suggest that although genetic
factors set the potential of growth, it may not be so conveniently

Summarized mathematically.

ultimate size. Moreover, many s

They suggest there may not be a sharply defined

pecies (including salmonids) change theilr

ecological niche as they grow larger, and perhaps revising the ultimate

/
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size to which their growth is related. Finally, speckled trout are
relatively short lived, and growth studies based on scale reading provide
few annuli as reference points for estimation of future growth.

Some of the ultimate sizes shown in Table VI. 1 may appear at

first glance to be rather high, however, it is felt that they represent

the limiting size to a fair degree of accuracy. The L <= value of 25.66

inches (6.47 pounds) for Indian Bay Big Pond is known to be approached; as
was mentioned previously, the author has information that trout of
approximately 6 pounds have been taken in this area. Angle Pond, which

for many years has been recognized as a producer of prize trout, yielded

a L -~ value of 20,54 inches (4.78 pounds). The rate of growth indicates

a genetic or physiological potential to approach this limit; however, the

influence of high angling pressure may have reduced the probability of a

given trout reaching this size. The other area yielding a seemingly high

value of L o= was Terra Nova Lake with 24.35 inches or 5.81 pounds.

Since the author is not familiar with this locality or the angling success,

it can only be surmised that the value is realistic.

The values of 1. o= for the other areas seem realistic as the

author is familiar with the localities and the overall angling picture.

B. Growth in Length

l. Absolute Growth

Absolute growth is the average total size at each age. It is

usually presented as the regression of length on age, or average length

for each age group. As was mentioned previously, the absolute growth curve

is generally sigmoid.
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While it is recognized that plotting the length of fishes as a
simple time series provides little insight into the mechanism of growth,
it was felt that this simple approach would be effective for simple
comparison of growth between localities and habitats.

(a) Empirical Age - Length Relationship

Estimation of annual growth was obtained by calculating the mean
length of each age group from the sample length-age distribution., The
calculations are based on the assumption that the mean length of each age

group is the mode. No weighted-mean corrections were made for grouping

and obviously the assumption may not hold true in all cases, especially for

terminal values where numbers of fish are small and more subject to sampling

error.
Table VI. 2(a-j) shows the length distribution of age groups, and

the corresponding mean lengths for age groups. The overlap in length

frequencies between age groups is noted and implies, as already mentioned,

that the nature of piscine growth is such that members of the same age group

may assume a variety of sizes within certain limits.

The empirical age-length data for both sexes separated and combined
are given in Table 1 Appendix II, and includes data from all localities

Studied.

The age~length data for sexes combined are presented graphically in

Figures VI. 2(a-b). The growth pattern of the species in Newfoundland waters

parallels the almost universal situation found elsewhere in its range, or as

Scott and Crossman (1964) suggest, "Growth data . . exemplifies the direct

relationship of growth rate with habitat area.' The growth data from this

study, like that of Scott and Crossman (1964), indicate "a steady increase

T
\\{M;
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TABLE VI: 2a. Length Distribution of Age Groups for Terra
(Sexes combined).

Nova Lake,

g; For%c$:n§th Age Groups Total
; ) It 11t 111t vt vt
§ 9.55 - 11.55 1 — _— — _— 1
£
£ 11.55 - 13.55 1 _— — _—_ — 1
13.55 - 15.55 — 2 — — — 2
15.55 = 17.55  ——- 4 — — —— 4
17.55 - 19.55 — 4 3 — _— 7
19.55 - 21.55 — 1 7 — — 8
21,55 - 23.55 — — 11 _— — 11
23.55 - 25.55 _— — 8 1 — 9
25.55 ~ 27.55 — — 4 8 _— 12
27.55 - 29.55 — — — 4 — 4
29.55 - 31.55 — —— — 2 — 2
31.55 - 33.55 — — —— 3 — 3
33.55 ~ 35.55 ——— — — —— 4 4
: 35.55 - 37.55 — —_— — o o o
i 37.55 - 39.55 — —— — —— 1 1
Total number
of fish 2 11 33 18 5 69
Mean Length 11.75 17.34 22.64 28.32  34.84  23.72
1
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TABLE VI: 2b.
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Length Distribution of Age Groups for Thomas' Pond,

(Sexes combined).

Fork Length Age Groups Total
(em.) It 1Tt 111t
13.55 - 15.55 2 — — 2
15.55 - 17.55 — 3 —— 3
17.55 = 19.55 — 22 — 22
19.55 - 21.55 —— 19 26 45
21.55 - 23,55 ——e— 3 21 24
23.55 - 25,5% —_— —-—— 8 8
25.55 - 27.55 — — 1 1
Tm:i ?ilrsnzer 2 47 56 105
Mean Length 14.20 19.47 22.07 20.72
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Length Distribution of Age Groups
(Sexes combined).

for Big Bear Cave Pond,

Fork Length Age Groups
(cms.) 1t 11+ 1t vt vt Total

9.55 - 11.55 _— —_— — — — —
11.55 - 13.55 _— —— _— —_— — —
13,55 - 15.55 2 8 _— _— _— 10
15.55 - 17.55 - 44 —_— _— —— 44
17.55 - 19.55 - 22 3 —— — 25
19.55 - 21.55 —_— 3 1 — —— 4
21.55 - 23.55 — —— 6 — _— 6
23.55 ~ 25.55 - — 3 - — 3
25.55 - 27.55 S~ _— 11 —_— -_— 11
27.55 -~ 29.55 —— — 6 1 — 7
29.55 ~ 31.55 —_— —_—— 2 1 —— 3
31.55 - 33.55 — — — 6 — 6 “
33.55 -~ 35.55 _— —— — 1 1 2
35.55 - 37.55 — —— ——— ——— 1 1
Total number

of fish 2 77 32 9 2 122
Mean Length 14.60 17.32 25.37 31.73 34.90 20.60

i
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TABLE VI: 2d.
(Stream resident fish). Sexes combined.

Length Distributions of Age Groups for Indian River.

Age Groups

Fork Length
Total
(cms.) it 11+ 1zt vt
5.55 - 7.55 1 —— — —_— 1
7.55 - 9,55 3 — -— —_— 3
9.55 —= 11.55 _— 6 _— - 6
11.55 - 13.55 - 35 —_— ——— 35
13.55 - 15.55 _— 10 15 — 25
15.55 = 17.55 — —— 10 —— 10
17.55 - 19.55 —— ——— 10 1 11
19.55 -~ 21.55 —_— —— — —— ——
21.55 ~ 23,55 — ——— —— 4 4
Total number 4 51 35 5 95
of fish
Mean Length 8.05 12.89 16.24 21.72 14.30
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Sea Run fish.
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Length Distribution of Age Groups for Indian River
(Sexes combined).

gibis Ry MR ARSI APIS A e R ey s v e ey
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Fork Length
(cms.) 3t 4+ 5+ 6t Total
23.55 -« 25.55 1 —_— —_— —_— 1
25.55 - 27.55 1 1 —— — 2
27.55 - 29.55 ——— 2 —— — 2
29,55 - 31.55 ——— 4 ——— —— 4
31.55 -~ 33.55 —— —— 8 — 8
33.55 - 35.55 ——— — 1 ——— 1
35.55 - 37.55 —_—— —_— 1 —_— 1
37.55 - 39,55 —— —_—— — —_——— —
39.55 -~ 41,55 —_— —_—— — —_— —_—
41.55 - 43,55 — —— _— —_— —
43.55 -~ 45,55 - —_— —_— 1 1
Total number
of fish 2 7 10 1 20

Mean Length 25.30 29.61 33.09 44,10 31.65
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TABLE VI: 2f.

Length distribution of age groups for Berry Hill Pond
(sexes combined).

Fork Length Age Groups
(cm.) it 1t 11zt vt Total
9.55 - 11.55 1 — — — 1
11.55 - 13.55 —_— 6 _— — 6
13.55 - 15.55 _— 26 1 — 27
15,55 - 17.55 — 13 11 — 24
17.55 = 19.55 — — 12 — 12
19.55 - 21.55 _— _— 7 _— 7
21.55 - 23.55 — — 1 4 5
23.55 - 25.55 —— — —_— 1 1
25.55 - 27.55 —— — _— 1 1
Total number
of fish 1 45 32 6 84

Mean length 10.30 14.82 18.44 23.45 16.74
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TABLE VI: 2g.

(Sexes

Length distribution of Age Groups for Gander River.
combined).

A TR gy I Sy WSS IR SE RE Py g g

~ Fork Length _Age Groups_

(cms). 1+ It rirt vt Total
9.55 - 11.55 1 —— — ——— 1
11.55 - 13,55 1 4 R —— 5
13.55 -~ 15,55 — 11 —— ——— 11
15.55 - 17.55 —— 8 8 —-—— 6
17.55 - 19.55 —— ———— 12 —_— 12
19.55 - 21.55 —— ——— 11 —— 11
21.55 - 23.55 —— ——— 5 3 8
Total number

of fish 2 23 36 3 65
Mean Length 11.45 14,56 19.38 22,47 17.56

S
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TABLE VI: 2h. Length Distribution of Age Groups for Indian Bay Big
Pond. (Sexes combined).

RO NI e L .

g. Fork Length Age Groups Total
(cms.) 1t 1rrt vt vt vit
g ] 17.55 - 19.55 5 1 — — — 6
: 19.55 - 21.55 1 18 —— —— — 19
£
£ 21.55 - 23.55 — 26 2 —— — 28
2 23.55 - 25.55 — 14 3 —- — 17
g 25.55 - 27.55 —_ 2 8 —— — 10
g 27.55 - 29.55 —— — 6 —— — 6
= 29.55 - 31.55 — — 4 1 ——— 5
31.55 - 33,55 —— _— 1 3 — 4
33.55 - 35.55 — — —— 2 — 2
35.55 - 37.55 — — — 1 —— 1
37.55 - 39.55 _— — — 1 —— 1
39.55 - 41.55 —_— —— —— —— 1 1
J— {
- Total number 6 61 24 8 1 100
F of fish
Mean Length 18.89 22.34  27.32  34.06 40,10  24.55
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TABLE VI: 2i.

(Sexes combined).

Length Distribution of Age Groups for Stephen's Pond.
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Fork Length Age Groups
em) it 11t rrrt vt g+ roral
11.55 = 13.55 1 1 — — — 2
13.55 — 15.55 _— 4 — — _— 4
15.55 - 17.55 _— 19 9 — — 28
17.55 - 19.55 _— 4 32 — — 36
19.55 - 21.55 — —— 17 _— — 17
21.55 - 23.55 _— — 13 2 — 15
23.55 - 25.55 — ——— — —_— S 0
25.55 - 27.55 — —— _— 1 — 1
27.55 - 29.55 _— —_— —— — 1 1
TOtié ?Liugger 1 28 71 3 1 104
-
Mean Length 12.00 16.59 19.44 23.80  29.00 18.82
]

dyoe
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TABLE VI: 2j.

=126~

Length Distribution of Age Groups for Angle Pond.
(Sexes combined).

SRR s b A TIUINE PRI

Fork Length Age Groups

(em. ) 'l 1t 111" vt yt = Total
9.55 - 11.55 2 —_— — S — 2
11.55 - 13,55 3 —_ — — — 3
13.55 = 15.55 1 4 — —- _— 5
15.55 = 17.55 _— 4 — — — 4
17.55 - 19.55 —_— 11 1 — — 12
19.55 - 21.55 — 20 14 —— - 34
21,55 - 23.55 —_— 3 27 — —— 30
23.55 - 25.55 — _— 12 _— _— 12
25.55 = 27.55 _— — 3 ——— -— 3
27.55 - 29.55 _— _— —- 2 — 2
29.55 - 31.55 _— — — 1 - 1
31.55 - 33.55 ——— — — 1 1 2
Togefllff'z::ber 6 42 57 4 1 110
Mean Length 12,01 19.18  22.67 29.97  32.50 21.11
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in growth rate of mud trout from brook to pond to lake

Ricker (1932) considering the growth of Ontario trout, states,
"the maximum size to which a speckled trout attains is apparently correlated
with the size of the body of water in which it lives and more closely
perhaps with the presence of suitable large foods; i.e., fish or crayfish."
The absence of such food organisms of Ontario trout as suckers, minnows,
catfish, trout-perch, perch; and sculpins would suggest that the maximum
size attainable would be lower in Newfoundland waters. TFrost (1940)
suggests that probably a relatively slower growth rate occurs after the
first two or three years because of the lack of suitable large food

organisms such as forage fish, and this might cause the slower overall

growth rate.

Figure VI: 2a. shows an increasing growth rate from Indian River
(Iwenty-three Mile Brook), Gander River, Berry Hill Pond (25 acres),

Stephen's Pond (36 acres), to Angle Pond (90 acres).
Figure VI: 2b. shows the growth rates for the species in large

ponds, lakes, and the sea. Thomas' Pond ( 256 acres) shows a slower rate

than either Big Bear Cave Pond (1491 acres), Indian Bay Big Pond (2413 acres),

or Terra Nova Lake (6211 acres); the latter three areas showing the fastest
and somewvhat similar rates of growth. It is also noted that the growth of
sea-run trout takem at Indian River is perhaps not significantly greater
than those of the species found in our larger lakes. Generally, though,

the sea-run trout achieves a greater ultimate size than does its freshwater

COunterpart over the same life span.
The young sea trout and the trout destined to remain non-anadromous

usually have a similar freshwater growth rate. However, as Wwilder (1952)
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suggests, the greatest difference in growth rate occurs during that year
the young trout smolt migrates to sea. However, he suggests that in
successive years the growth rate may be no faster than the freshwater form.
White (1941) reports that in Nova Scotian waters sea trout gain as much as
3.7 cm, in 42-84 days at sea in their first exposure to the marine
environment, and he also states that younger fish make the greatest gains.
Because growth of the pre-smolt stage varies from habitat to habitat and
since recent authors (Cooper, 1961; and Larkin, Terpenning, and Parker,
1955) have suggested growth 1is a function of size and not age, the smolt
size is of prime importance in determining its growth potential in the sea.
The smolts usually descend during their second and third year, and for
Newfoundland and Nova Scotia the lengths at descent are very similar, 17.8 cm.
and 17.5 cm. respectively, thus if environmental conditions in the sea are
similar, we would expect similar growth rates which in fact we do find as
we shall see later.

The contrasting growth rates of the sea-run and non-anadromous trout
may be seen quite clearly in Figure VI: 2c, where growth is compared for
Indian River sea-run and stream~resident populations. (Meristics indicate
no genetic difference between the two populations and suggest the stream-
resident fish are a combination of sea-run parr and smolt and a resident
non-migratory adult stock). Ages IIIT and 1vt contrasted show sizes of

16.24 cm. and 21.72 cm. for the stream residents, and 25.30 cm. and 29.61 cm.

for the sea-run trout. The overall growth curves accentuate the difference

and if ve suppose these two groups to be genetically similar, the marked

change in growth rate is environmentally induced, i.e., perhaps due to

1"
increased quality and quantity of food, and the influence of the "gspace factor’.
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It has already been suggested that growth differences are probably
due to three broad factors, genetic, physiolcogical, and environmental, but
vhich of these is the most effective? If the sea~run trout and stream
trout discussed previously are of the same genetic stock, it would appear
that environmental facters are the dominating ones, and that they are able
to mask genetic influences to some extent.

To elucidate this problem somewhat Greene (1955) questioned whether
stunted speckled trout would grow. He states that many Wyoming streams are
populated with stunted trout, and the angler's popular conception is that
these stunted trout are inherently incapable of further growth. However,
when transferred to nearby reservoirs these trout in less than one year
shoved average growth incieases of 3.53 inches and 6.98 oz. It was found
that the younger fish grew most rapidly, the duration of the stunted condition
undoubtedly influencing the new growth potential. The reason given for
increased growth was increased space and alkalinity; no difference in food
supply was noted. ;

Rabe (1967) investigated growth differences in two lakes, and
suggested slow growth in one lake was a combination of water quality (pH),

duration of the growing season, food supply, and population density. Both

lakes were similar in size and depth. Transplantation of the trout from

the densely porulated lake to the sparsely populated lake resulted in mean -
increases in growth of 2.1 inches and 6.2 oz. at the end of a seven week '
Period. At the end of one year the transplanted trout were about 1 pound

heavier and six inches longer than the control fish in the original lake.

Rabe Suggests decreased population density as the main reasom. L
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Is the slow growth of speckled trout in this Province's small
streams and rivers a local phenomenon or is it a general situation throughout
its range?

Numerous authors (Kendall and Dence, 1927; Greeley, 1934; Moore
et al., 1934; Hoover, 1939; Watts et al., 1942; Newell, 1956; Bridges,
1958; and Cooper, 1962) report that althcough speckled trout are common in
cany headwvater streams from Maine to Georgia, the populations are cften
characterized by an abundance of small fish with most individuals requiring
three or more years tc reach legal size (six inches).

Hoover (1939) states that such cold headwater streams are considered
by many as breeder streams, where large adults spawn, leave the zrea,
fingerlings grow, and recruitment is added to the adult stock. However,
Hoover suggests these "fingerlings" may be two or three years old, and he
suggests that since speckled trout are relatively short lived they may never
becore available to the angler at such a slow growth rate.

Hoover suggests low summer water temperature is probably the major
liniting factor. Hazzard (1932) has attributed slow growth in some New York
Streaws to low water temperature and also low rate of removal and highly
suitable spawning conditions. Hoover (1938) suggests these "short trout

Streams in New Hampshire have seemingly suitable summer temperatures, but

are seriously lacking in food. Cooper et al. (1962) shows that the slow

growth in such streams may nct be caused entirely by competition for food and

Space; a severe reduction in numbers did not result in subsequent substantial
Iicrease in growth rate.

: i re
hoover (1939) states that many of the trout in these streams a

deep bodied and suggests growth may nct be critically slowed by lack of food.




He suggests probably as much food is taken in as can be utilized at the
prevailing low water temperatures. Since the food supply is supplemented
by terrestrial insects (similar at Indian River), it seems to Hoover that
slov growth is due mainly to low temperatures.

Moore et al. (1934) reports on such a "short trout" stream with
suitable water temperatures and food conditions and suggests inherited
tendencies toward stunting are possibly important. However, Hoover (1938)
suggests that it is unlikely that all such streams could be populated by a
dvarfed race. The importance of such streams in management is obvious if
the slov growth is not genetically but environmentally controlled as
witnessed by the work of Greene (1955).

The work of Hoover (1938, 1939) and Hunt and Brynildsom (1964)
has shown that recruitment from such streams is low, and any recruitment
is due to migration of larger (not necessarily older) trout in a reaction
against limited space and water area of headwater streams.

The situation at Twenty-~three Mile Brook, a headwater tributary of
Indian River may be that of a true breeder stream, with a resident
Population of slow growing individuals. This is substantiated by the
meristic similarity and by the fact that relatively few fingerlings or fry
have been taker during electrofishing operations on the main river
(Fisheries biologist, C. Sturge, pers. comm.).

The situation on the South-West branch of the Upper Gander River

is not known; pcssibly it parallels the situation at Indian River, or the

Population may be strictly a resident one.

ke has
The general increase in growth rate from stream to pond to la

. i e large
generally been correlated with an increase in the number of suitabl g
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food organisms such as ferage fish, etc.

Generally, smaller ponds are more productive overall than the

larger deeper lakes, therefore we would expect larger populaticn densities as

is usually the case. However, since trout usually change their ecological

niche with increasing size, a change in diet would be expected, and the

unavailatility of these larger food items results in a sharp decrease in

growth rate rather than a. slower gradual decrease.

Table 2 Appendix II shows the calculated yearly increments in length

fcr sexes combined. It will be noted that in the larger ponds and lakes the

increments in later years of life are not only larger but decline relatively

slowly.
An analysis of the fcod of speckled trout (which will be dealt with

later in more detail) indicates that generally trout taken from the more

productive smaller bodies of water have a greater quantity and variety of
focd items; however quantity of food in the stomach alone may not bear a

direct relationship with growth rate since as Brown (1946) suggests

raintenance requirements vary, and growth depends on the amount of food which

can be utilized above maintenance requirements.

Since trout may alter their potential to attain tec an ultimate size

throughk changes in feeding habits, beyond a certain age food quality

Undoubtedly becomes more significant than quantity. Trout which are able to

make this change (usually gradual) are usually those which reach larger sizes,

while these trout because of environmental deficiencies are unable to change

their niche, show a continuing decline in growth.

Larkin, Terpenning, end Parker (1956) show that rainbow trout
th rate over those

inhabiting lakes with other fishes show an increased grow
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rainbow iiving in lakes where they are the only fish present. They suggest

that in lakes where only the trout are present, growth rate is largely geared

to the size of the peopulaticn in relation to the level of lake preductivity

and appears to be regularly related to the age of the trcut. However, in

lakes with other fish species, the decline in growth with age and size is

not unifcrm, suggesting that at certain ages or sizes, a change in trout -

cther species relaticnships results in a change in growth rate. They suggest

it is due to the fact that the rainbow becomes piscivorous, which is related

to size.

Greely (1927), Nurnberger (1930), Munro and Clemens (1937, Larkin,
Terpenning, and Farker, (1956); ard Crossman (1959¢) suggest that presence cf

fcrage fish reduces the growth rate of young salmonids because of competition

but increases the growth rate of larger individuals.

Larkin et al. (1950) suggests that the slow transition from plankton

feeding in young stages to a mixed diet of pelagic and benthic fauna and

surface insects for larger fish is not sufficient an ecological change to

alter their growth relationships. Thus the presence of forage fish and large

food items is necessary if the fish is to embark on a new growth relaticnship,

0r to have a "new lease on life'.

It does not seem surprising that there is no sharp inflection point
and Larkin et al.

irdicatirng a threshold size for entering a new growth phase.
it may be reached

(1956) suggest that if a threshold size does indeed exist,

Part way through the growing season, and besides the change over to a

Piscivorous diet usually takes place gradually.

(b)_Lop Regression Age-Length Relationship
and to obtain a mathematical expression

For easier graphical comparison
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for growth in length the age-length data were transformed to the log

regression form:
log L = n log A + log a, which is the logarithmic form of the
expenential L = aA®.
The expression L = aA" has yielded expcnential values of approximately
0.5 - 0.7, therefore speckled trout exhibit growth as wculd be expected,
that is in the simplest terms L « A2/3, Table 4, Appendix II shows
both the calculated logarithmic and exponential forms with the corresponding
standard errcrs of estimate calculated after Hoel (1965). Relationships
are calculated for both sexes separated and combined.
The only other published data of this form were that of Allen (1956)
whe gave L = 6.775 A'715l as the expression of growth in a Wyoming beaver 3
pond; this expression agrees quite well with expressicns derived in this
study.
Table 3 Appendix II lists the calculated age-length data for both
sexes separated and combined; the data are for all areas studied.
The calculated data for sexes combined are presented graphically in

Figures VI: 3(a-b). The resulting straight line plots of the logarithmic

regressions are of particular comparative value, more so than the empirical

dge~length plots of Figures VI: 2(a-b).

Because cf the comparison value of the straight line plot, it was

felt that this presentation would best illustrate differences in growth

between the sexes,

The data for sexes separated from Table 3, Appendix II are

Presented graphically in Figures VI: 4(a—d). In only two instances are clear

cut differences in growth between males and females exhibited. Females of
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Indian River sea-trout are larger than males over all ages, however the

small sample size does not permit any definite conclusion. Male trout in

Big Bear Cave Pond were found to be consistently larger than females at all

ages sampled, and the sample size seems adequate. 1In all other areas but

one (Stephen's Pond), males appear to be growing faster in later years

following an initial period when females grew faster.

Hoover (1939) states that for several New Hampshire streams

"according to conventional methods of growth calculation, male brook trout
grow slightly more rapidly than the females.'" However, differential growth

between the sexes was rather slight with a maximum mean difference of one

centimeter,
Allen (1956) states that there appeared to be no appreciable

difference in growth between males and females in a Wyoming beaver pond;
however, his data show slight differences (less than 1 cm.) favoring males.

Cooper et al. (1962) in discussing Pennsylvania streams suggested males grew

faster than females though the differences were quite small. However, he

considered there would be little bias in combining sexes for growth studies.

McFadden (1961) states that in Lawrence Creek, Wisconsin the average

length of male speckled trout of age groups 0, I, and II exceed that of
females. Electrofishing yielded a mean length of 4 .45 inches for males and
4.10 inches for females; the difference was significant at a probability

es showed males to be significantly

level of 0.01. Similarly, anglers catch
54 per cent of the anglers catch were males and

larger. He suggests that
the observed difference was real.

Since angling selects faster growing fish,
e occurs during the first

McFadden suggests that the data infers the differenc
However,

ten months of life, and thereafter both sexes grew at the same rate.
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because of selective sampling by angling he suggests the difference between
males and females increases with age.

This may then explain why only at Stephen's Pond were females larger
than males at older ages as heavy angling probably cropped the faster growing

males. The sex ratio also indicates this possibility with 61 per cent

females.

Angle Pond, where angling intensity is also high, shows males growing
faster throughout except at the older ages where there is little difference.

Here again selective cropping of faster growing males may be the reason as

the sex ratio favors females 62:48.

It is of particular interest to note that in areas where angling is
light, the differences favoring males are more pronounced (Indian Bay Big Pond,

Big Bear Cave Pond, Berry Hill Pond, and Indian River).

{c) Comparison of Growth with Other North American Localities

Frost (1940) suggests that because of the unavailability of larger

foods large trout would not be expected to be found in Newfoundland; a

relatively slow growth rate should be general, especially after two or three

years,

Scott and Crossman (1964) in comparing growth rates state that trout
in the Moser River, Nova Scotia, grew more slowly than Newfoundland trout in

the early years but exceeded them in the later years. However, growth in

] t
some small Nova Scotia brooks was found to be slower than that for Oliver's

St. George (Newfoundland)

Brook (Newfoundland). They also report growth in Lake

i e
to be good in early years but slower at older ages and compared with th -
trout A
Nova Scotia data indicates the relative abundance of food for younger i

but the scarcity for older fish.
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In order to make the comparison of data between Newfoundland waters

and those of the rest of North America valid, it was decided to compare the

growth rates of trout from similar habitats. The habitat type was divided

into three divisions: (1) streams, creeks, small rivers, and small ponds;

(2) medium sized ponds (not greater than 1000 acres); and (3) large ponds

and lakes (greater than 1000 acres).

Tables VI: 3(a—c) give the age length data for various North American

localities, and the data are presented graphically in Figures VI: 5(a-c).
Figure VI: 5a indicates that speckled trout in streams, rivers, and

small ponds, etc., are growing as well if not better in Newfoundland waters

than in various mainland waters of comparable size. The data from Twenty-

three Mile Brook (Indian River), South-west Gander River tributaries, and

Berry Hill Pond were combined for calculation of growth in Newfoundland

waters,

Figure VI: Sb., shows growth for Ontario, Saskatchewan, Wisconsin,

and Newfoundland. It appears that growth in medium sized ponds is relatively

good at early ages for Newfoundland but growth tapers off in later years

and is behind that of the other areas. This is again indicative of the lack

of suitable large food organisms. The Newfoundland data were compiled from

Stephen's Pond, Angle Pond, and Thomas' Pond.
s are given in

The comparative growth rates in large ponds and lake

Figure VI: Sc, and indicate growth in Newfoundland is perhaps only better

the data from Saskatchewan is based on only

than in Saskatchewan. However,
e has decreased somewhat

°ne lake and Rawson (1940) states that the growth rat
d data may be biased somewhat

from the time of first planting. The Newfoundlan

lightly fished Indian Bay Area. Other areas included are Big Be
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TABLE VI: 3a. Comparison of growth rates of speckled trout from streams,
rivers, creeks, and small ponds for five different North
American localities,

Age FORK LENGTH (CM.)

(Years) New Michigan Wyoming Nova Scotia Nfld.

Hampshire (Shetter & (Allen, (Wilder, (This
(Hoover,1939) Leonard, 1943) 1956) 1952) thesis)

'l 7.3 6.7 10.9 10.4 9.9

1t 9.9 11.2 15.0 14.5 14.1

1t 12.4 15.3 18.6 17.2 18.0

wt 16.6 — _— 20.2 22.5

Vad — —_—— — 28.1 ——

TABLE VI: 3b. Comparison of growth rates of speckled trout from ponds
(not greater than 1000 acres) for four different North'

American localities.

FORK LENGTH (CM.)
Age
o (Years) Wisconsin Ontario Saskatchewan Nfld.
e (McFadden,1961)  (Ricker, 1932)  (Rawson,1940) (This thesis)
¥ 6.5 12.7
o I 16.9 12.9 . .
| 154 21.3 18.5 15.6 18.4
SRR i &6 27.0 26.5 22.1 21.4
Al 31.5 35.2 28.2 26.9
v — — 33.8 30.8
vI* — — 37.8 —

A
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Comparison of growth rates of speckled trout from large

ponds, lakes (greater than 1000 acres) and sea run for

six different North American localities.

FORK LENGTH (CM.)
Age Maine Nfld. Sask. Man. Utah N.S. Nfld.
(Years) (Havey, (This (Rawson (Doan (Hazzard, (sea-run (This
1961) thesis) 1940) 1948) 1935) Wwilder, thesis)
1952)
it _— 13.2 6.5 20.3 10.3 — _—
Tt 23.3 17.9 15.0 26.7 18.7 20.7 —
1t 30.0 23.5 21.6 36.5 23.8 25.4 25.3
wt 36.6 29.1 26.7 43.3 29.0 28.1 29.6
vt 43.1 34.4 30.3 49.6 —_ 34.2 33.1
vit 47.1 39.8 34.3 53.1 — 40.4 44.1
vitt ——- 45.6 36.8 — — - e
virrt —— 48.5 N —_—— —_— —— ——
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Indian Bay Big Pond, and Terra Nova Lake.
Figure VI: S5c. also compares the growth of Wilder's (1952) Moser

River (Nova Scotia) sea-trout and those of Indian River. The growth pattern

of these two populations is remarkably similar and this is not unusual when

we recall that the smolt of both areas are approximately the same size and

growth is a function of size., However, it must be kept in mind that the

Indian River sample is small.

2. Relative Growth

Relative growth is usually defined as percentage growth in which

the increase in growth in each time interval is expressed as a percentage

of the growth at the beginning of the time interval.

The greatest difference between relative and absolute growth comes

in early life since slow growth of old age differs little with regard to

method of approach. The absolute growth, as we have seen, takes the form of

a sigmoid curve; relative growth on the other hand is most rapid in early

life and declines constantly thereafter.

Instantaneous growth rates were calculated by converting the mean
length of fish of a given age to the natural logarithm and using the formula:

G = loge Lt - loge Lo

where G is instantaneous growth rate

Lt is the length at the end of age t

and Lo is the initial length.
has found wide use in fishery

The use of instantaneous growth rates
owth is not positively exponential

biclogy, although it is recognized that gr
Therefore instancaneous growth

throughout the fish's life (Ricker, 1958).

. i th
ideally should be used for comparatively short segments of the entire grow
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Generally however, most growth studies are based on length

history.
differences on an annual basis because of the use of the scale method of

age determination.

The annual instantaneous growth rates for speckled trout in

VYewfoundland are given in Table VI: 4. Growth rates are calculated both

from expirical data (Ga) and from calculated length data (Gc).

Generally, the growth trend is one of decreasing growth rate

throughout the period of the fish's life span. The rate of decline of growth

rate also shows a decrease with age. This is in general agreement with the

suggestions of Minot (1890).
It is noteworthy that the highest relative growth in all cases is

during the first year of life (age 0 to age I). It is also of particular

interest that the rate of decline of growth rate with increased age is less

in larger bodies of water. This is seen more readily when considering Gc.

Larkin, Terpenning, and Parker (1956) suggest the use of size-specific

instantaneous growth rates for comparisons, suggesting there is a close

relationship between size and growth rate. They suggest direct comparison ‘
i

of rates for fish of the same age is only valid when fish of comparable length

are used; otherwise, differences in rate will not only reflect differences

In size, but also the size in relation to the ecology of the body of water.
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Specific growth rates of speckled trout from various

TABLE VI: 4.
localities in Newfoundland. (Ga calculated from actual
increments and Gc from calculated increments.)

Specific Growth rate
Years Indian River (Stream) Gander River Berry Hill Pond
Ga Ge Ga Ge Ga Gc
0-1I 2.08 2.07 2.44 2.41  2.33 2.31
’ I-1I 47 .48 .24 .34 .36 .40
; II - III .23 .28 .28 .20 .22 24
g III - IV .29 .20 .15 .13 .24 .17
¥
g Stephen's Pond Angle Pond Thomas' Pond
g Ga Gec Ga Ge Ga Ge
..% 0-1I 2.49 2.45 2.48 2.49 2.65 2.66
&
% I-1II .32 .37 47 .43 .32 .28
§ -1 .16 .21 .17 .25 .13 .16
III - 1V .20 .15 .28 .18 —-—— .12
v-v .20 .12 .08 .14 - .09
Big Bear Cave Pond Indian Bay Big Pond Terra Nova Lake
Ga Gc Ga Ge Ga Ge
0-1 2.68 2.60 — 2.41  2.47 2.43
I-11 .17 .40 — .48 .38 .46
Il - 111 .38 .24 .17 .28 .27 .27
I - 1y 22 .16 .20 .20 .22 .19 ;
W-v .10 .13 .22 .15 .21 -15
V~vI e N .16 -13 - -
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C. Growth in Weight

Growth studies of many animals have often been undertaken on a basis
of gain in weight, for the simple reason that since growth is manifested as
an increase in size it is best measured in terms of volume or weight. Growth
studies based on weight have obvious advantages in production studies.
However, as we have already seen, most studies of piscine growth utilize
length as the dimension under consideration, as it has been shown that the
relationship of length to weight holds fairly comstant for a species.

Cooper (1961) however suggests that both length and weight are
usually used in critical studies.

Weight of fishes may be considered a function of length and the exact
nature of this relationship will be seen when the length-weight relationship
is considered.

Growth in weight is unique in that it is not always positive.

Cooper (1961) states that speckled trout commonly lose weight (negative

growth rate) during many of the winter months. McFadden (1961) suggests that
superimposed on the theoretical curve of decline of growth in weight with
The

increased age are seasonal fluctuations of positive and negative growth.

negative growth occurs in winter and the greatest loss occurs with the more

extreme seasonal climatic variatioms.

The empirical age-weight whole data for sexes separated and combined

are given in Table 5 Appendix II, and the data for sexes combined are

presented graphically in Figures VI: 6 (a-b).

As with growth in length, growth in weight exemplifies the direct

relationship of growth rate with habitat area.
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For easier graphical comparison and for an expression of growth in
weight, the data were transformed to the log regression form and the
calculated relationships for sexes separated and combined are given in

Table 6 Appendix II, with the corresponding standard errors of estimate.

Calculated whole weights were derived from the age-weight relationship and

are given in Table 7 Appendix II, and are presented graphically for sexes

combined in Figures VI: 7 (a-b).
The log regression transformations were of the form:

log W = n log A + log a, which is from the exponential: W = a AU,

The values of the exponent n are given in Table 6 Appendix II and

range from approximately 1.4 - 2.4, with an approximate mean value of 2.

This implies that in simplest terms, approximately, W « A%, This is as

would be expected since approximately W « L3 and L = A%2/3; substituting

yields W « A2,
To remove the influence of seasonal variation in gonad weight,

visceral fat content, and stomach contents, growth was described in terms

of gutted weight, with the data on age-weight gutted given in Table 8
Appendix II. The data for sexes combined are illustrated graphically in

Figures VI: 8 (a-b). Relative differences in growth based on whole and
» growth rate

gutted weight are not apparent and significant differences in
y by relative differences

between areas are not thought to be influenced undul

in gonad weight, fat content, or stomach contents.

The age-weight gutted data were also transformed to the log
9 Appendix II

regression form, and calculated gutted weights given in Table
-b) for sexes combined.

are presented graphically in Figures VI: 9 (a
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Calculated age-weight gutted relationships for sexes separated and
combined are given in Table 10 Appendix II, with corresponding standard
errors of estimate.

To compare growth in weight between sexes, the calculated whole
weights for sexes separated given in Table 7 Appendix II were used. Figures
VI: 10 (a - ¢) show that males generally have a somewhat faster growth rate,
at least in later years. It is noted that in both Big Bear Cave Pond and
Angle Pond males are growing faster throughout the life span. Only Stephens'
Pond shows females growing faster than males in later years and as already
stated, this is probably due to differential angling mortality of faster

growing males.

D. length-Weight Relationship

1, General Considerations

The mathematical relationship between length and weight of fishes has
been attempted with more or less success as to the approximate fitting of
calculated and empirical values ever since Spencer's (1871) statement of
the cube law. Most of the early attempts were simply expansions of Spencer's
proposition and assumed both specific gravity and form remained constant
throughout life. If this assumption was true, it follows that weight would
be proportional to the cube of the length, giving:

i ionality.
we 13 or W=a Ll , where a 1s a constant of proporti vy

However as form and specific gravity do not remain constant throughout
life, the cube law does not hold. A more satisfactory expression of the

relationship is: W = aL® or expressed logarithmically:

Log W =n log L + log a, where a and n are empirical constants

alue
determined by computation following Rounsefell and Everhart (1953). The v
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of n usually lies between 2.5 and 4.0 (Hile, 1936 and Martin, 1949). For
an ideal fish maintaining the same form n = 3, and this has only occasionally
been observed (Allen, 1938).

The value of n not only rarely equals 3 but it has been found that
the value of n may vary for fish from different localities, of different sexes,
and of different growth stanzas; howevef, it is often constant for fish
similar in these respects. Le Cren (1951) suggests the length-weight relation-
ship may thus be a way of differentiating small taxonomic units, like any
other morphometric relationship.

Therefore, the length-weight relationship besides providing a means of
calculating weight from length, and a direct way of converting logarithmic
growth rates calculated for lengths into growth rates based on weight may also

give indications of taxonomic differences and events in the life history such

as the onset of sexual maturity.
It is important however that the data should not have been subjected

to any selection for weight against length. For example, gill nets may select

the fatter among short trout or the thinner among long trout, and thereby lower

the value of n even though the means of length and weight may be unaffected

(Le Cren, 1951).

In fishery biology the presentation of length-weight data has become

stereotyped so that confused thinking on its aims, methods employed, and

results have resulted (Le Crenm, 1951). Le Cren points out that the analysis

of length-weight data has been directed towards two rather different ends.

First, it has been used to describe mathematically the relationship and to

make it possible to convert length data into weight data. Secondly, it has

. ish
been used to describe the variation from the expected weight for length of fis

s indication of condition, or degree of robustness, etc.
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In this study the term length-weight relationship is applied

strictly to the first category, and the term condition is applied to the

second category and is discussed separately.

The length-weight relationship was calculated by arranging the fork

length data into 2.0 cm. intervals and calculating the mean whole weight in

The log regression was calculated for the variables

The empirical

length-weight whole data are shown in Table 11 Appendix II.

Table 12 Appendix II lists the calculated length-weight whole

relationships for sexes separated and combined, and the corresponding standard

errors of estimate.
The values of the exponent n range from approximately 2.5 to 3.3.

These compare with those found by Cooper (1961) who reported a range from
2.63 to 3.37. Cooper and Benson (1951) report an n value of 2.94 for Pigeon
River, Michigan and Allen (1956) gives 3.1l as the exponent for a population

of a Wyoming beaver pond. These values indicate that the cube law relationship

does not strictly hold true.
Table 13 Appendix II gives the calculated who<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>