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Edwin L. Cooper

During the month of Auguét, 16%9, one thousand wild brook trout
were seined from the headwaters of Hunt Creek for a marking expériment.r
These fish were ell assumed to be young of the yeaf, sorted on a basisr
of’size, and for the purposes of this study are assuﬁed to have been
born during the month of Januvary, 1939. These fish were individually
measured as to total length and an averagéyweight obtained byrweighing
the entiré lot. At periodic intervals subseguent to the release of these
fish in the same portion of the stream intensive seining was conducted
with the purpose of recovering marked fish. Ilost of the recoveriss
raesulted in this manver, but a few were caught by hook and line fisher-
men, At the time of recapture, the total length was recorded and a
scale sample taken, This present study is based on the 175 fish re=
covered over a period of L6 months after release of the marked fish,.

The scales were cleaned and mounted in glycerin-gelatin medium,
Age determinations and scale measurements were made using a scale pro-

Jection machine. The magnification used was 90,7 diameters.
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Body-scale relationship

One of the premises upon which the scale method is based is that the
scales grow in some measurable proportion to the growth in length of +the
fishe It is recognized that certain comparable_scales, usually designated
as "key-scales" should be selected and that these scales should be taken
from the same position on each fish. Due to the obvious difficulty of
designating "key-scales" to be used in brook trout, a comparison of the
scales taken in the normal sampling method was attempted. These are usual-
ly obtained from the left side of the fish anterior to the dorsal fin and
between the median dorsal line and the lateral line. This comparison was
‘not at all successful, scales from this region of the seme fish differing
in their measurements as much as 65%. Belding (193L) working with the
parr of Atlantic salmon in Canadian rivers was able to use successfully
both the anterior scale radius and anterior-posterior diameter of the
scale in computing previous growth history. The scales were obtained
from rmch the same area as in our study but the average measurements of
10 scales were used in the compubtations. Similar results might be ob=
tained for brook trout using a restricted area for sampling end a large

number of scales from each fishe.

Scale growth and annulus formetion

The scales of brook trout are minute thin plates of a hyaline sub-
gtance, the outer surface of which is covered by fine concentric ridges
or circuli., The scales are cycloid in charscter with the anterior-
posterior dimension being usually greater than the dorsocaventral dimension.
The anterior two-thirds of the scale 1s imbedded in a pocket in the skin
and, as compared with the posterior portion, shows more distinctly the
circuli or ridges on the surface of the scale., The character and appsar-

ance of the circull of the scales of most species of fish have been used



by most workers as the indices for age determination. The characters

most often uséd to identify the year marks are the following: (1) cut-
ting-over or crossing-over of circuli, (2) incompleteness or discontinuity
of eirculi, and (3) relative approximation of successive circuli. The
value of these three cheracters in age determinations of brook trout are
summarized below.

(1) Cutting-over of circuli does not appear to be very helpful in age
determinations of brook trout. The successive cutting-over of two, three,
four or more circuli that is so apparent in many centrarchid scales has
not besn observed in brook trout. Annuli may be accompanied by a eressing
over of one ecirculus, but this eommonly occurs alsoc in other parts of the
scale not assoeiated with en annulus,

(2) Incompleteness or discontinuity of circuli is often apparent and
is usually associated with the formation of an annulus., The eirculi may
even be complete in this area, but are very indistinet, thiﬁ lines or weaka-
ly calcified ridges, markédl& different from the heavy lines or circuli of
rapid growth,.

(3) Relative approximation of successive circuli is perhaps the best
character upon which age determinations may be based. The wariability
with which this appears determines the degreé of aceuracy with whieh age
determinetions mey be made. In some loealities the circuli formed in sume
mer are 2 or % times as far apart as the winter circuli, thus forming case
ily recognized bands of summer and winter growth., In other localities
there is no abrupt change in the rate of scale growth and it is very dif-
fieult to distinguish any areas on the scale thét could be interpreted as
winter and summer growth. When this occurs, the discontinuity or incom-
pleteness of eirculi is also usually lacking, thus rendering age determi-

nations doubtful,
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Age determination of brook trout by the scale method depends primarily
on the characteristic formation of the circuli. It would be highly desir=-
able therefore to obtain more srecise information concerning the factoré
responsible for or influencing the formation of these circuli. This for-
mation of the circulus may be resolved to two factors acting simultaneously
(1) the effect of an increment of scale growth on the deposition of a
circulus and (2) the effect of a time element on the deposition of a cir-
culus. The reasons for this assumption are as follows.

Plotting the number of circuli on the scale against the total length
of the fish indicates a considerable degree of correlation.V From this
it would sppear that as the scale grows in proportion to the length of
the fish, the circuli are deposited on the scale as a result of some incre-
ment of growth. iore circuli are usually laid down in late spring and
summer when the majority of scale growth occurs than in the fall, winter,
and early spring when scale growth is at a minimum. If the increment of

scale growth was the only factor responsible for the deposition of circuli,

o

{

the spacing of the circuli should be sguidistant from each cther. However,
in most cases there is comsiderable variation in spacing of the circuli.
This variability in spacing of the circull indicates that there is also a
time element involved in the deposition of circuli. If the time element
was the only factor 1lnvolved, there should be more circuli formed between
October =nd lay than between June and September. This is anot generally
true, Therefore, it seems logical to assume that circulus formation is
a result of the interaction of both an increment of scale growth and an
interval of time.

The relationship between wody growth and scale growth is most essenw
tial to continued studies of age determination in the brook trout as is

information relating to the factors influencing body growth such as Temw-

Q/Figure 1.
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Relationship between total length of fish and average number of
eirculi on scales of known-age brook trout in Hunt Creek.
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dots represent averages and vertical lines represent ranges of

10-m.ms length groups.
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perature, food and possibly the chemical composition of the water,

Time of annulus formation

In Hunt Creek in the spring‘of 1040 the annulus formed on the brook
trout collected sometime between April 2 and July 2. Samples taken on
the first date showed two or three closely approximated circuli on the
outer edge of the scale, typical of winter growth. Samples taken on July
2 exhibited 3-5 widely spaced circuli outside the two or three closely
spaced ones, typical of fast summer growth. In 1641 more samples during
the critical months were obtained. On April 23, 2L, and 27 samples
indicated no fa#t marginal growth. In samples taken on lay 22 frbm none
to three widely spaced marginal circuli appeared and in samples of June
28 from two to five widely spaced marginal circuli were seen. From these
somewhat meagre data we may tentatively conclude that the ammulus is
formed during the latter part of lay or early Juns. Further observations
on the 'scales through the fall, winter, and early spring months revealed
that very little scale growth occurs during this time., Thus the effective
growing season in Hunt Creek is limited %o little more than three months
of the year. This has been substantiated by compering the average lengths
of samples of fish taken during different months. Average lengths show
marked increments of growth during the period of liay to August with little

&

change during the remainder of the year.,

Age group composition of recoveries
The known age group composition of the fish at the time of recapture
wss as follows: 76 fish were collected during their second year of life,
85 in their third year, 12 in their fourth yearn snd 2 in their fifth year.
For the most part these figures represent comparable recoveries based on

squal amounts of collecting effort, though the catchability of different

& Figure 2.
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Figure 2, Average rate of growth of known-age brook trout in Hunt Creek,
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age groups probably is not the same. However these figures might possibly
be used as a rough estimate of age group composition of the population

present,

. Validity of age determinations
Based on the present study, it is estimated that 80 to 90 percent
of the fish in age groups I and II can be aged correctly. Of the 11 indi=-
viduals studied in age group III, seven were recovered before the formation
of the third annulus but showed two characteristic annuli and a summer and
winters growth outside the second ammulus., Of the remaining four indi-
viduals in age group III only two exhibited three definite annuli, In
age group IV neither of the two individuals exnibited four annuli definite
enough for age determination. It is concluded from this study that age
determinations past the formation of three annuli is highly doubtful in
these waters. It should be emphasized, however, that other bodies of weter
with different conditions might produce fish with scales that are readily
aged throughout the life of the fish,
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