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INTRODUCTION

“Salter” or sea-run brook trout' have long excited the imagination
and curiosity of both the biologist and the angler. Presumably one of
their most desirable characteristics as game fish is that they are larger
than the average native brook trout, having access to the almost un-
limited food supply of the ocean. Undoubtedly, too, the air of mystery
surrounding these fish, particularly their comings and goings, has con-
tributed to their allurement.

Bigelow and Welsh (1925), as well as local folk history, allude to the
fact that anadromous brook trout were formerly common in most of
the rivers and streams of Cape Cod and elsewhere along the New Eng-
land Coast. Supposedly, “salters” migrated upstream in May and June
with the alewives, spent the summer in the cooler fresh water, and
spawned in the fall, following which they again returned to the sea.
However, the Lterature is conspicuously short of factual information
on any of the foregoing points.

In 1949 the Mashpee River was Delieved to be one of the last sources
of this desirable game fish in Massachusetts. For over a hundred years
it had been noted for its “salter” and native brook trout fishing. Since
the river had been privately owned and the fishing carefully controlled
for over fifty years, the stream was believed to be little altered [rom its
original state. However, it was [elt that a steady decline in the catch
of “salter” trout had occurred over the preceding twenty years almost
to the point where they represented a disappearing stock.

On the other hand, it was known that there remained a rather large
population of native brook trout in the Mashpee River. These fish,
although very numerous, were for the most part small individuals, eight
inches or less in length. It was felt that overstocking the river with
hatchery-reared brook trout would result in a condition of overcrowding
which would force the population of small native trout out to sea and
they would thereby assume the anadromous habit.

The following report covers the testing ol the foregoing hypothesis
formulated in 1949, followed Dby investigational activities relative to
“salters” on both the Mashpee River and four other Cape Cod coastal
streams throngh 1956.

STREAM DESCRIPTIONS
Mashpee River

This is a small river or large brook with a length of about four miles.
Its source is the Mashpee-Wakeby Ponds, a stratified cold-water pond
system of 729 acres. The stream is supplemented by numerous springs
along its course. It empties into Poponesset Bay, part of Nantucket
Sound, on the south shore of Cape Cod. Abont one mile of its lower
reaches is tidal or under tidal influence. Only rarely do summertime
water temperatures exceed 70" Fahrenheit. This stream is perhaps one

1 Common names of fish are those adopted by the American Fisheries Society (1948); Eastern
brook trout (Salvelinus fontinalis), hrown trout (Salmo trutte), rainhow trout (Salmo geirdnerii),
alewife (Pomolobus pseudo-harengus), mummichogs (Fundulus sp.), killifish (Fundulus diaphanus),
eel (Anquille bostoniensis), sea lamprey (Petromyson marinus), ninespine stickleback (FPungitins
pungitins), fourspine stickleback (Apeltes quadracus), chain pickerel (Iisor wniger), and white
sucker (Catostomus commersonnii),
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of the finest natural brook trout streams in the state as reflected in both
suitable temperatures and an abundance of naturally-spawned brook
trout. Alewives ascend this stream in vast numbers in the spring to
spawn in the Mashpee-Wakeby Ponds. Other fairly common fishes to
this stream include mummichogs, eels, lampreys, sticklebacks, and killi-
fish. Occasionally, various warm water species indigenous to the head-
water ponds are found in the stream, such as the white sucker or chain
pickerel. In contrast to many CGape Cod streams that are canaliculated
lor cranberry culture, the Mashpee River is relatively free of such devel-
opment, having only three bogs located along its upper reaches. Apart
from the bog and tidal marsh areas, this stream and the streams subse-
quently described flow through typical Cape Cod terrain of scrub oak
and pine vegetation, sandy porous soils, and an undulating topography
with few elevations exceeding fifty [eet.
Santwit River
This stream empties into Poponesset Bay about two miles to the east
ol the Mashpee River. It originates about two miles [rom its mouth
in Santuit Pond, which is a warm water pond ol 172 acres in area. The
upper reaches often suffer from a lack of water and are dissected by cran-
berry bogs. Springs augment the flow to a significant extent in the lower
reaches, which are mostly tidal. The species complex ol fishes in this
and the following streams is similar to that of the Mashpee River.
Marstons Mills River
This stream empties into the Oyster Harbor Bay area approximately
five miles to the east of the Mashpee River and Poponesset Bay. These
two estuary systems, Oyster Harbor and Poponesset Bay, are only con-
nected via Nantucket Sound. The Marstons Mills River has a length
ol approximately one and three-quarters wiles. The tidal portion of
the stream is limited. Cranberry bogs are comumon along its course and
there is a mill pond of perhaps seven or eight acres located in the lower
reaches. Springs constitute its main source of water. The few dams
present are not effective in preventing fish migration over the full length
of the stream. The stream supports a fairly large alewife run. It is
best characterized as an excellent small brook trout stream having both
favorable spawning sites and temperatures for this species.
Quashnet River
The Quashnet River enters Waquoit Bay, which is located about five
miles to the southwest of Poponesset Bay on the south shore. The
stream has a length of approximately three miles and is tidal for about
one-half of its length. Its source is a spring-fed cedar swamp, and is
augmented throughout its length by additional springs. Consequently,
even though the stream is not wellshaded, summertime temperatures
rarely exceed 70" Fahrenheit. The upper part of the river in the bog
areas has a hard sand bottom, which suffices as spawning areas for brook
trout.
Scorton Creek
This is a large network of streams running through the Sandwich
salt marshes located on the north shore of Cape Cod (Figures 1 and 2).
Most of this system is brackish and tidal except in the headwaters of
the tributaries. There it consists of small spring-fed streams with hard
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Figure 2. Headwater area of Scorton Creek, a lurge
network of streams running through the Sandwich salt
marshes located on the north shore of Cape Cod.

sand bottomns that are excellent breeding areas for trout. Scorton Creek
as referred to in this study is a misnemer. Actually, Scorton Creek was
only studied through the work carried on in Mill Creek, a tributary
(Figure 2). Mill Creek’s source is the East Sandwich State Fish
Hatchery, atter which it flows for about one-half mile before emptying
into Scorton Creek. The water in this stretch is iresh to slightly brack-
ish and is under tidal influence. Here the streamn runs through salt
marsh and streamside shade is entirely lacking. Cover, however, is fairly
abundant in the form of undercut banks. The bottom consists of heavy
accumulations of mud.

METHODS AND TECHNIQUES

The essential procedure followed in these studies was to stock a known
number of niarked trout and follow their fate as to migration, harvest,
growth, etc.,, through subsequent sampling employing electro-fishing,
creel census, chemicals, and two-way traps. In this way, data was also
attained relative to native trout in the streams. None of the streams
studied, as well as the rest of the streams on Cape Cod, with one excep-
tion, had been stocked by the state for many years, if ever, prior to these
investigations.

A total of 92,100 brook trout from three to eight inclies in length
were either tagged or fin-clipped and stocked over the eight-year period
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of the study (Table 1). Trout under six inches in length were discard
hatchery culls. The hsh were temporarily immobilized with an anes-
thetic solution of 0.5 percent urethane before tagging or clipping. A
circular jaw tag of monel-metal’ attached to the mandible was the type
tag used. In fin-clipping the fsh, medical bone cutters were employed
to attain a clean severance at the base of the basal joints in order to
remove all rudiments of fin rays and preclude extensive regeneration.
Care was taken to cut deeply enough to bring forth a spot of blood.
Absolute control of all trout insofar as either their respective tag numn-
bers or excised fin markings was exercised.

Tag return boxes and posters were conspicuously spotted along the
streams to facilitate voluntary sportsnen’s cooperation in returning tags.

The creel census work consisted of essentially two separate phases,
but is presented in combined form due to the good agreement found
between these data. One phase consisted of returns on a voluntary basis
by selected anglers. The other consisted of creel sample checks by Divi-
sion personnel. No attempt was made to carry out an intensive census
that would be either complete or allow for valid expansion. The objec-
tive was merely to obtain a large sample of what anglers caught. Al
though a more thorough census would have heen much more valuable,
the personnel available, combined with the nature of the stream systenus,
ruled it out. Standard creel census procedures were followed in both
voluntary and actual creel sampling.

A 2500-watt, 230-volt, alternating current generator equipped with
paddle-type electrodes was used in all electro-fishing, except for some
early work in 1952 with a 110-volt generator.

In water over three feet deep, the shocker was relatively ineflicient,
therefore precluding effective sampling in the deeper and more tidal
sections of the streams. In muddy waters the stunned fish could not be
seen unless they surfaced. For this reason, electro-fishing was always
done in an upstream direction. In tidal streams, however, a rising tide
will carry roiled-up water upstream ahead of the crew. Sampling of
such streams was, therefore, most effective between half-tide and dead
low tide.

Cresol was used as a fish anesthetic in collecting during the early years
of the study in vegetation-choked upstream areas found to be unsuitable
for the use of the shocker.

Two-way fish traps, patterned alter the double-V traps developed by
Carbine and Shetter (1945) in Michigan, with the exception that half-
inch hardware cloth was used as wing material, were installed on the
Quashnet and Mashpee Rivers and Scorton Creek during 1954 and part
ol 1955. The hardware cloth was replaced with wooden slat wings aflter
the traps had been in operation for a short period of time.

Growth of hatchery trout was ascertained by comparing the mean
size of samples of known-age fish at the time of stocking and at subse-
quent intervals. Growth of native or unmarked trout was followed
through the use of the length-frequency method, coupled with a limited
amount of scale reading on the older, larger fish.

! The advisability of usm" mouel-metal tags was dispnted prior to th(u nse in this study in view
of possible corrosion in salt water. Some slight evidence of corrosion was noted on tags kuown
to have been in salt or brackish water, but no tag was recovered which was not structurally sound
and legible.



TABLE 1.

Summary of Stocking Histories for Five Cape Cod
Salter Trout Streams (1949-56)

Stream Year Month No. Size Marked
(inches) (fin-clipped or tagged)
Mashpee R. 1949 Dec. 15,000 3—6 adipose
2 1950 Dec. 3,000 68 adipose
’ 1952 March 4,000 6—8 T.. pelvic
i 1952 Avpril 1,000 6-8 R. pectoral
2 1952 May 10,000 3-5 1.. pelvic
2 1953 May 3,000 6-8 R. & I.. pelvic
” 1954 March 1,000 6-8 tagged
”? 1954 June 1,000 6—8 tagged
” 1954 Oct. 1,000 6—8 tagged
” 1955 March 1,000 6—-8 tagged
” 1955 June 1,000 6-8 tagged
I 1956 March 1,000 6-8 L. pelvic
» 1936 May 1,000 6—8 R. pelvic
Total 43,000
Santuit R. 1952 June 2,600 5-6 anal
> 1952 June 150 5—6 I.. pelvic & adipose
” 1953 May 4,000 6—8 1.. pectoral
” 1954 March 1,000 68 tagged
> 1954 June 1,000 6—8 tagged
I 1954 Sept. 1,000 6—8 tagged
” 1955 March 1,000 6-8 tagged
” 1955 June 1,000 6—8 tagged
” 1956 March 1,000 6-8 T.. pelvic
> 1956 May 1,000 68 R. pelvic
Total 13,750
Scorton Cr. 1952 June 5,000 3-5 R. pelvic & I.. pectoral
> 1953 May 1,350 6—8 unmarked
” 1954 March 1,500 6-8 tagged
” 1954 June 1,500 6—8 tagged
” 1954 Sept. 1,000 6-8 tagged
" 1955 March 1,500 6-8 tagged
” 1955 June 1,500 6—8 tagged
” 1956 March 1,000 6-8 L. pelvic
” 1956 May 1,000 6—8 R. pelvic
Total 15,350
Quashnet R. 1953 May 4,000 6-8 R. pelvic
” 1954 March 1,000 6—8 tagged
” 1954 June 1,000 6—8 tagged
> 1954 Sept. 1,000 6—8 tagged
” 1955 March 1,000 6—8 tagged
” 1955 June 1,000 68 tagged
” 1956 March 1,000 6-8 T.. pelvic
” 1956 May 1,000 6-8 R. pelvic
Total 11,000
Marstons Mills 1953 May 4,000 68 R. & L. pectoral
7 1954 March 500 6-8 tagged
” 1954 June 500 6—8 tagged
” 1954 Sept. 1,000 6-8 tagged
” 1955 March 500 6—8 tagged
” 1955 June 500 6—8 tagged
” 1956 March 1,000 6-8 L. pelvic
” 1956 May 1,000 6—8 R. pelvic
Total 9,000
Grand total for five streams ... ... 92,100
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DEFINITION OF A “SALTER"

The taxonomic relationship of “salter” or sea-run brook trout has long
been the matter of much discussion and debate. Some authorities main-
tained that it was a typical brook trout, Salvelinus fontinalis, and others
cataloged it as a sub-species, with its anadromous propensity inherited.
Wilder (1952), in Nova Scotia, compared various freshwater and anadro-
mous populations of brook trout and found no significant taxonomic
difference between these fish. He did find that sea trout and freshwater
trout differ seasonally in coloration and length-weight relationship, but
he concluded that such differences are environmental in origin rather
than hereditary.

Nevertheless, coloration and Dbody size have been relied on as indica-
tive of the sea-run habit in brook trout (White 1940, 1941; Wilder
1952). Sea-run or “salter” brook trout are quite distinctive from brook
trout that have been living in fresh water. Such fish are extremely
chunky for their length. White (1940) gives an excellent description
of the coloration of fresh-run “salters”. “The dorsal surface is a dark,
greenish-blue color, visible through a thin coat of silvery quanin crystals.
The sides are very silvery or with pearl-like iridescence and sometimes
with a few pink spots discernible through the quanin. The belly is a
pearly-white”. A briel experiment in which several fish answering the
above description, or definable as “salters”, were enclosed in a pen in
the upper part of the Mashpee River showed that these fish lose their
“salter” characteristics within ten days to two weeks of the time when
they enter fresh water.

It will be shown in the next section that hatchery brook trout stocked
in the coastal streams of this study assumed the migratory habit. Like-
wise, they became identical in appearance to native “salters”. The fact
that the parentage of such fish was many generations removed from
the wild, undoubtedly originating from strictly fresh water stocks, refutes
any claims for a genetic difference between anadromous and fresh water
brook trout.

In summary, a “salter” can be defined as a typical brook trout that
has sojourned in a marine environment. They cannot be identified in
fresh water as “salters” with any fidelity based on permanent character-
istics. However, a hypothetical differentiation is possible on the basis
of pseudo-characteristics of size and coloration, displayed by individuals
that have recently moved into fresh water.

MIGRATION

Evidence ol migration is obtained from two types of observations;
(1) the recovery of marked fish from locations other than those in which
they were stocked, and (2) the sudden appearance or disappearance of
a large number of trout in a given stream.

Neither type of evidence alone provides adequate information. The
first gives an indication of the route of travel of the fish and their final
destination, but tells nothing of time or conditions under which the
migration occurred. One cannot tell whether the movement of the fish
represented part of a mass migration involving the entire population,
or whether it was a more-or-less random movement of a few individuals,
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A total of 76,850 trout were stocked in the four study streams on the
south shore of Cape Cod and 198 (0.4 percent) of these were definitely
recovered in streams other than where they were planted (Figure 3).
Movenent was most pronounced between streams draining the same estu-
arine environments, although there was inter-stream movement that
necessitated passage of the open sea for distances up to about eight
miles. This evidence is in substantial agreement with White’s studies
(1940, "41, *42) in Nova Scotia and Prince Edward Island showing that
sea-run brook trout may enter the open sea and subsequently re-enter
streams other than where they originated. Records of such behavior
are in variance with an earlier hypothesis advanced by Bigelow and
Welsh (1925) to the effect that sea-run brook trout rarely strayed far
from the influence of the home stream estuary.

The second type of migratory behavior, the sudden appearance or
disappearance of a large number of trout in a given stream, was ex-
hibited, but to varying degrees and rather inconclusively relevant to
depicting rhythmic phenomena. There are several possible explanations
for this. Perhaps the most important was the inadequateness of the
techniques and methods employed in detecting valid, annual movement
patterns. Electro-fishing and two-way trap population samples were
relied on in depicting the presence or absence of the different size cate-
gories of trout in relation to time. The effort expended in electro-
fishing, although intensive, was infrequent and limited in effectiveness
to all the areas that trout lived in. The traps, on the whole, were
relatively ineffective in catching fish. During periods of spring high
tides, following heavy raintall, and during the periods when cranberry
bogs in the upper sections of the streams were being drained, the traps
were often inundated or bypassed. Allied detriments to clarification of
intra-stream movement were the two types of movement within the
streams: runs of anadromous trout that had been living in the river
or estuarine areas for several months, and the indiscriminate erratic
wanderings of newly-stocked trout. Undoubtedly, the somewhat arbi-
trary cataloging between anadromous and non-anadromous trout also
contributed.

Functionally, trout did not forsake fresh for salt water until after
spawning for the first time during the fall of their second growing
season. Spawning occurred in late October or early November. Egress
of mature fish followed as evidenced by their disappearance from regu-
larly inventoried stream sections during this period, as well as from
other sections. Trap records, while not the best, verified this conclusion.
The fact that no fixed native trout populations were found in the
streams, but that trout lived in fresh water for the first two years of their
lives, or until they reached sexual maturity, irrespective of all other
influences, refuted the earlier hypothesis advanced relative to inducing
seaward migration by overstocking.

Ingress from the marine habitat was most pronounced the following
May or June and again in September, although there were several in-
stances recorded of upstream “salter” movepnent at other seasons. An
example of the latter was the passage of between fifty and sixty trout,
believed to be “salters”, during December of 1954 in the Mashpee River’s
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FIGURE 3. MARINE MOVEMENT OF STOCKED EASTERN BROOK TROUT BETWEEN SOME
STREAMS ON THE SOUTH SHORE OF CAPE COD AS DEPICTED BY RECAPTURES
FROM STREAMS OTHER THAN WHERE PLANTED .
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two-way fish trap. Smith (1951) reported similar irregular movement
in a stream on Prince Edward Island.

Two reasons are postulated for the more ordinarily observed ingress
from the marine environment. In the fall, brook trout are motivated
by reproductive instincts. In the late spring or early summer, these fish
gravitate to [resh water because it is cooler than that of estuarine waters
in most instances. Summertine temperatures of these areas in this lati-
tude, particularly on the south shore of Cape Cod, often range into the
high seventies and eighties (Fahrenheit). Although tag records and oc-
casional reports of the capture of trout by commercial fishermen in the
open sea show that brook trout traverse such areas, there is no evidence
to indicate the interim is a long one. Speculatively, then, the estuarine
locations are believed to be of principal importance in providing sub-
sistence while away from fresh water. White (1941) in Nova Scotia,
reported the average time spent in the sea as 6414 days or approximately
two months. White (1942) also reported on some of the only observa-
tions ever made of wild brook trout in true sea water. These observa-
tions led to the conclusion that the marine habitat most frequented
by these trout was coastal in character — “rocky, wave-washed shores of
the inner islands and mainland region”. Summertime temperatures in
such northern waters are considerably lower than those off the south-
ern coast of Massachusetts.
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HARVEST STUDIES

In the years 1954-55, all of the 25,000 trout stocked in the flive study
streams were tagged. Actual angler returns (tags-in-hand) ol tags ranged
from none on one lot ol trout stocked in the Mashpee River to a high
of 46.6 percent on one lot stocked in the Quashnet River (Table 2).
Overall actual returns amounted to 19.1 percent. The variability ol
angler harvest between streais, as indicated by tag recovery, is believed
to merely rellect the fishability of the individual streams. Lowest returns
(0 to 4.3 percent) were realized from trout stocked in the Mashpee
River. Most of this stream is posted to public usage. Highest returns
(23.8 to 46.6 percent) were experienced from the Quashnet River, which
is the most readily fishable of the five streams, both from the viewpoint
of terrain and legal access (Figure 4). Scorton Creek, on the other hand,
although as fishable as the Quashnet River, had about 300 yards ol its
upper end located within the confines of the Sandwich State Ganle Farm
posted against trespass (Figure 2). All the trout stocked in Scorton
Creek were planted in this restricted area, thus impeding subsequent
harvest and accounting lor the proportionate reduction in the take as
compared to that of the Quashnet River.

Essentially similar nuubers of tagged trout were stocked during three
different periods of the year: in March, prior to the opening day and
heaviest angling pressure; June, when fishing pressure had dropped off

Figure 4. Typical section of Quashnet River, showing
characteristic terrain and fishability.
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drastically, and in September when only a few weeks remained ol the
open season and fishing pressure was light (Table 2). March stockings
gave the highest average return (22.5 percent), September stockings the
lowest (14.6 percent) and June stockings realized returns which were
intermediate (17.5 percent). The average overall recovery of carry-
overs, i.e., trout caught the year following stocking, amounted to 2.6
percent of the total number of trout stocked or 14 percent of the total
harvested by anglers as reflected in tag returns. Harvest of carryovers
varied considerably between lots. 1t ranged from 7.7 percent to none
of the trout stocked or from 30 percent to none ol the total harvest.
On the average, trout stocked in September realized the greatest take
the following year (3.3 percent), followed by March (2.9 percent) and
June (2.0 percent) stockings in that order; however, differences were
not too significant,

The tag respondent level was estimated by querying personnel en-
gaged in these studies on the subject. Their concerted and subjective
estimates were that only about one-half of the tags recovered by anglers
were turned in. A 50 percent efficiency in voluntary reporting of re-
covered tags appears reasonable. It also is in substantial agreement
with correctional factors developed in other trout stream tagging studies
conducted in Massachusetts in which more precise information was avail-
able. Thus, if the harvest figures presented are doubled, angler harvest
of stocked 6-8 inch brook trout may be rated as fair to good (Mullan,
1955). By the same standards, harvest of carryover trout was excellent.

Quality of trout angling provided by the study streams was excellent
by Massachusetts standards, judging by the unit of effort required to
catch a trout (Table 3). All told, 3,484 trout were taken in 4,073 hours
of angling or 0.86 trout per hour. This catch rate is several-fold that
reported from inland Massachusetts streams (Nesbit and Kitson 1937;
Swartz 1944, 1950; and Mullan 1955).

The composition of the harvest sample consisted of 20 percent un-
marked or native trout, 67 percent marked hatchery trout recovered
during the same year as they were stocked, and 13 percent marked
carryover hatchery trout recovered one or niore years after stocking.
However, the breakdown of the catch as depicted varied significantly
during each year the creel sampling was conducted. In 1954, a total of
739 trout were examined in angler creels of which 89 (12.0 percent)
were natives, 223 (30.1 percent) were carryover hatchery trout and 427
(7.8 percent) were current year hatchery fish. Similar values for the
following two years were: (1955) 1,023 trout examined; natives, 337
(32.9 percent), carryover hatchery trout, 196 (19.2 percent), current
year hatchery fish, 490 (47.9 percent); (1956) 1,722 trout examined;
natives, 284 (16.5 percent), carryover hatchery trout, 42 (2.4 percent),
current year hatchery fish, 1,596 (81.1 percent).

In view of the noted contribution of both native and carryover brook
trout in the angler catch, it is concluded that such is significant, par-
ticularly in reference to other findings for carryover brook trout reported
from Massachusetts ponds or streams. Omnly four brook trout were
taken in the Massachusetts reconnaissance survey of lakes and ponds in
which about 400 units were examined (Swartz 1944, McCabe 1948, 1951,
1952, 1953 and Stroud 1955). Brown and rainbow trout were taken
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TABLE 2.

Angler Recovery of Six to Eight-Inch Tagged Eastern Brook Trout
Stocked in Five Cape Cod Coastal Streams

Stream Stocked Mo. & Year No. Percent harvest Total Grand
Stocked by years Total

1954 1955 1956

Mashpee River March 1954 1000 0.8 0.8 0.7
June 1954 1000 0 0
Sept. 1954 1000 1.4 1.4
March 1953 1000 3.3 1.0 4.3 2.6
June 1955 1000 1.0 1.0
Santuit River March 1954 1000 15.3 1.9 17.2
June 1954 1000 11.6 3.8 15.4 13.3
Sept. 1954 1000 6.0 1.2 7.2
March 1955 1000 8.3 1.9 10.2
June 1955 1000 2.3 0.7 3.0 6.6
Scorton Creek March 1954 1500 13.4 1.5 19.9
June 1954 1500 31.0 4.5 35.5 22.6
Sept. 1954 1000 5.0 2.2 7.2
March 1955 1500 21.8 2.8 24.6
June 1935 1500 20.9 0.7 21.6 23.1
Quashnet River March 1954 1000 42.5 4.1 46.6
June 1954 1000 28.2 3.1 31.3 35.3
Sept. 1954 1000 22.6 5.4 28.0
March 1955 1660 35.2 7.2 42.4
June 1955 1000 22.4 1.4 23.8 33.1
Marstons Mills March 1954 500 37.4 3.4 40.8
River June 1954 500 19.6 5.2 24.8 31.0
Sept. 1954 1000 21.4 7.7 29.1
March 1955 500 30.2 9.4 39.6
June 1955 500 5.2 0.2 5.4 22.5
Grand Total or Average 25,000 19.1
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TABLE 3.

Quality of Brook Trout Angling on Five Cape Cod Salter Trout
Streams as Measured by Creel Sample Checks

Stream Year Hours Total Trout Catch
Fished Caught per IHour
Mashpee River 1955 119 149 1.25
1956 125 146 1.17
Santuit River 1954 30 73 2.43
1955 51 34 0.67
1956 91 79 0.87
Scorton Creek 1954 1013 167 0.16
1955 677 369 0.55
1956 571 640* 1.12
Quashnet River 1954 199.5 330 1.65
1955 296 401 1.35
1956 517 569 1.10
Marstons Mills River 1954 106.5 169 1.59
1955 94 70 0.74
1956 183 288 1.57
Grand Total or Average 4073 3434 0.86

* Includes 21 brown trout and 2 rainhow trout.
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frequently, yet these species were no more heavily stocked than brook
trout. Spring to mid-summer carryover ol 44.542 catchable size brook
trout stocked in the Westfield River Drainage in 1952 (Mullan, un-
published) was estimated on the basis of intensive harvest and popula-
tion studies to amount to only 0.7 percent. Similar studies conducted
on the Millers and Squannacook River Drainages in 1953 (Mullan, un-
published) gave values for brook trout carryover of 5.0 and 0 percent,
respectively. On the other hand, carryover in the interval between
spring stocking and mid-sununer inventory was estimated for brown and
rainbow trout as follows: 10 and 4 percent, respectively, for the West-
field Drainage; 52 and 20 percent, respectively, for the Millers Drainage;
and 20 and 8 percent, respectively, for the Squannacook Drainage. Also
attesting to the inability of catchable size hatchery brook trout to carry
over in most Massachusetts waters 1s the fact that no catchable size brook
trout stocked one year and recovered the next year has ever been re-
corded through creel census or tag returns, except in the streams under
discussion and in reclaimed waters.

Of pertinent interest is a discussion ol the size of the trout caught due
to the presumption that “salters” are larger than average native brook
trout. Unfortunately, individual length measurements of trout checked
in angler creels were not recorded or available. However, the sizes of
the trout sampled with the electric shocker and chemicals are available.
These data are believed indicative of the size ol trout found in these
streams, with some exceptions.

A total of 6,971 trout between 2.5 inches and 15.4 inches in length
were captured, measured, and released (Figure 5). Thirty-one percent
(2,146) were under 6 inches in length, 64 percent (4,477) ranged from
6 to 9.9 inches in length, 4 percent (271) ranged from 10.0 to 11.9
inches in length and only one percent (77) were 12 inches in length or
better.

There are two biases to these data insofar as it pertains to the angler’s
catch. First, electro-fishing is selective for the larger fish, consequently,
tewer of the smaller trout, particularly young-of-the-year, were sampled
compared to the larger fish in relation to their abundance. However,
as angler preference dictated retention of trout six inches or miore in
length, even though there was no nmiinimum size limit in effect during
the later years of the investigation, this bias is of no concern in this
discussion. The second bias 1s of concern. Electro-fishing could only
be carried out in wadeable stream areas, thereby excluding the deeper
estuarine environments that the larger trout were suspected of inhabit-
ing and which the angler could fish. Inevitably, the larger trout taken
in the Santuit River were collected at the beginning ol the shocking
station. Demarcation occurred here between the fresh water and estu-
arine habitats. Nevertheless, it is the concensus of opinion of the cree]
census agents that the size range of the trout caught by anglers paralleled
those six inches or better taken in the sampling with the exception that
perhaps a few more fish in the ten to fourteen inch category were en-
countered. It follows, therefore, that the bulk of the trout caught from
the “salter” streams of Cape Cod average only between six and nine
inches in length. “Salters”, as such, may be included in this size range,
but generally are larger, averaging between nine and fourteen inches
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FIGURE & LENW6TH FREQUENCY OF EASTERN BROOK TROUT SAMPLED BY ALL METHODS
OTHER THAN ANGLER CREEL SAMPLE FROM FIVE COASTAL STREAMS ON GCAPE COD.
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in length. Insofar as to size, these trout bear little simiilarity to the two
to five-pound trophy “salters” ol popular conception. Quite the con-
trary, trout larger than twelve inches in length were decidedly not com-
mon. The larger brook trout sampled in both angler creels and in the
electro-fishing ranged between two to slightly better than two and one-
half pounds in weight.

AGE AND GROWTH

Growth of both stocked and native brook trout was found to be good.
Young of the year averaged between three and five inches by the fall
of their first year. By the following fall, these fish averaged between
seven and ten inches in length. Growth ol hatchery trout paralleled
that of native trout for an equal time interval (Figure 6). Considering
such factors as the inherent differences between stocked and native trout,
differences in trout population densities, and physical-chemical differ-
ences of streams themselves, the sinilarity of growth of all trout was
rather surprising. Naturally enough, variation and exceptions occurred,
but these are believed to be normal.

In all the streams, growth was continuous throughout the season
except in the case of Scorton Creek. Here growth, while not ceasing
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entirely, was not impressive during the hot summer months. Evidently,
high temperatures in the main river forced the trout into the confined
study section of Scorton Creek previously described. Even in this area,
water temperatures were far from optimum and inhibited trout feeding
and growth. These adverse conditions during the summer are evidently
compensated for by the unusually good conditions for growth prevailing
during the remainder of the year as evidenced from the rapid growth
occurring then.

Another striking exception was the difterence in growth rate of the
trout in the lower, tidal sections ol the rivers as compared with that in
the upper, typically fresh water sections. 'This was most evident in the
Santuit River where a large marsh in the river’s center divides it into
a typical fresh water stream above and a tidal river below, between
which the movement of fish is greatly reduced. Trout were stocked in
1953, both above the marsh, and below it at the mouth of the river.
Electric-shocker surveys were made in June and October 1953 of both
the upper and lower sections of the river. In the upper part, no appre-
ciable growth of the trout was observed between the time of their stock-
ing and October. 1n the lower section, growth was evident by June,
and by October, these trout averaged approximately nine inches in
length, or more than two inches larger than those in the upper river.
The same situation was observed in the Quashnet River, and more
limitedly in the Mashpee River.

The similarity of growth between trout of different origin and in
different streams suggests the implication that some common denomina-
tor influenced growth in all streams: namely, the fertility of the sea as
expressed in the extraordinary abundance of elvers, young-of-the-year
alewives, and various crustacea as a food supply for the trout, partic-
ularly in the brackish and estuarine areas of the streams. Although no
detailed food study was made, cursory field observations showed that
the trout gorged themselves on such foods. It is not implied that the
writer believes that this food supply was or is unlimited, but only that
trout population densities were never large enough to excessively crop
the available food supply so that any gross decreases in growth were
detectable over the period of this study even though stockings were
heavy. This is not to say that stocking influenced population densities
to the exact mumerical stocking quotas, because undoubtedly mortality
attributable to one cause or another exerted itself. However, there can
be little doubt that stocking contributed significantly to the trout popu-
lations of these streams as attested to in the creel sample and population
data.

No brook trout older than four growing seasons was found. No
tagged fish were recovered in their third year since liberation. Such
fish were stocked as yearlings, therefore, it seems safe to assume that the
majority of brook trout in these streams do not live beyond three grow-
ing seasons. These findings as to the relatively short-termed longevity
of wild brook trout substantially agrees with that advanced for other
Massachusetts streams and reclaimed ponds (Mullan, unpublished),
Rupp (1955), and Hoover (1939) for some streams in Maine and New
Hampshire, respectively.
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LIMITING FACTORS TO TROUT PRODUCTION
Of special interest is a discussion of the limiting factors to greater
trout production in streams of the type described. This is all the more
appropriate in view of the purported decline in the size and quantity
ol current production, particularly in view of the unique abundance of
food available for conversion into trout flesh.

The fact that many Cape Cod streams run through or beside cranberry
bogs which are comnionly treated with insecticides suggests the possi-
bility of periodic, accidental poisoning ol the fish populations. There
was one clear-cut example of this actually happening during the course
of the study. During the week of August 4th, 1952, cranberry bogs at
the head of the Mashpee River were sprayed or dusted with rotenone.
On August 8th, 89 dead trout were picked up, and sampling of both
the upper and lower sections of the river on August 8th and I3th pro-
duced a total of only 13 live trout, where in former samplings, hundreds
had been collected.

Such fish poisonings are almost always the result of carelessness. Rote-
none is generally sprayed or dusted by ground machines to control the
fruitworm pest in July. Cousequently, control can be exercised by
damming of ditches, care in not spraying directly into streams, etc.
Run-off water seeping through the soil would probably never be highly
toxic. Omly in rare cases where exceptionally heavy rains completely
flooded the bogs subsequent to treatment would run-off waters be lethal.

While D.D.T. is also used as a substitute for rotenone, it is probably
not used in heavy enough doses to kill fish. Cyanide is very occasionally
used, but great care is taken to dam it up in the Dbogs until it is
chemically inactivated, because of the potential danger to humans, live-
stock, etc.  Cryolite (sodium aluminum flouride) nmiay be used as a sub-
stitute for rotenone, and is not highly toxic to fish. While less effective,
it is much less expensive and easier to apply and is gradually replacing
rotenone. Because it may be applied by air, owners of large bogs usually
employ it in this manner. Extensive bogs along the upper Quashnet
River received a heavy aerial application during the summer of 1952
with no ill effects observable to the fish population. Large populations
of native trout were observed in bog ditches in September of that year.

The relationship between insecticides and trout populations over the
years can only be speculated on. Without a doubt, the indiscriminate
use of such substances as rotenone poses a tremendous threat to any fish
population. On the other hand, it should not be overlooked that in
some cases such fish kills may not be without value in periodically con-
trolling trash fishes in certain streams. Allowing that such kills occur
infrequently, which is evidently the case, their relevancy to trout pro-
duction, while serious for a year or so, cannot be as detrimental as one
would at first contemplate. First, such kills do not generally affect the
whole stream, only part of it, thus leaving trout in unaffected areas,
such as the stream poisoned as well as the marine environment and other
separated coastal streams for re-population, allowing there is free passage
between such areas. Secondly, the limited longevity of the brook trout
results in a very rapid normal turnover in population, hence, this species
is peculiarly adapted, perhaps a lot more so than is generally recognized,
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to coping with such adversities. True, accruement of the larger fish is
temporarily reduced, but this, too, must be weighed in the light that
most brook trout do not live beyond three growing seasons. A quanti-
tative measurenient of the re-population of the Mashpee River with
brook trout in 1953 was not made, but observations were that it was
remarkably rapid. The writer has repeatedly observed similar brook
trout population reaction to purposely instigated poisonings in small
brook trout streams throughout the state.

The culture of cranberries along the coastal streams of Cape Cod
poses problems to the trout fisheries other than the more dramatic one
of periodic fish kills resulting from indiscriminate use of insecticides.
Perhaps of more profound importance has been the alteration of these
streams from their primitive state. Cranberry bogs were originally lo-
cated along these streams for two reasons, (1) a supply of water and (2)
the level topography of the land. The effects on the fishery of such
agriculture were many. Protective shade and cover were eliminated in
the Dog areas, thereby raising water temperatures. Siltation was ac-
celerated as a result and was further aggravated by the practice of sand-
ing bogs to control weeds. In all probability, this diminished natural
reproduction. The aquatic environment was decreased by the diversion
of water for raising and harvesting the cranberries, but this may have
been compensated to some degree by the creation of impoundments for
water storage. Dams built on the main streams, although adding to the
aquatic environment, also ajtered the pre-existing habitat. Likewise,
these dams proved obstacles to the free passage of trout between marine
and fresh water areas. Fishways were incorporated in many dams, but
some proved inoperative. It is doubtful whether increased water storage
above the dams accrued benefits balaucing the impediment factor of the
dams themselves. Initial evaluation by Smith (1951) of pond formation
on Prince Edward Island “salter” streams suggests definite benefits to
the trout fishery. In this more southerly latitude, shallow impound-
ment of trout water invariably results in excessively warming the water
for trout survival in the summer, and creating highly suitable habitat
for species that are competitive with trout. However, these same im-
poundments during the winter nionths, along with the majority of cran-
berry bogs that are flooded to prevent freezing, serve as winter havens
for the few trout found in them. This was attested to by a few angler
catches of large trout (9-14 inches) observed in the spring from such
areas that could not have migrated in from other areas, and which could
not have been produced by the limited summertime stream area in-
volved.

Another cause advanced for the conjectured decline of “salter” trout,
naturally enough, was fishing pressure. This argument does not hold
true when examined in the light of the Mashpee River. On this stream,
fishing pressure was carefully controlled and all but non-existent for
fifty years prior to and during this study. Here, complaints on the
decline in “salters” were just as prevalent, if not more so, than on any
other Cape Cod stream. Examination of the population reveals a cor-
relation between the lack of fishing pressure and a larger trout popula-
tion of better average size than found in the other streams (Figure b).
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Some people may interpret this correlation as a cause-and-effect relation-
ship, but the writer does not. The Mashpee River is by far the largest
and the finest of the trout streams on Cape Cod, thus largely accounting
for the best trout population encountered.

This is not to say that fishing pressure has not influenced such streams.
Stocking and resulting publicity induced increased fishing pressure dur-
ing the period of the study. This resulted in a greater take than other-
wise on the wild trout, but in no case was there any evidence of over-
exploitation that would have limited trout production now or in the
past.

Likewise, other causes have been advanced for the purported decline
in “salters” such as the disappearance of the eel grass (Zostera marina)
and the apparent appearance of unusually large numbers of striped bass
(Roccus saxatilis) in the various bays and estuaries of southern Cape
Cod in recent years. However, there is no factual basis for a cause-and-
effect relationship with any of these phenomena.

In summary, it is the writer’s speculative opinion that the magnitude
of the “salter” fisheries of yesteryear is grossly over-estimated by the
present generation, and this alone accounts for much of the purported
“decline”. On the other hand, it is axiomatic that the “salter” popu-
lations of yesteryear must have declined over the years due to the rather
drastic demise or alteration of suitable fresh water stream habitat for
brook trout. The building of the Cape Cod Canal alone virtually
eliminated one of the major fresh water drainage systems of Cape Cod.
Cranberry bog development, ditching of coastal marshes for mosquito
control, road building, tide control, rural development, etc., have all
taken their toll. Yesterday’s “salters” may have been bigger than those
encountered in this study, but this, too, is challenged.* Time and
memory have mellowed many of the actually big two to three-pound
fish of yesterday to double that weight in current popular fiction. Un-
doubtedly, in the past there were more total numbers of fish, both large
and small, but only because of the decidedly greater area of habitat
available. 1t is doubtful whether the ‘“salters” of today are any less
abundant, or have any less a size range, in relation to the environment
available today as compared to the past.

MANAGEMENT CONCLUSIONS

Consequential management of the coastal streams of Cape Cod is
dependent on stocking, preserving those streams that are currently suit-
able for trout at least in their present state, and if possible, improving
them for trout through the use of proven stream improvement tech-
niques. At best, the overall potential of the fisheries is limited in rela-
tion to demand. The streams involved are few, small, and limited to
the region of outer Cape Cod (the land area east of the Cape Cod Canal)
for the most part. Extensive reconnaissance of the coastal streams of
Massachusetts demonstrated that mainland streams exhibited excessive
water temperatures during the summer months for trout survival
1Tn 1833, J. V. C. Smith, in his book “Natural History of Fishes of Massachusetts, Iimbracing
a Practical Essay on Angling”, reported that “salters” from some of the streams under discus-
sion were smaller than commonly thought, “probably averaging one-half a pound apiece, not two

pounds”. He lists two hook and line catches from the Childs and Quashnet Rivers showing 58
fish weighing 30 pounds (0.52 Ibs. av.), and 296 fish weighing 191 pounds (0.65 lbs. av.).
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(Schiotterbeck 1954, Bridges 1955, Boccardy 1956, unpublished). The
sandy, permeable soils of outer Cape Cod are considerably more con-
ducive to spring flow than the more impervious coastal soils of the rest
of the state, thus accounting for the correlation noted. It is this for-
tuitous circumstance of spring How which creates the trout streams of
Cape Cod. The proximity to the sea of these streams renders the fish-
eries therein unique and well-worth management for maximum poten-
tial, even though the potential of the resource is a modest one.

Catchable size yearling (six to nine inches) brook trout stocked in the
months of March through May, just prior to and during the period of
maximum fishing pressure, can be expected to provide the best short
term and long term benefits to angling quality. Brown and rainbow
trout are deliberately not considered except in a few instances. While
not studied directly, various observations were made in regard to these
species and they appear to offer no advantages over that of the brook
trout. Numniercus brown trout and occasionally rainbow trout were
commonly encountered from Scorton Creek, as a result of their escape-
ment from the East Sandwich Hatchery. Consideration of stocking
brown and rainbow trout here are academic because escapement from
the hatchery will continue to populate this stream with these species.
Only very rarely were either brown or rainbow trout found in any of
the other streams. No evidence ol natural reproduction of either species
was uncovered, although brown trout are known to reproduce in other
Massachusetts streams types possessing suitable trout water (Mullan
1955). Neither species exceeded the brook trout in maximum size at-
tained, generally speaking, although one brown trout of about four
pounds was sampled in electro-fishing, nor did they appear to assume
the anadromous habit of the brook trout to any marked extent, Limited
stocking of brown trout may have a place, however, in one or two of the
larger, warnier streams not studied in these investigations.

Stockings of discarded hatchery culls at other seasons of the year is
a biologically justified hatchery expediency, based on the results of
similar stockings made in the early years of these investigations, and is
so recommended.

Trout stocked should be planted in the f[resh water areas of the
streams because there is evidently a considerable period of time necessary
for acclimatization between fresh water and sea water of varying salt
content.

Preservation of the better trout streams entails purchase and holding
in the public trust. A good start in this direction was made in 1956
when the Division of Fisheries and Game purchased 26 acres of land
along both sides of the Quashnet River, encompassing about one mile
of stream. Stream i1mprovement by the state should be deferred until
such areas are acquired as public land. Then, and then only, should
demonstrated and proven techniques and practices of direct benefit to
the trout habitat be employed, unless implemented experimentally for
evaluation purposes. The nature of the improvements, likewise, should
be dictated by the biological needs of the specific streams. Stream bank
plantings, rough fish control and barrier impediment alleviation, indi-
vidually, or in combination, on some streams, are suggested possibilities.
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SUMMARY

For a study of the sea-run or “salter” brook trout fishery of Cape
Cod, Massachusetts, 92,100 marked brook trout (3-8 inches) were
stocked in five coastal streams between the years 1949 and 1956.
Their fate as to migration, harvest, growth, etc., was followed
through subsequent sampling employing electro-fishing, creel cen-
sus, chemicals and two-way traps. In this way, data was also at-
tained relative to native trout.

Marine movement of hatchery brook trout was most pronounced
between streams draining the sanie estuarine environments, al-
though there was inter-stream movement that necessitated passage
of the open sea for distances up to about eight miles. Trout did
not forsake fresh for salt water until after spawning for the first
time during the fall of their second growing season. Ingress from
the marine habitat was most pronounced the following May or
June and again in September, although there were several instances
recorded of upstream “salter” movement at other seasons.
Angler harvest of stocked trout was judged fair to good (estimated
average return of 40 percent) by Massachusetts standards. These
same comparative indices indicated that harvest of carryover trout
and quality of angling provided by the study streams was excellent.
The bulk of the trout caught from the “salter” streams of Cape
Cod average only between six and nine inches in length. “Salters”,
as such, may be included in this size range, but generally are
larger, averaging between nine and fourteen inches in length.
Trout larger than twelve inches in length were decidedly not
common. The biggest brook trout sampled ranged between two
and slightly better than two and one-hall pounds in weight.
Native brook trout averaged between three and five inches in
length by the fall of their first year. By the following fall, these
fish averaged between seven and ten inches in length. Growth of
hatchery trout paralleled that of native trout. No brook trout
older than four growing seasons were found.

The “salter” fishery of Cape Cod is purported to have declined
over the years. This is examined in the light of the following
factors: fish kills resulting from the indiscriminate use of insecti-
cides in cranberry culture; alteration and loss of suitable fresh
water brook trout habitat; fishing pressure; other phenomena.
It is surmised that current “salter” populations are as abundant
and have about the same size range in relation to the environment
available today as compared to the past. However, it is concluded
that the total fishery has declined over the years, because of the
loss of fresh water habitat.

It is concluded that the potential of the “salter’” resource, even
though modest, is unique and well-worth management for maxi-
mum results. This is best accomplished by stocking, preserving
those streams that are currently suitable for trout at least in their
present state, and if possible, improving them for trout through
the use of proven stream improvement techniques. Angling bene-
fits are best served by stocking brook trout to the exclusion of
brown and rainbow trout in most cases.
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