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The Opercular Bone As An Indicator of Age and Growth

of the Carp Cyprinus earpio Linnaeust

1 >resented in partial fulfillment of the requirements for the degree

f Jaster of Science in Fishery ianagement,

%illiem J. ideConnell

Jepertment of Wildlife danagewent, Utah State Agricultural College

Logan, Utah

Abstradt

As part of an investigation of the nonegame {ish resources of
Utih, a study of the age and growth rate of the carp was instituted.
A reliminary investigation indicated that the opercular method was su=-
perior to several other wethods of determining age and growth in the
ca'p. Age and growth were calculated from the opercular bones of 330
cap collected at Ogden Bay Kefuge in 1950-51. Distances to annulil
we'e moasured direetly. The relationsuip between the posterior radius
of the opercular bone and the standard length of the carp was curvi-
lisar. Past growth was c¢alculated with a logaritnmic nomograph. ELEx-
peted number of annuli on opercular bones of known age carp, agree=-
mat of ages assessed by length frequency modes and those assessed from

epreular bones of the same fish, agreement of empirical aand calculated




lengths for the firet three years of life, agreement between sges
assessed by scales and opercular bones, and increase in age witn in-
ecrease in size were accepted as evidence of the validity of the oper-
cular wethod. Decrease in growth rate at any year of life for suec-
cessive age groups is attributed to a gradual change of the environ=

ment .,

Introduction

An investigation of the non~-game fish resources of Utah, by tae
“11dlife d{anagement Department of Utan State agricultural College, was
begun in 1948 to determine the ecological and economic status of the
large numbers of non-game fish known to exist in the valley waters of
Utsh. The erestion of wany ertificial impoundmenis has greatly aug-
mented the habitat of the non-game species, especially the carp
Cyprinus garpio Linnaeus. There are few suituble habitats in which
the carp is not found. Sigler (1949) estimates that there are at least
one million acres of potential carp range in Utah. iany marginal wa-
ters, wherc other epecies will not thrive, produce large numbers of
carp., OSome are utilized in Utah for domestic animal food. OSuall quan-
tities are also shipped to the west coast for human consuaption
(Gigler 1949). The carp in Utsh is largely an untapped resource.

48 part of the investigetion of the non-game fish resources of
tah a study of the life history of the carp was initiated. Une of
the more important aspects of the lifs uistory study of any fish is
the rate of growth., Sceles of fish haeve been most Irequently used in

determining age and growth. Although the first conclusive evidence




for the validity of the scale method was obtained from a study of carp
scnles by iloffbauer (Van Oosten 1929), the scales of carp froa several
habitats in northern Utah were unsuitable for the determination of age
and growth. It was necessary that a wethod other thaan the use of
scales be employed to determine the age and growth rate of the carp in
Utah, Several amlternate methods of age and growth deterwinatioa exist.

“hen measurements of lengths of fish, all captured at the sase
time, are aznalyzed, such meassurements often tend to group around cer-
tain modes. The modes have been interpreted as indicating age c¢lusses
(Sehultz 1930), (Applegate 1943), (iardisty 1944).

Various skeletal parts of fisnh, other than scasles, have been used
to determine the age and growth rate. Boyko (1940) determined the
nge of several species of fish, including the carp, by annuli present
on sections of fin rays. Vertebras have been used to age tadpole

madtoms Schilbeodes wmollis Hermann (Hooper 1949), end the northern

black bullhead Amejurus melas melas Rafinesque (Lewis 1949). Age of
the paddlefish Polyedon gpathule %albeum has been determined from
growth rings of the otoliths and dentary bone (Adams 1942)., 4age and
past growth have been determined from the opercular bonss of the yelliow
perch Peree fluvistilis Linnaeus by Le Cren (1947).

Freliminary investigation indicated that of the avsilable methods
of age and growth determination the opercular method was wmost suited to

the oarp.

Desoription of the Habitet

Ogden Bay digratory "aterfowl Refuge, the source of the carp used




in the esge and growth deileraination, was instituted as a waterfowl re=-

fuge in 1937.2

2 Ogden Bay uigratory Waterfowl Hefuge will be referred to in the re-
mainder of this study as Ogden Bay Refuge,
The state of Utah constructed Ogden Bay Lefuge on the delta forwmed by

the entrance of the Weber River into Ogden Bay of Great Salt lLake. la-
poundament s, referred to as univs, were formed by constructing dikes.
Unit 1, the section of Ogden Bay Refuge from which the carp were
collected, is probably the most productive unit of the refuge. The im~
poundment of Unit 1 is a shallow lagoon approximately } mile by 2 miles.
The water levels are caused to fluctuate at different seasons of tue
year by spring floods, irrigstion demands on the Weber River in late
sumner, and waterfowl management practices that oceur throughout the
yesr., The mean water depth over most of the lagoon is probably about
2 feet., Water depths up to 6 feet occur in the borrow pit at the peri-
phery of the impoundment, and up to 9 feet in sowe of the connective
waterweys thatl supply and drain the impoundment.
¥ater temperatures, in the connective waterwsys and borrow pits
of Unit 1, have been recorded during 1950 as follows: 40 F. in dareh,
51 F. in April, 72 F. in June, 78 F. in July, 74 F. in August, and
36 V. in December. The ice was gone by mid February im 1950 and 1951,
The area now occupied by Ogden Bay Refuge was originally s salt
flat with little vegstation on it. Unit 1 is now coampletely vegetated
however. By diverting the weters of the ¥Weber liver over the refuge
mich of the ®salt was leached froam the ground. The Weber River has also

contributed nutritive materials in tho form of municipal sewage, and




irrigstion runoff weter. The prineiple emergent plents are Sgirpus

Olneyi A. Grey, Seirpus paludosus A. Nele., Seirpus acutus Muhl., and

Typha letifolis L.. The dominant submergents are Jgnnichellis

palustris L., Potamogeton richardsonii (Ar. Benn.) Rydb., and Potauogston

pectinatus L.
The numbers of carp at Ogden Bay Refuge far exceed those of any
other species of fish present there. The Utah ohub Gils atraerig Girsrd

is comaon, "hite suckers Catostomus commersonniji Lacepede, green sun-

fish Lepomis gyenellus Fafinesque, and black bullheads Ameiurus

melas melas Rafinesque are encountered occasionally.

ilaterials and iethods

The relationship of the opercular bone to the standsrd length
wae established from the measurementes of 401 e¢arp and their correspond=-
ing eopercular bones. The opercular bones from 330 carp were used in
the age and growth determinstions. Additional small numpers oi carp
from several habitats were used for compuarisons.

The carp from Ogden Bay Refuge were collected witn seines. oswall,
young carp were taken with a ten foot minnow seine. The ocarp used in
the age and growth determinations were collected with a 100 foot seine
having three quarter inch, bar measure, mesh. The wide range of sizes
taken in the 100 foot seine indicates that the gear used was not excess-
ively selective as to the size of carp caught,

The standard, fork and total legnths (Carlander 1950 were taken
to the nearsst millimeter on a conventional measuring boerd. Leagth

gonversion factors are as follows: standerd length in millimeters to




votel length in millimeters equals 1.2512, standard leagta in ailli-
neters to total length in inches equals 0.04934, and standard lengta
in millimeters to fork leangih in milliamsters equals 1.0862.

The scales from the arca between the end of the psctoral fia and
he beginning of the dorsal fin, and lying imuediately sbove ths latsr-
11 line, were removed from sach carp, The scale saaples werc taken
‘rom either side.

Sex was determined by examining the gonads. Carp bBaving well de-
reloped gonads, but judged not to be ready to spawn for the first tiame
intil the following ssamson, were c¢luseified as sub~-adult. The wajority
»f the ¢srp classified as sub-adult could bs sexed macroscopically.
Jarp with small end sexuslly undifferentiated gonads were cluseed as
juveniles snd their sex wes not determined.

The entire opercular esseubly was removed from saca ¢arp. The
*irst step in the rewoval was the severing of the sikiaz which couprises
she dorsal attachment of the opercular asseubly. The branchiostegal
~ays =t the veniral border of the operculsr asssably wers cut next,

leaving the operculer assembly =ttached at the anterior border. The

o
(4]

reular assembly was then bent sharply forward to disarticulate tihe
;811 2nd socket joint by which the opercular bone is altached to the
sraniusn of the earp. %ith the opercular assesbly still held forward,
» knife blade inserted along the anterior berder severed the skian con-
1sction. The opercular assembly was then free and was removed.

The opercular sssemblies were frozen if they were not to be cleaned
immedistely. Freezing was necessary to prevent drying or decomposi=

tion., The unwanted parts of the opercular asseubly, consisting of




flesh and skin, and bonss othsr than the opercular bone, were reumoved
by placing tho entire assewbly in boiling water for azbout one minute.
The unwantsed parts were then easily pulled away from the opercular bones
srg, Persistent pieces of skin were rewoved by scrubbing
with = stiff bristled brush. Opereular asseubliss that had been allow=
ed to bsgcone dry wers much more difficult to ¢lean., When the opercu-
lar bones were e¢lean, they wer:z set aside until dry eanougi to siors.

The measursment of growth to esch aunnulus was made froa the
posterior margin of the fulecrum to the posteriore-most point of the
annulus (fig. | )s Cross sections through the fulcruam indicate that
the posterior margin of the fulerum is direectly over the origin of
growth of the posterior field of the opercular bone. Le Cren (1947,
arrived at the same conclusion for opercular bonss of psrch. 7The dis-
tances from the fulerum to the ennuli were measured directly wita a
drafteman's compass-pen employed as a pair of dividers (fig. 2).

The nibs of the pen were easier to place on the posterior mergin of
the fulerum than the single point of conventional dividers or calipers.
Distances set off with the compass-pen were transferred to a

aillimeter scale (fig. 3). The scale used was constructed witn an
upturn at the zero end on which the nibs of the compass-pen were
plzced when measuring distances, The position of the compass-pen on
this scele approximsted the pesition of the compass-pen when the nibs
were placed on the posterior rim of the fulerum of larger operculer
bones (figzs., 2 and 3). The upturm on the scale assured that tue nibs

of the pen were elevated above the scale a distance ecual to that be-

tween the postorior rim of the fulerum and the origin of growth of




Figure §. Opercular bones of a 4 year old feumale carp with a standard
length of 567 wmillimeters, colleected at Ogden Bay Refuge
July 9, 1951. The posterior rim of the fulcrua (4) is
outlined on the right opercular bons. (B) is the poster-
ior margin of the opercular bone, (C) the dorsal margin,
and (D) the line along which measurements were made. The
line D bisects the posterior-most point of eacn annulus,




Compass=-pen esmployed a8 dividers to measure distances to
annuli, Note position of nibs of the pen on posterior
rim of the fulerun,




Distances set off on the compass-pen transferred to a
millimeter scale. HNote position of nibs on upturn of the
scale,




the posterior field which lies diresctly benestn the posterior rim of

not be the truec distence from the origin of growth to the annuli, in-
stoad it would be the longer, enguler distance froam the posterior rim
of the fulerum to the ennuli. To eonstruct the ruler, a plaostic milli-
geter scals was cemented to a strip of aluminum sheeting 5 ineches by

1 ineh and 0.030 inches in thickness, A right angle bend was made

at one end of the eluminum sirip and trimmed so that it extended 7
millimeters ebove the upper surface of the aluminum strip. The plas-
tic scsle wes cemented to this strip with the zero end against the
right angle bend. A 7 millimeter bend was found satisfactory for all
opercular bones with resdii exceeding 25 millimeters. For all opercul-~
or bones with rodii less than 25 millimeters a flat scele was satis-
factory. ({easurements mede in this fashion were recorded to the near-

est helf millimeter,

Determination of Age
The annuli are distinct, narrow bands parallel to the posterior
mergin of the opercular bone. Lach ennulus elso sxtends along the
dorsasl and enterior wmergins but the bone in these areas is too thick
and opaque to permit easy observation (fig. /). The area eunclosed by
each annulus is of the same shape as the operculsr bone; tuis Buggests
thst the annulus was the wargin of the opercular bone at some earlier
time in the life of the carp. Fach annulus is composed of two paris;
anteriorly it is a thin line that is darker than the surrounding

area, and posteriorly it is a slightly wider band which is noticeably




nore translucent thaa the rest of the opercular bonme. The annuli of the
carp opercilar bones are essontially the saze as those on the perch
opercular bones described by Le Cren (1947).

Transmitted skylight was the best lignt for ouserving the annuli,
ngsten lany was usable but was too highly diffused as
comparsd with skylight. Le Cren (1947) wsed polari:ed ligat to aid in
distinguishing the annuli of opercular bomes of perch. The annuli on
the operoular bones of carp viewed by polarized light wers no more
easily seen than annuli on the opercular bones viewed by skylight.
Fhotography, with infrered sensitized film, exposed through a wratten
number 87 filter, failed to give any wmors differentiation of the anmnuli
than photography with ordinary panchromatic film.

The majority of the opercular bones could be aged with little
difficulty. The last two or threc anmuli were often crowded on the
opercular bones of ¢arp over five years of age. This erowding did not
offer serious difficulty to age evaluation., By tracing esch annulus
from tha dorsal margin of ths opsrcular bone to the anterior margin
where it disappesrod, it was possible to determine the limits of most
of the crowded annuli. False annuli, those deposited for ressons other
than the cessation of growth in winter, were evident on many of the
oparculsr bonss., These were usueally incomplate, appesring ouly in a
sector of the posterior fisld of the opercular bone. The false aunulid
were fainter and did not exhibit the distinet dark and transluceat
zones evident in the true annuli,

The annulus laid down during the first winter of 1life eould not

be accurately located on sbout half of the opercular bones used in the
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‘outt: study., The first annulus was not a slaz definiic line
J P )
on wmany of the operculsr bonas of carp three years of age and youugers

changs from ths end of the first s growth to the begianing

o
g
O
&=
F=

of the second year's growth was apperent as a wide baand -conteining
iany small accessory marks. This difficulty iz locating the first
ennulug was further complicated on large opercular bones by buttresses

radisting posteriorly from the fulerum (i.e., the point of articula=
tion to the oranium). The buttresses often covered the area where the

first yenr mark would norwally appesr. OSimilar difiieulty in locat-

sncountered by ¥Weywmouth et al (1925) on the
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gshells of the pacific ragor clam Siligua patuls Dixon, and by Le Cren
{1947) on the opercular boncs of the yellow perch.

The loss of data on the first your of growth was not serious; tue

&

important problen was to deteraine whether the first visible annulus
was depositad at the end of the first or the second year of life. &ix-
aminstion of the modes of length frequsney, for both eamlculsted and

-~

enpirical lengths, indicates that thers ero few figh in the 176 - 20

&

-

wmillimeter length group (fig. 4 ). Accordingly it was assumed that

few one year old carp were longer than 176 aillimeters and few two

old carp wers samaller than 200 millimeters. The latier assuap-

growing carp known to be two years old. The known age carp were all
sbova 275 millimeters in standard length when captured at the end of
the gecond year of growth., Growths calculated from the first asannulus
on opercular bonas of the known sge carp were all less than 176 ailli-

weters., From the foregoing observations it was decided that annuli,

4]

t




FPigare 4. (A) Frequeney of ewpirieal lengths of carp collected in
December 1950 and idarch 1951 at Ogden Bay Refugse.
(B) PFrequency of calculsted lengths of carp in age cidsses
I, II, and III, eollected at Ogden Bay Refuge during
1950 end 1951,
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nd annull, froax which a stuadard :.('!.Lgbth of less than U0 allliaeters

or second one deposited. Some dogree of inacouracy was probably in-
roduced by rapidly growing one year old f{ish, and very ylowl; &¥ ou=
‘ng two year 0ld fish., Il is belleved, however, thuat the error is
sines only 20 percent of the calculated lengths for ths first

:nd second yeors of life is between the wide limits of 176 williweters

Caloulution of Past Growta

“hen caleulating past growith of fieh frou annuel rings observed
on scales, a price assumption must be domonsirsted to be trus. Tue
assumption is that a definite and determinable relationship exists
between the size of ths scale and the length of the fish (Van Uosten
1929). The first growth studies were made by assuaing tunat a direot
proportion existed betwesn sows measurewent of Lae scale and tne length
of the fish, This body~scale relationship was representsd grapuically
by a siraignt line with zero as the origin. Later workers coaciuded
taat a direet proportion relationship was not as satisfactory as sev-
aral othsr mutaematical relationships. Creaser (1926, and Vaun Uosten
(1929) give excellent, detailed discussions of the earlier wethods
usad to caleulate past growth. .ore recent work on body seals rela-

tionships is concisely outlined by Carlander (1950) and Lagler (1949).




The problems pertinent to computing growth froaw scales are essen-
tially the same as those for computing growth from other skeletal
structures. The relationship between the posterior radius of the
opercular bone end the standerd length of the carp frow Ogden Bay
Refuge, is represented by the formula: L 3 K x R®, where L is the
standerd length, K is a constant, R is the radius of the opercular
bone, and n is a constant exponent (fig. 5). This type of formula has
been used to describe the body-scale relationsuip of several species
of fish by Wonastrysky (Lagler 1949). Hile (1941) determined thet a
formula, similar to the one herein derived for the carp of Ugden Bay
Fefuge, was useful in computing the growth of rock bass smbloplites
rupestris Rafinesque. Weymouth and ucifillan (1931) used this type
of formilae to describe the relationship between the length and width
of the shell of the Pacific razor clam. Le Cren likewise (1947)
demonstrated that the relationship between the length of the body and
the length of the opercular bone of the yellow perch was best re§r6~
sented by this same type formula. Thompson (1945) questions Huxley's
use of this formuls to describe the relationship between many animals
and their component parts beyond the early stages of developuent,

This eriticism does not seem to apply to the carp of Ogden Bay Kefuge
as the caleulated lengths agree closely with the empirical lengths
for the range of sizes included in this.-study.

Yhen logarithms of standard length are plotted against logarithas
of the posterior radius of opercular bones, the points lay along a
straight line. Accordingly the formula

L = 6,854 x B 1139




Figure 5, Opercular bons-body length relstionship established from
measurements of 401 carp collected at Ogden Bay Refuge
during 1950 and 1951, The formula for the best fit line

ds L = 6,854 x R 1.139, pets are based on average standard
length and average posterior epercular radius for 25
millimeters length groups.




was computed by the method of averages.
The actual calculations of growth were made by using a logar-
ithmic nomograph ecssentiaslly the same as the one described by

iile (1950).

Validity of Aging

In an effort to determine the degree of correlation existing be-
tween ages assessed by the opercular method end those assessed by the
scale method, scales frowu all carp im the v tudy were examined. Only
20 pereent of the scales exemined could be sged with confidence. Some
of the difficulties encountered were: ecloudy centers which often ob-
sgured the first two annuli, many false annuli that were difficult to
differentiate from the true annuli, and crowded annuli past the fourth

year that could not be distinguished. 4oen3 concluded that the scales

8 Persongl comumunication.

from Uteh carp were very difficult to age after exeamining a large sau-
ple. This may be a peculiarity of the carp of Utah as Shoffman (1943),
and Eddy and Carlender (1942) reported no difficulty in aging carp
by the scale method. LHoffbausr and Walter (Van Oosten 1923) deteruined
that scales from carp less than four years of age were true indicatore
of age but scales from carp known to be four years or older ofiten de-
veloped false annuli and were too thick to permit observstion of the
annuli,

Sixty-six percent of the scales fros the carp of Ogden Bay Refuge
that could be read gave the same age as the corresponding opercular

bones. Twenty-five psrcent of these scales indicated sges thet were




within one yeer of those determined froa the corresponding opercular
bones, Only 9 percent of the scales disagreed by two years or wore.
0f the scales that did not indicate the same ages as the correspond-
ing opercular bones, 73 percent indicated lower ages. Atteupts to
discover the source of this discrepancy indicated that the annuli that
could be clearly seen on the margin of the opercular bones of soas of
the older ecarp, were indistinguishsble on the scales. W¥hen scales
and opercular bones from the same cerp were examined side by side
practically all differences in age assessument could be reconciled.
e fact that 66 percent of the scales read indicated the same age as
the corresponding opercular bonss and 91 percent agreed within one
year was accepted as evidence that the same growth phenowenon was re-
sponsible for annuli on both,

The right and left opercular bones from a earp comsistently in-
dicnated the same age. Furthermore, past growth calculated from a
right opercular bone agreed closely with past growth calculated from
the corresponding left one. A high degree of symmetry was exhibited
between all right and left opercular bones, even to the produstion of
identical deformities (fig. /).

Opercular bones fromearp of known age, recovered at the end of the
second year of life, hed one annulus, This annulus was evidently de-
posited during the first winter of life. Although these carp were re-
covered on Uarch 27, 1951, the annulus for the current winter was
evident on the margin of soms of the operculer bones. Larly resump=
tion of growth was probably due to the presence of warm springs in

the pond where the carp wers recovered. Teusperatures up to 57 F. were




rocorded in lste February 1951,

Tt was noted earlier that the annulus deposited at the end of the
first year of 1life was not svident on the opercular bones oi many of
the garp from Ogden Bay Refuge. The opercular bones of known age carp
not from Ogden Bay Refuge all had a clear, first annulus. It seeus
possible that different hsbitats might affect the way in which the
firgt cessation of growth was registered on the opercular bone. At

sresent, however, no definite explanation can be offered.

Accurasy of the Growth Caleculations

Length frequency histograms for earp collected at Ogden Bay Kefuge
diring the winter of 1950-51 indicate that taere ars thres wodes of
length for earp under 500 millimeters in standard length. The conjec-
ture that these modes represent three age groups is substantiated by
the fact that sges of these cerp, as suggested by the modes, is lhe same
as the ages indicated by the operculer bones. A coamperison of tais
histogram with one for the calculated lengths of the carp determined

to be ona, two, and three years old shows that the modes for both are

c+

at approximstely the same lengths (fig.4 ). This approximate agree-
ment between empirical and caloulated lengths of fish in the same age
classes suggests that the calculated longtns are correct. The wean cale
culasted lengths for the first three years of growth of all age groups
also agree fairly well with the modes of empirical lengih frequency
(table | ).

The =veragscaleulated lengths for the first year of life show a

gradual increase with increasing sge of the fish (taeble /). The increase
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in caleulsted lengthe is prebably due to the fact that the buttresses
:t the fulerum of the opercular bones progressively covered wmore of the
srea in which the first year of growth would be recorded. Because of
the buttresses only annuli of the most rapidly growing fish were visi-
ble on operculer bones. Le Crem (1947) observed a siamilar increase in
grovth rate for the first year for the perch and attributed it to
selective wmortality which fevoered the more rapidly growing fish. A
differential mortality may slsoc have contributed to this difference in
sizo at the end of the first yeer of growth of the carp froam Ogden Bay
Fofuge.

The length atteined at the eond of any year of life past the first
becomes progressively shorter for each succseding age class (table /).
This is probably associated with a gradual change of environment at
Ogden Bay Refuge since the ares was first flooded. An im reasing de-
gree of commercial seining in recent years may have reduced the num-
ber of earp present and thereby improved growing conditions for those
carp remaining. It is possible that commercial seining may also have
hed a selective affect on the size composition of age groups since
commorcial seimers prefer large carp to smaller ones. Carlander (1949),
suggests that where selective saupling does not oceur a change in
growth raote may be due to the removal of the faster gyvewing fisa and
to the tendency for slow growing individuals to live longer. Wciugh
(1941) noted that older whitefish Prosopium williswsonii Girard were
the individuals that had grown more slowly.

The Applieation of the Operecular dethed to Carp
Other Than Those From Ogden Bay Refuge




Opereular bones were taken from carp from (1) iier's Pond in Cache
jounty, (2) an unnamed overflow slough of the Little Bear River in
Cache County, and (3) Goring's Pond in Box Llder County. All three
are located in Utah north of Great Sall Lake. MNone of these habitatls
nas @ surface area larger than two acres.

The operculsr bones from the carp of Mdier's Pond indicate that
the oldaer carp had grown rapidly ian the first few years and then grew
wores slowly in later years. The oporeular bones froam the youngsr carp
indiented good growth in the first and second year but additional
annuli were erowded. Although the opercular bones from carp of sier's
Pond were more difficult to age than those froa Ogden Bay Refuge,
they wore still usable. Beocause the carp of uier's Pond wers irregu-
larly sesled, little could be determined from examining their scales.

The unnaued overflow slough was approximately one-tiaird of an acre
in area and al no place was it over two feet in dejth., Whea poisoned
with rotoanone this pond produced forty-eight adult carp that aversged
3 pounds each. The over-crowded condition was reflected in the oper-
cular bonos of these fish. The annuli were spaced so closely tha
anges could only be estimsted, It was jJudged that the maximin ages
were botween 8ix and ten years for the pppulation. False annuli were
NUTGSTIO0UE.

The earp of Goring's Pond exhibited the same growth patiern as

those from iier's Pond. The opsroulsr bones indicated that tne wost

rapid growth of all fish was that attained by the older fish during the
first three or four years of life. Jounger fish grew at a woderate

rate for the first two years of life and then the growth rate slowed




congiderably. The opercular bones from these fish exhibited many
false annull, It is probable that the number of false annuli on
opercular beones of carp is influenced by tha rats st w.ich the carp

BT OW,

Coneclusions

The opercular method in determining age and growth of cerp has
sevaoral important advantages to recommend it. Ages are read with
grester confidence from the operculer bones than frou the scales.

The annuli ere definite and in most cases only one interpretation of
aege can be made, Age and growth is readily determined past the fourth
yeer from the opercular bones; this is not true of the scales. The
preperation of the opercular bones fro study is mich lese tiwe consum=
ing than that for scales., It is necessary to make teamporary wet
mounts of scales as neither the glycerin gelatin or the dry wethod of
mountaing carp scales is satisfactory. The operculer bones on the
other hend ere simply dried after clesning and may be used this way
without further preparation.

There is much less variation of the opercular bone-body length
relationship than of the scsle-body length ratio. %hen caleculating
past growth the use of opercular bones is, in effect, about the same
as using key scmles. DBack caloulstion of growth frowm opercular bones
of carp does not require opticel equipment since wmeasurements may be
made diresctly from the opereular bone,

Although the validity of the opercular msthod for deterwining

age and growth of the carp has not been established conclusively it
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is belicvsd that there is significant evidence is favor of it.
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