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INTRCDUCT IOK

Enovledge of the age of individuals camprising populations of
fish is essential to the fishary biologist. From such information he
is able to calculate the rate of growvth, detarmine the age at which
saxual maturity is attainad and the longevity of the apecisa. These
calculations and determinations can then be applied in the managament
of populations and in setting fishary regulations.

Thers are numarvus methods being usad to detarmins the age of
an ind{vidual fish., Of these, the scale method i3 the most important
means of age determimation being utilized with apeciea of fiash pos-
sessing scales (Cooper, 1951). This method assumes that the ratio
of body length to scale length is constant for all sizes of fieh.

As the fiash grows, the scale increasas in sise proportiocnxtely and
lays dovn concentric ridges called circuli. If growth of the fish

is uninterrupted, no change will occur in the growth pattarn of the
scale. However, in areas that exparience seasonal changes in tempera-
turs, the rate of metabolism wil) dearsass with temperature, with a
corresponding decrease in ths rate of grovth during periocds of cold
weathar. Tha dacrease in ths rate of grovth results in a carrespord-
ing period of intarrupted growth of the scale and is rocognized by
the spacing of the circuli. The eirculi tend to be more widely
spaced during the summer's grovth and mors closaly apaced during the
winter's growth.

Another growth characteristic of the scale is that with a de-



ersase in the growth rate the circuli will be interrupted and will end
at diffarent places along the lateral margin. Then, with the resump-
tion of growth, the mew ridges parallel the entire scale margin and
hence eut across the unfinished circuli previoualy formsd. This phe-
pomanon is called “"cutting ovar® and is very usaful in detarmining
the yearmark or "annulus®. In the analysis of a scale for age dster-
mination the charactaristics of cutting over and the apaaing of the
circull are utilised to locate the annulus. The age of the fish is
then detarmined by coumting the number of annuli.

The first aanulus is measured from the center (focus) of the
scale to the outer margin of the firat closaly spaced circuli ensounter-
ed and/or to where the sutting-over effects are observed. The other
annuli present are msasured froam the outer margin of the previous
yearts grovth to the mext outer margin where the annular characteris-
tics are located. Then, by measuring the distance between annuli,
the rate of growth can be calculated for each year group with the
assumption that the distance bstween the annuli is in direct propor-
tion to the growth in length of the fish for that period (Lagler,
1956).

With those fish not possessing scales, other msthods have neces-
sarily bean adopted. These methods have primarily utilised the hard
bony structures such as the otoliths, vertebrae, and opercular bonss,
or other hardensd portions of fish anatamy such as the pectoral fin
rays. These structures, either sectioned or not, ahow gones of dif-

ferential deposition of bony material which are considared to be



year marks, The year marks appeaar 2s altermate light and dark basds.
Annual growth 13 inmtarpretad as the distance fram the outer margin of
ans dark basd to the outer margin of the next dark bami. Ths calcu-
lations of growth for these methods are detarmined in the same manner
and vith the same agsumptions as with the scales.

Thare has been considsrable work carriad out on the bhardensd
structures. Snsed (1951) used the left pectaral spins to detarmins
the age of the chanmsl catfish (Jotalurus lagugtris). Appelget and
Szith (1951) succaeafully aged channsl catfish by uaing the £ifth verte-
bra; they also calculated the rate of growth of the fiah fram the same
vartebra. Marsolf (1955) employed pectaral spines and vertetrae in
dstaraining the age and rate of growth of the channsl catfish, Mo-
Carmall (1952) studied opsreular bones as indicators of age and growth
of the carp (Cyprinjs carpio). Forney (1955) employed the vartebra
in a 1ife history study of the black bullhead (Jctalnrus malas).

The disadvamtages conmscted with the use of the hardanad struc-
tures in age and grovth studies are found in the collection and examing—
tion of material. Ths collection of the structures usually nscessitates
the destruction of the fish, and the examination is tedious and tims
cansuming. Theae disuivantageé have tharefare largely discouraged
age and grovth studies of scaleless fish.

An ideal techniqus for ags and growth determination for scale-
less fish abould amploy & strucsture that vould eliminste the noed
of the study of the dbony structures. The strusture utilized should



provide an expression of ssasomal differential growth so that ages
can be e3ally detarminad; it should be sasily obtained in the field
without causing undus rmitilation of the fish or nscassarily causing
mortality; and it should be easy to prepare in the labaratary for age
and grovth dstarminations. Ths utilization of the soft rmys of the
fins appears to fill pearly all of these requirements.

Pin rays have bsen amployed in age and growth work for a mmber
of years, but the work was caoncarmad mainly with fish having auch
larger fins than the bullhead. Apparently the procedurs has not been
applied to the bullhsad. Boyko (1950) found that the ammual rings
are farmad not only on bard, spiny rays, but also ars well marked on
the aoft branchsed rays. H{g work was concarnsd mainly with the
sturgean (Asipenger sp.). Cuarrizr (1951) made age dsterminations
fram ercss-ssstions of the marginal ray of the psctoral fin of the
lake sturgscn (Asipenser fulvegcens). Seidmore and Glass (1953)
employed similar techniques for aging ths white sucker (Catostamms
gommargoni).

This problem was directaed toward determining the possibility
of amploying the soft rays of the fin in age and growth wvork on the
black btullhead and thereby eliminating most of the disadvantages of
hardanad structwres previously employed. In order to establish this
possibility, it was necessary to first establish a feasible technique
of sectioning the fin. Once the method of sectioning was decided upon

it was then necessary to determine whather this method had merit and
could be relied upon.



s the use of vertebra 13 a commonly accepted methoed of deter-
nining age and growth in the bullhsad, a camparison of the results
obtainsd frem the fin.ray sections with the results obtaiped from
readings of corresponding vartabras would be an indication of tha rala-
tive acouracy of the fin-rqy method in age and growth detarminations.



FIELD COLLECTIONS

Location of Collection

The £ish for this study ware captured during July and August
of 1957 from three North Dakota lakes: lLake Darling, in the north-
west section of the state (Ranville and Ward Counties); lake Ashtubula,
in the southsast ssction of the state (Barmss County); and Heart Butte
Reservoir, in the southweast section of the astate (Graant County). Ths
specimens callactad fram the three lakes were handled as separate units
throughout the problam. This was done because the methods of collection
and the type of gear used varied in each of the lakes.

Mothods of Collestion

Elah Sampleg

The gpsuimens collected from Lake Ashtubula were obtained from
ocmmoreial fisharmsn. Thair method of holding the fish, after capture,
in eribs coastrustsd of lath accounts for the sinmgle size represaented
from this lake. The laths are so spaced as to allow the amaller fish
to escape. Ths kinds of gear amployed on the other lakes wers fyke-
nets and pocket-nets. Although both of thess nsts operate on the same
prinoiple, ths pockst-neta took mors bullheads and were mors desirabls
dus to their smaller sizs and easier handling. The pocket-set coasists
of & 19ad or fancs that dirsots the fish eithaer way into the throat
or funnel of the net. As the fish pass through the funnal they becama

trapped and are umable to eacapes. Figure 1 1llustratss the construc-
tion of ons-half of & pocket-mst. Saveral pockst-nsts wara combined
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to form an extended net. This added langth of net was found to tring
about a greater ecapture of bullhsads per nst hour than did the single
nets. Thase strings of nets were checked at 24-hour intervals and the
catah removed.

Upon capturs, the weight (in temths of pounds) and the totall
and gtandard? lengths (in tenths of inckes), together with the locality
and dats of capture, ware recarded on the sample envelops. The follow-
ing portions of the fiash wera then removed and placed in the sample
envelope: the left pectoral epine, the fifth vartebra, a section of
the caudal fin, and the eatire pelvic fin.

Yertebrae Samples

The fifth vertebra i1s easily located aince the first four verte-
brae are fused together. Passing a knifs transverasly doum through
the body on a 45 degreo angle, just ahead of the dorsal fin, bisects
the vertotral column anterior to the fifth vertebrae. The actual dis-l
gsection of the vertebral colunm is not difficult but time comsuming.

Upon removal, the vertsbrae were placad in the sample envelope and
alloved to dry.

Bectoral Spino Ssmpleg
The left pectoral spine was collectsd following the procedurs

l'rotal longth vas measured from the tip of the snout to the tip
of the dorsoventrally compressed caudal fin.

2Standard langth was measured from the tip of ths anout to the

structural base of the caudal fin as determined by flexing the caudal
fin to locata the base.



outlinad by Sueed (1951). The spine was gasped with a pair of pliers,
pulled outvard to loosen ths joint, and then rotated in a clockwise
direction. Thes spines wvers removed free of practically all tissus
except a thin layer of aldn,

2in-rxx Sgpplag
With salssars the ccmplete pelvic £in and the darsal one-third
of the caudal fin vere removed fram the fish, Ths caudal fin was out

desp anough to inalude the bass of the fin. Since this deep eut caused
sevare matilatioa, it is doubtful if the candal fin can be utilized in

age and grovth studies without destrusticn of the fish., The pelvie
fin was cut flush against the body and appmremtly caussd little injury.
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LABCRATCRY PRCCEDUHES

Vertotraoe

Direct obsarvation upoa ths faces of the camtra of the verte-
btrao wvas attamptad but proved to be difficult dus to ths drisd material
adharing to them. More satiafactory results were obtaisad by ramoving
this adharant matarial in a digestive salutior prior to aging. The
vartabras wers clsansd by a paricd of insubation in a digsstive solution
campoged of 0.4 percant Rydecohlaric acid and 0.7 percent pepsin, as
suggested by Appalget ard Smith (1951). Bach of the specimans vas
placed in a vial oontaining 10 milliliters of solution and incubated
at 37 degress cantigreds far 24 bhours. This procedurs remcved all
traces of the edharent material and, without further treatmsnt, the
annuli cculd be read directly. It was moted that vertebrae from froshly
killed f£ish raquirsd a longer psriod of time in the incubator to re-
move the adhareat matarial.

Aftar cleaning, the vertabrae were studied undar a low power
dissecting microscope at a magnifiocation of 13 diamsters. Ths verte-
brae were placed in a vire clamp and arrenged so as to tring the ventral
field of the centrum into view from ita camter to its odge. A drop
of xylol added to the vertabra helped to roveal the yaarmarks. Figure
2 ahovs a vartsbra as it appears undar the binocular microscope after

the clsaning procsaa. Msasmreumants betwsen yearmarks were made with
the aid of an ocular micrometer along the lins A - B projscted fram

the cemtar alonz the ventral eurface to tha edge of the cemtrum (Figure 2).




Figure 2. — Photograph of the fifth vertebra of the black bull=-
head. 4 - B, line along which vertebra was measured; C, position where
measurement was begun; E, edge of spine; L, lumen of vertebra; I, II,
III, yearmarks,



Pactoral Spines
The pectoral spines wers imbedded in celloidin and sectioned,
with a fine-toothed jeweler®'s saw, just above the deep groove on the
baas of the spine. The sections wers then placed in a drop of xylol
and aged by counting the growth rings eeen with the aid of the dis-
sevting microscope. The spine was not included in the study except
as a check in the setablishment of the locations of yearmarks.

Fin Ray

In an attempt to discover a feasible mathod of preparing soft
£in rays for age and growth detarmination, several methods were tested.
Sams of the methods adapted for use on the bomy atructures that were
attampted includs imbedding the fins in paraffin then sectioning them
to various thicknesses (5, 10, and 15 microns) with a mlcrotoms,
softening ths fins with one and four psrcont potassium hydroxide
solution prior to imbedding in paraffin, and imbadding the fins in
celloidin then sectioning with a fine~toothzd jsweler?s frot sav.

The results obtained, excapt for those of fin rays imbedded in
celloidin, were negative. The fins upon ssctioning with a microtoms
tore loose from the imbsdding material regardless of the width of
saction used or the prior softening with potassium hydroxida. The
sections imbedded in ¢slloidin were completely mutilated by the jewel-
er'!s fret saw, but asctioning by hand with a amall umounted microtoms
blade provided usable sections. There ars two disadvantages apparent
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in this method: the amount of time cansumed in preparation prior to
sectioning and the nscossity of ramoving the calloidin bafore aging
since it obscures the outer edge of the section.

Ths tachnique £inally adopted vas to section ugtreatad fins
by band wvith a small microtoms blsde or rasar-dlade. The rogsults ob-
tainad by this method proved just as acourate as thoss obtained from
imbedding in celloidin. In the proceas of sectioning, the fins vere
held doum with the thumb while the index fimger was used to guids the
blade in cutting. Ko preparation of the fin was nsceassary, since the
wadmtuaréhemtogatharbymdriedmmeaxﬂslm.
Ths sections vere made as closs to the base of the fin as posasible,
and care vas takan to insure that tho section was made at right angles
to the fin raya. It vas foumd that the sactions must bs meds thin
enough to ahow good differential transparerxy. A ssction batween 0.5
and 1.0 millimeters thick vas easily read and was not difficult to
obtain by bamd ssctioning. Several sactions were cut from the fin
and placed on a glass alida. A drop of xylol was added to help dis-
tinguish yearwmarks and a drop of balsam was used a3 a mounting mediim
to pregerve the specimen.

Detarmination of the yearmarks was made with a campound micro-
acope using 140 X mmgnification., Meaguremsnts betwsen yearmarks ware
made with the aid of an ocular miarametar along the lime A - B projec~
ted fran the inner margin of the sestion through the wideat portion of
the geotion (Figure 3).

Grovth rings on a section of the fin ray appear as vide light-



Figure 3. -- Photograph of a section of the pelvic fin of the
black bulihead. A - B, iline along which the fin was measured; C, po-
sition where measurement was begun; E, edge of fin; I, II, III, year-
marks,
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colored bands interrupted by narrowver dari-colored bands., Ths dark-
colared bands are winter-marks and the distance from the outar margin
of ome to the outsr margin of the next repressent annmal growth, The
inner margin of the fin was difficult to detearmins on sections not
aade close.t.o the bage., Tha area betwsen the second and third year®s
grovth must also be axamined carefully as the difference in color 1s
vary alight and easily overlocks.
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RESULTS

The mathod of determining age from the vertebrae bad been ac-
cepted as reliable (Forasy, 1955); thersfare, a comparison of the age
and grovth determinations obtainad from the fin-ray esctions with those
obtainsd frca the vartetrae ahould be an indication of the validity of
the fin-ray method.

In an attempt to establish a carralation between the two metheds,
the results from each method wers treated in various ways: (1) by
calculating the length at each pradstermined yearmark, (2) by totaling
the grovth during the successive years, (3) by detarmining the absolute’
grovth for each age group, and (4) by calculating the anmmal increment
of growth (Tables 1, 2, and 3).

These samo tables illustrate the results determinsd from the
specimans obtained from each of the thres lales for both the vertsbrae
and the fin-ray methoda. With the measurements placed side by side
the corralation, or the variance in some cases, bastween the two methods
can be readily obssrved.

The absolute growth and the annual inocrement of grcwth from each
of the lakes are preseated graphically in Piguraes 4, 5, 6, and 7. The
results of the fin-ray method and the vartebra method for sach lake
were placed on the same graph to better illustrate the degrss of corre-
lation or variation attained.

) 3Absolute growth is the average total size at each age (lLagler,
195%).
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Tabls 1. Growth ecalculations by fin-rqy and vertebra method for black
bullheads; Lake Darling, North Dakota 1957.

Age length at _M&MM&%

Group Capture ___ 11X
Fin__ Vert, Fin m_gm_g_m._m_\m
I (nonse)
II 4.5 1.7 19 3.8 3.2
Ix 7.4 1.8 2.5 3.7 4.9 6.2 6.2
706 207 109 5.‘ 3-8 607 5.7
8.1 2.5 2.4 5.1 5.7 7.1 1.2
8.3 2.6 2.8 4.8 5.2 6.6 6.9
803 2.2 108 505 5.2 702 700
8.4 2,6 2.5 4.9 55 7.1 7.
8.5 24 1.8 6,5 49 7.7 1.2
8.6 19 2.0 4.9 43 7.5 7.0
8.6 2.9 2.2 4.8 4.3 7.6 6.9
8.6 1.9 2.0 5.7 4.3 7.6 7.0
8.7 1.9 2,2 4.8 6.1 7.2 7.8
8.7 2.9 2.1 ‘08 4.1 7.2 6.2
9.0 2,2 2.6 5.1 4.7 7.9 69
9.0 2.4 2.2 49 4.5 1.4 6.8
9.0 2.4 2,6 5.3 51 7.8 6.9
9.1 23 23 5.3 49 7.6 7.2
9.1 3.0 2.6 6.1 4.3 7.6 6.9
9.2 2.6 19 4.6 4.6 7.7 6.9
9.2 31 2.3 6. 4.6 7.7 649
9.2 2.8 19 5.1 4.6 7.8 7.7
9.2 2,6 2.0 6.6 4.6 7.9 6.9
9.3 2.1 2.3 5.2 4.6 7.8 1.4
9.3 2.4 2.4 6.2 4.5 8.4 6.5
9.4 2.7 2,0 6.0 5.3 8.7 7.8
9.4 2.4 2.0 5.2 4.7 8.0 7.4
9.4 2.5 2,6 5.1 5.6 7.9 7.7
9.4 2.2 2.0 6.4 5.1 8.3 7.4
9.5 28 19 5.6 5.3 7.8 8.0
9.5 2.6 18 5.3 49 7.9 7.0
9.6 2,6 2.4 5.2 5.6 7.8 8.0
9.6 24 2.2 6.6 6.1 8.4 7.8
906 302 2.5 604 5.7 8.0 7.8
9.8 2.3 2,6 5.3 51 7.5 1.7
v 10.1 2.8 2.0 6.4 3.4 7.8 5.1 9.2 8.1
u00 303 301 507 5.1 8.1 704 10.0 9.4
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Table 1. (cont.)

Age Langth at
Capture

_m_m_m.zg__em_ge_mt

IV (cont.) 1l.4 3.0 5.7 6.8 8,3 9.1 9.8 10.6

3.1
1l.4 3.4 3.3 6.7 59 8.7 9.2 10.1 10.3
11.4 2.7 2.8 6.0 5.9 8.1 8.3 10.3 10.4
12.0 3.1 2.8 6.8 4.9 8.9 7.4 10.4 10.2
12.2 2.1 2.0 59 4.9 9.3 7.3 1l1.4 1l0.2
12.2 2.4 2.6 6.1 5.9 8.0 7.8 908 1007
12.4 3.6 2.8 5.6 69 7.9 9.6 10.2 11.4
Grand
Totals 40"2 1101 9906 237.2 21506 32607 308.0 91.2 9103
Averaege
lm 904 2.6 203 5'5 500 7.9 703 1001 1001
Incremants

of M 2.6 2.3 3.0 2.7 2.3 2.3 24 2.8
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Table 2. Growth aalculations by fin-ray and vertebra method for black
bullheads, Lake dshtubula, North Dakota, 1957.

Age Langth at  _Caglculated lensth at each yearmark (inches)
Group Capture D ¢ 11 IIL —dX
—_—eeeeee e k20 Vort. Fip Vert. Fin Vert. Fin Vert.

1 (zone)

II (zone) ' .

I 7.5 1.8 1.9 5.3 4.7 6.6 6.6
7.5 2.7 3.0 54 5.2 6.5 6.4
7.5 19 2.6 5.0 5.4 6.2 6.2
7.6 2.0 2.5 4.2 4.8 6.8 6.8
2.7 1.6 2.7 5.0 4.5 6.6 6.3
7.7 2.0 2.4 4.6 4.0 6.2 5.6
7.7 1.6 1.8 5.5 4.5 6.6 6.3
7.7 20 2.0 5.1 4.8 6.7 6.5
7.7 2.2 17 5.5 4.3 6.6 6.0
8.0 1.6 108 5.3 3.6 6.9 5.0
8.0 19 2.0 5.2 4.8 7.0 6.8
8.0 3h 19 5.1 46 6.9 6.9
8.0 19 2.8 4.2 5.6 6.6 7.0
8.1 24 23 3.7 5.4 6.0 6.9
8.1 1.8 2.8 3.3 49 6.6 7.0
8.1 19 2.2 56 50 6.8 6.8
8.1 20 20 50 4.8 7.0 7.0
8.2 19 2.5 5.3 49 7.2 6.6
8.2 l.2 3.0 53 6.0 7.0 7.0
8.2 2.2 2.4 55 3.7 7.7 5.2
8.2 2.2 2.6 6.0 54 7.0 6.7
8.2 2.3 2.8 41 45 7.3 6.3
8.2 2.9 2.0 4.3 5.0 700 606
8.2 2.5 2.2 5.7 5.2 6.9 7.4
8.2 2.3 1.8 5.3 4.0 7.0 6.4
802 2.7 2.6 406 5.6 604‘ 6.9
802 3.0 202 4.8 5.2 6.5 609
8.2 25 2.3 5.7 4.1 6.9 6.8
8.3 2.2 2.0 5.5 4.4 6.6 5.9
8.3 2.2 3.0 55 4.7 7.2 6.
8.3 204 205 509 ‘02 701 6.2
8.3 2.9 2.5 4.9 4.6 7.3 6.6
8.3 2.8 26 4.6 57 6.9 170
8.5 3.0 3.5 4.4 58 7.8 7.2
8.6 20 3.0 53 55 7.3 7.0
8.6 2.2 1.8 59 4.5 7.8 6.8
8.7 32 3.2 50 5.0 6.9 6.9
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Table 2. (emo)

ige Length at  _Calgulpted length ab each vearmark (inches)
Group Capture i I IIT N
Fin Vart, Fln Vert, Fin Vert, Fin Vert,
III (cont.) 8.7 2.5 2.6 6.2 4.8 7.5 1.0
900 208 303 606 509 805 702
9.0 1.9 2.7 5.8 5.0 7.7 7.2
900 206 206 ‘.7 503 7.3 7.1
9.0 3.9 3.2 6.3 5.4 7.8 7.2
9.1 2.4 24 6.0 59 7.9 7.5
9.1 2.8 2.7 6.3 5.0 7.7 6.8
9.1 2.0 2.5 5.0 5.3 7.9 7.4
9.2 2'0 3.3 5'1 509 707 70‘
9.2 3.2 33 55 59 T4 1.7
9.2 3.5 2:2 5.4 4.4 8.0 7.5
9.2 2.2 3.2 45 5.6 7.4 1.6
9.3 3.1 2.1 6.2 4.2 8.0 7.2
9.3 2.5 2.1 6.2 4.2 8.0 63
9.3 2.7 2.5 4.8 5.5 7.8 1.6
90‘ 205 300 609 503 80‘ 701
9.5 1.9 2.6 4.8 6.6 8.0 8.0
9.6 27 19 69 3.5 8.5 6.7
9.6 3.6 2.5 5.7 5.0 835 8.6
9.7 2.2 3.1 6.7 6.2 8.2 8.2
19.0 2.6 3.0 5.8 5.7 9.0 8.3
Czrand
Totals 493.6 139.9 145.8 303.0 233.6 421.7 398.3
Avarage
length 8.5 2.4 2.5 5.3 5.0 7.3 6.9
Incroments

of growth 2.4 2,5 2.9 2.5 2.0 1.9




Tabls 3. Growth calculations by fin-ray and vertebtra method for black
bullheads, Beart Butto Reservoir, Horth Dalkota, 1957.

Ago Length at ,mmgm_mm%:&.mlml_
nga;imé&——%—m_&&_&_m

I 4.3 1.7 1.8
Lo 2.2 2.4
46 2.0 2.4
II 5.0 1.4 15 34 35
5.3 2.0 1.3 4.0 3.5
5.3 1.8 2.4 3.5 3.5
5.4 1.7 1.5 4.0 3.4
5.5 2.4 16 4T 44
5.6 1.3 1.3 43 3.0
5.6 2.0 2.3 41 4.2
601 2.‘ 1.7 ‘.3 3.9
6.1 2.0 1.7 4.6 39
6.1 2.5 1.7 4.6 3.5
6.2 2.5 2.2 5.0 4.5
6.3 2.1 21 49 47
6.7 2.1 19 4.6 4.3
11 7.6 2.1 2.0 4.8 3.6 6.2 5.6
8.4 1.8 21 4.8 5.5 6.6 7.1
8.7 1.7 24 52 52 7.0 7.3
9.5 24 24 6.3 5.1 7.9 6.7
9.6 1.8 2.6 4.6 5.4 6.8 7.7
10.1 2.8 3.0 69 5.7 8.5 179
10.2 2.3 2.3 5.6 4.6 7.9 7.9
v 10.3 2.6 2.3 5.7 4.2 7.7 6.3 9.3 9.2
10.4 2.0 2.0 4.4 3.9 6.9 6.8 8.4 8.8
1004' 201 302 505 5.7 706 802 9.0 907
Grand
Totals 18308 5307 5‘01 109.8 9902 73.1 n.7 26.7 1.7
Avarage
lemb 7.6 2.1 2.1 4'8 ‘-3 703 7.2 8-9 9.2
Incramants

of growth— 2.1 2.1 2.7 2.2 2.5 29 1.6 2.0
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Figure 4. — Annual increments of growth, calculated from the

£in ray msthod and the vertebrae method, North Dakota, 1957.
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each method. Lake Darling, North Dakota, 1957.



12 12

®
£ I
ger 8
£
¥ —
>
e
4L o
3 ‘I— Range of 4
age groups
— Fin-ray
--=-Verlebra
0 1 1 1 L 0

\ n nm \Y
Age Groups
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each method. Lake Ashtubula, North Dakota, 1957.
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Regression lines and correlation coefficient factors wers cal-
culated from the results obtained from the specimsns fram each of the
three lakes, following the mathods presented by Goulden (1952) and
Sneed (1951). The regression lines wers plotted to determine the re-
lationahip bstween the fin rays and the vartebrae (Figures 8, 9, and 10),
and also relationships between the length of fish and the radius of
the fin-ray section at the time of capture (Figures 11, 12, and 13).
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Figure 8. — Relationship between calculated lengths from the
fin ray method and the vertebrae method. Lake Darling, North Dakota,

1957.
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Figure 11, -- Relationship between length of fish at capture and
the radius of the fin ray section. Lake Darling, North Dakota, 1957.
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DISCUSSIOH

The results obtainad fram the camputations indicate that the
rolationship Leotveen the vartetra and fio-rzy methods is highly aig-
nificant, For axampla, it 1s evidaast in Tables 1 and 3 that tho lengths
at the and of various years of life, calculated from the fin ray msasure-
mants, shov vary good agreament vith ths carrospanding empirical langth
of younger fishea et time of capture. This i3 cme of the criteria for
validation of yearmarks (lagler, 1956) and coafirms the assumption that
the obsarved marka on the fin ray are true yearmarks,

The relationship betwvoen the two methods 1a also ahowm in Pigures
4y 5, 6, and 7 vhare the absolute growth and the annual incromeats of
growth are plotted. The absolute grovth for the fin-ray method tends
to average samavhat higher than the vertelra msthoed (Pigures 5, 6, and 7),
tat the range of the sge-groupe as indicatsd is appraximately the asams
for both methods, All of the msasuwremants foar absolute grovth follow
ths sams pattern vhen graphed and show olose agresment. It was found
that up to the secand ysar of life there 1s an increass in the growth
{nareaant with a steady dscrease in following years (Figure 4). The
grovth incremant folloved this pattern for both the vertsbra and the
fin-ray msthod with only two exveptions, age-group IV in lake Darling
and ago-group III in Heart Butte Reservoir. Thuse axoeptiocna are pro-
bahly dus to the emall aamples availabls for study. It is evident
that emasoamats fran £in raya are mora cansisteat while those from
the vertotwra tend 0 be eparedioc and less predistahle,



The correlation coefficients obtainad fram the comparison of
growth calculated froa fin-ray and vertsbra methods are as follows:
Lake Ashtubula, 0.919; Lake Darling, 0.968; and Heart Butte Reservoir,
0.964., As corrslation is a measure of the degree of relationship be-
tweon tvo variables having a cammon background or association, and,
as a correlation coefficient of 1.00 indicates perfact correlation,
the degree of correlation obtainsd in this problem indicates that the
fin-ray methoed of aging is highly raliable for all practical purposes
and may have application in age and growth studies. Ths relationship
betwesn the measuremants of the age groups and the predicted regression
line (Figures 8, 9, and 10) substantiates the calculated correlation.
Ths majority of the points lie in close praximity to the regression
line; the few that scatter are probably dus either to minor erroras in
peasurazant or the variations of the individuala.

A camparison of the relationship betwsan the length of the fish
and the radius of the fin ray at time of capture does not indicate
a high degree of correlation (Pigures 11, 12, and 13). The intercepts
for the three sets of data vary considerably and the points plotted
have a tandency to scatter.

The variance in intercspts and the lesser degree of correlation
betwesn the predicted regresaion line and the points plotted are pro=
bably dus to the method of seotioning the finas. The fin rays in the
anterior portion of the fin are larger than those in the posterior
partion; therefore, a measuremsat from a section of a fin ray from
the anterior portion results in a larger radius. The fin is also larger
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at ths base and the diametsr of the fin ray dascreases as it gzrows out-
vard; beaco, a megourement from a ssction at ths base of thas fin results
in a larger radius. As more than one seoticn from each fin was utilised
for aging it vas not possible to age each fish from the sams location
on the fin,

It 18 roalized that no final dsetarzminaticns can bs made from
Jjust cne yearts study; but, from the results obtaibed throughout the
study, it 18 believed that the problem wvarrants further study and con-
sideration. From a practical and scannmic etandpoint, the use of the
pelvic f£in in age and growvth studies of bullheads would have greater
application for the fiahery biologist than existing methods.
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SUMMARY

This problem wae directed toward determining ths usefulness of
soft f£in rays in age and growth studies of the black bullhsad. Validity
of the exporimental method was attampted by camparing results obtained
from age and growth determinations of the fin-ray method with results
from a cammonly accepted method,

Collection of specimans was made during the summer of 1957 from
three North Dakota lakes. Specimsns were obtained from ccmsrcial
fishermen and with the use of fyke-nets and pocket-nsts.

Mathods of praparing fin rays and vertebras for aging were ex=-
plored. Ths fin-ray method appears to overcome some disadvantages
connacted with present methods.

Results indicate that the fin-ray method as determiped from
pelvic fin studies is highly reliable and applicable to age and growth
research. Correlation obtainsd betwsen tho fin-ray and vertebra methods
was 0,919 or over in all samples.
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