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PREFACE

This Manual brings together knowledge concerning fish ageing which
has accumulated in Alberta over the past twenty years or so. Our goal
in agsembling this knowledge was to produce a succinct, "how to” guide
to ageing those species of fish which are of wide interest to fisheries
biologists in Alberta. This Manual is written for aquatic resource
managers with technical school, college, or university training in
biology.

It is our intention to update this manual in a few years. We therefore
agk fisheries workers to inform us of developments or improvements in
ageing techniques. High quality photographs of structures used for
ageing, both clear and difficult to "read”, would also be appreciated.

This Manual is the result of a Workshop on Fish Ageing sponsored by
the Fish and Wildlife Division of Alberta Forestry, Lands, and Wildlife
at the Alberta Forestry Training School, Hinton, on September 10 &
11, 1986. The workshop was organized by a Steering Committee
consisting of representatives from: Alberta Fish and Wildlife Divigion
(Doug Lowe, Ken Zelt and Hugh Norris), the private sector (Gary Ash
and Jim O’Neil), and the University of Alberta (Bill Mackay).
Workshop participants were chosen on the basis of their experience in
ageing fish, each participant being responsible for presentation of the
techniques used to age one or more species of fish. A list of the
participants and their affiliation is given below.

Allan, Jim H, Pisces Environmentel Congultants, Red Deer

Agh, Gary R. R.L. & L. Environmental Services Ltd., Edmonton
Berry, David K. Alberta Fish & Wildlife Division, Edmonton
Brilling, Martin K. Alberta Fish & Wildlife Division, Slave Lake
Brown, Dick V. Alberta Fish & Wildlife Divigion, St. Paul

Engligh, Wesley G. Alberta Fich & Wildlife Division, Lathbridge
Fernet, David A. Environmental Management Assoc., Calgary
Herman, Steve J. Alberta Fish & Wildlife Division, Rocky Mtn. House
Hildebrandt, Don J. Alberta Fish & Wildlife Division, Edson

Mackay, W.C. (Bill)

University of Alberta, Edmonton

Norris, Hugh J. Alberia Fish & Wildlife Divigion, 5t. Paul
O’Neil, Jim P. R.L. & L. Environmental Services Litd., Edmonten
Rhude, Lacry A, Alberta Fish & Wildlife Division, Rocky Mtr. House

Schroeder, Don G.

Alberta Fish & Wildlife Division, Peace River
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Smiley, Kevin L. Alberta Environmental Centre, Vegreville
Sosiak, Al Alberta Fish & Wildlife Division, Calgary
Stelfox, Jim D, Alberta Fish & Wildlife Division, Calgary

Sterling, George L. Alberta Fish & Wildlife Division, Edson
Walker, R. George Alberta Fish & Wildlife Division, St. Paul

Watters, Daryl V. Alberta Fish & Wildlife Division, Edmonion
Wilde, Gerry Alberta Forestry Training School, Hinton
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| CHAPTER1 I

INTRODUCTION

Fisheries management in Alberta has developed rapidly over the past
twenty years. The data being collected today will serve as a bench
mark in the future. It is important, therefore, that these data be
gathered, stored, and reported in ways which facilitate their use by
fisheries biologists other than those who collected them. Anyone who
has attempted to compare data from different sources in the provinee is
struck with the multiplicity of ways in which the data have been
gathered and reported. We attempt to alleviate this problem.

The management of fish populations depends on accurate knowledge
concerning the growth rate of fish in the population. Without accurate
knowledge of the annual production of fish, it is impossible te estimate
the sustainable harvest that a population will support. Thus the focus
of this manual is the accurate determination of the age of fish species
which are found in Alberta.

This manual consists of three parts. The first part, Chapters 2 through
5, deal with general issues pertaining to ageing fish. These include
standardization of how data are reported, the use of data in
mathematical models to characterize growth of fish from different
populations, general approaches te ageing fish, and a consideration of

- eriteria for the validation of an ageing technique. The second part,

Chapter 6, consists of a discussion of ageing techniques for individual
species. The third part, Chapter 7, is a general account of the use of
different structures for ageing fish.

Before any samples are collected, both Chapters 6 and 7 should be
consulted -- Chapter 6 to decide what structure will be used to age the
species of interest, and Chapter 7 to identify critical aspects concerning
handling and storage of that structure. In addition Chapter 2 should
be consulted to decide what data you will obtain and how you will
record those data. The technique used to age fish must be validated for
the population being studied so Chapter 5 should also be consulted
before you go to the field to collect specimens.

FISH AGEING MANUAL
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l CHAPTER 2 I

STANDARDS FOR REPORTING DATA ON
AGE AND SIZE OF FISH

A rationale can be developed for a wide range of standards with regard
to measurements made and units used for reporting data on fish age
and growth. The standards suggested here were chosen on the basis of
using SI (metric) units, and minimization of the potential for error or
systematic variation between investigators.

Fish Species Names and Abbreviations

The common and Latin species names used follow the standards set by
the American Fisheries Society (1980) and Kendall (1988). The species
found in Alberta are listed in Table 1.

The assignment of standard abbreviations for fish species in the
province generated considerable controversy. This is not surprising
congidering some of the common literal abbreviations in use. For
example: ARGR for Arctic grayling used the first two letters of each
word. MTWF for mountain whitefish used the first letter of each
syllable. RBTR for rainbow irout used a combination of the previous
two methods. LKCH for lake chub and TRPR for trout perch is a
different system again and it is reversed just between these two
species.

Lack of a consistent system of abbreviations means that workers have
to memorize each individual abbreviation rather than learning a
single system. After evaluation of four different systems, the following
one was judged easiest to use and resulted in the fewest conflicts for
fish found in Alberta. It is recommended for use in all future fisheries
work done in Alberta.

Page 2
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The system recommended is based on the following four simple rules:

a) use four letter base abbreviation
b) one word name - use the first four letters
e.g., GOLD for goldeye
¢} two word names - use the first letter in each word plus the
next consonant in each word.
e.g., ARGR for Arctic grayling
LKWH for lake whitefish and
WHSC for white sucker
d) three word names - use the first letter in the first. two words
and the first letter and next consonant in the last word
e.g., NRDC for northern redbelly dace

Using the above system the only four letter conflict that occurred was
BRTR for both brook and brown trout. These were arbitrarily sorted as
BKTR for brook trout and BNTR for brown trout. Table 1 lists the
Alberta fish species and recommended abbreviations.

Data Collection and Reporting

*The Fishes of Alberta” by Paetz and Nelson (1970) will give you a
good idea of which species you should expect in the field. When field
samples are collected it is important to make as complete and
unambiguous a record as possible. For each specimen collected the
following information should be included: sample number, species
designation, location of collection (name or code for water body and
location, i.e., Section, Township, Range, Meridian), date of collection
(year, month, day), and sex/maturity. These data also should be
included in any computer record or report which is produced of the
collection. To avoid ambiguity, species, location, and date of collection
must be included with all copies or summaries of the data. The species
designation should use the standard abbreviation or full name for the
species listed in Table 1. Data should be recorded in a standard format.
Two examples for field data recording are shown in Tables 2 and 3.
The preferred computer format is shown in Table 4, and the preferred
data summary is shown in Table 5.

FISH AGEING MANUAL
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Tablel. Common and scientific names of Alberta fish species, and
recommended species abbreviations.

Species
Common Name Scientific Name Abbreviations
Family Petromyzontidae
Arctic lamprey Lampetra japenica (Martens) ARLM
Family Acipenseridae
take sturgeon Acipenser fulvescens Rafinesque LKST
Family Salmonidae
Arctic grayling Thymallus arcticus (Pallas) ARGR
cisco, lake herring Coregonus artedii Lesueur CISC
shortjaw cisco C. zenithicus (Jordan and Evermann) SHCS
lake whitsfish C. elupeaformis (Mitchill) LKWH
mountain whitefish Prosopium williamsgoni (Girard) MNWH
lake trout Salvelinus namaycush (Walbaum) LKTR
buldl trout 8. confluentus (Suckley) BLTR
brook trout 8. fortinalis (Mitchill) BKTR
brown trout Salmo trutia Linnaeus BNTR
cutthroat trout tQncorhynchus clarki (Richardson) CTTR
rainbow trout Y0, mykiss (Walbaum)* RNTR
golden trout 10. aguabonita Jordan GLTR
Family Eaocidae
northern pike Egox lucius Linnaeus NRPK
Family Hiodontidae
goldeye Hiodon alosoides (Rafinesque} GOLD
mocneye H. tergisus Lesueur MOON
Family Cyprinidae
longnoss dace Rhinichthys cataraciae (Valenciennes) LNDC
flathead chub Hybopsis gracilis (Richardaon) FLCH
lake chub Couesiue plumbeus (Agassiz) LKCH
pearl dace Semotilus margarita (Cope) PRDC
northern squawfish Peychocheilus oregonensis (Richardson) NRSQ
redside ghiner Richardsoniug balteatus (Richardson) RDSH
northern redbelly dace Phoxinus eos (Cope) NRDC
finescale dace Chrosomus neagacus Cope FNDC
fathead minnow Pimephales pramelas Rafinesque FTMN
emerald shiner Notropis atherinoides Rafinesque EMSH

*formerly Salmo gairdneri
tormerly Salmo
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Tablel. Cont'd.

Species
Common Name Scientific Name Abbreviations

river shiner Notropis blenniug (Girerd) RVSH

spotiail shiner N. hudsonius (Clinton) SPSH

brassy minnow Hybognathus hankirsoni Hubbs BRMN

silvery minnow H. nuchalis Agassiz SLMN
Family Catostomidae

quillhack Carpiodes cyprinus {Lesueur) QUIL

gilver redhorse Mozostoma anisurum (Rafinesgue) SLRD

shorthead redhorse M. macrolepidotum (Lesueur) SHRD

longnose sucker Catostomus catostomus (Forster) LNSC

white sucker C. commersoni (Lacepéde) WHSC

largescale sucker C. macrocheilus Girard ERSC

mountain sucker C. platyrkynchus (Cope) MNSC
Family Ictaluridae .

atonecat Noturus flavus Rafinesgue STON
Family Gadidae

burbot Laota lota (Linnaeus) BURB
Family Percopsidae

trout-perch Percopais omiscomayecus (Walhaum) TRPR
Family Gasterosteidae

brook stickleback Culaea inconstans (Kirtland) BRST

ninespine stickleback Pungitius pungitivs (Linnaeus) NNST

threespine stickleback Gasterosteus aculeatus Linnaeus THST
Family Centrarchidae

amallmouth bass Micropterus dolomieui Lacepade SMBS
Family Percidae

Iowa darter Etheostoma exile (Girard) IWDR

yellow perch Perca flavescens (Mitchill) YLPR

sanger Stizostedion canadense (Smith) SAUG

walleye 8. vitreum vitreum (Mitchill) WALL

lagperch Percina caprodes (Rafinesque) LGPR
Family Cottidas

shorthead sculpin® Cottus confusus Bailey and Bond SHSC

slimy sculpin C. cognaius Richardson SLSC

spoonhead sculpin C. ricei (Nelaon) SPSC

prickly sculpin C. asper Richardson PRSC

deepwater sculpin Myaxocephalus thompsoni (Gerard) DPSC

*previously misidentified as mottled sculpin (see Roberts 1988, 1989).
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Table2. Example of data form currently used hy Alberta Fish
and Wildlife Division for recording data in the field.

Abera SAMPLE RECORD CARD

ENERGY AND
KATURAL RESOURCES

tmmature 3 6
Maturing 7

Fish and Wildlite Division

Loke or Stream Date

Species Time
Mesh Size Depth of Set
Location of Set

Mature 8

Ripe g

[T IF S (PR O

Spent 10 Sempls Record,

FORK
LENGTH WEIGHT
SAMPLE

MARKS
NUMBER REMA

NUMBER

inch. (O |z =]
Mn. 0O |Bms. O

AGE
MATURITY
CYST COUNT

2l [~ o |v|e|wola

]
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Table 3.

Example of data form currently used by R.L. & L.
Environmental Services Lid. for recording data in the
field.

. - -
Fish Sample Record R.L. & L. Environmental Services Ltd.
Sampla | Species | Length |  Weight 5:‘ Gonad | A9 GaPl{pr;th Tag { Data L::,:r Site gi] Gomments
No. | Code | (mm) ) Mat | WE_(g) | Age | Meeh | Menn stomiony cw‘\'w- Dar| Mame | Location [¥|2

0 L] [T ] F3 7 & W oy E3 —
[N T T T T A A I A T W 11 I {14 T S U I A Y O S B A | N N U 0 S T T I A O
Ny [ T O I T N Lyl O I A TN T U IR I I Y T A T T T T T G I I I WY
L N S R Ll 1 [ TN T O T O O TN S T T Y Y Y Y O Y
_5|||||1 S B Ll J [ YN T T Y T Y A PN 0 I T O Y O A
ol S T O O 0 S 0 B L1 1 [ TN T T Y 0 T A O R T T O S O
3 I O T TN T T O [l ] L 1 TN T O S IR I O Y A | TS O Y 1 O I O
LI I O B A A 3 1 [ T O O T Y T O A B TSN N U O ) Y
L W DI T W B TS A Ll ! L]t [N U, T O O Y O A | TN TS O O T Y S O T
L T O TETTH O Lyt 1 [ TN TN T T A VN T 0 A TSN T Y U OOV B VI
'lLl\lIllIilI [ | L [ | | T Y B | | R O T | OO N T O T T Y |
‘_DIIIIIL\W\L\I 1311 1 | 1 1 A A T N A I 1NN T T T N N N N O U s v
A BT I I A Ll 1 L] YT T Y O Y BT NN T T I O 0
I T A A A A Ll i [ T T T Y Y O S S N TSN N T S O Y o |
|=III\&IIIIIII 1111 1 L1 1 | N I TS O o I | | T S | | [ N T Tt gy |
] I N O T Y U Y Y O S L 1 L1 [ O T Y Y RN GGG 0 Y D O O D S |
L I T T O O T ) Ll 1 [ | NI I T B A I O YU T T T A I
L3I S I Y D L1 L1l ! Lt TN T T N O W I AT TN T I W O O U
LT OV T D O Y I I Ll 1 1] TN N T T T O O O I SRV T T S S 2 Y W
Bl N T N O T I [ I L L1 TN T T T ST O I I N N T O O O O
b I OV S T O S Ll 1 i ST Y N O T T Y TN T O T O O I T
L I I I A I A A [ 1 [ TN TN S T Y o PRI OOV Y O S O 1 Y
Ml el bl [ | 11 I S I T Y Y | TN 0 O T T T O O Y T
z I S O B A | L1l Lyt | 11 1 O N N T T Y ) I | N T O O A S B | Y |
Bl v I 1 11 [T AR A I AU TR I R A I U B B U W T O O O
G NI T S W [ | 11 N T UV I A A A I N IR Y T S O A O
Blaaa b bl Pl 1 Ll TR T T Y Y TN TN T T T T U A O 0 B O

Recorder ProjectNo.
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Table4. Fisheries Computer Use Guidelines

1

2)
3)

4)

5)

All standard fish data (weight, length, age, sex, etc.) should be entered in columns

using LOTUS 1-2-3, dBASE, or another spread sheet program that is readable in ASCII
format.

Store a copy of the data on disks, not on hard drive. Make a hard copy of all data.

Descriptive statistics (means, variances, frequency distributions) can be done on
LOTUS or dBASE. Use SPSS or other statistical software for comparative tests (¢-tests,
non-parametric tests, ete.).

Include an appendix in reports that is a floppy disk with the raw data. Asa minimum,
this should be attached to your library copy of the report. Make sure your data are
properly documented so they can be accessed by others.

Make backup copies of all your software and data on a regular basis (monthly or weekly

if using heavily). Practice restoring data to make sure your backup is functioning
correctly.

Page8

FISH AGEING MANUAL



Table 5. Age-Growth Data Summary Sheet.

Speciea Method of Ageing
Lake/Stream Ageing done by Date
Data Source Length-Weight Relationship: (Year Month Day)
Sample Date Logy o Weight = Log;q Length -
(Day Month  TYear) or Weight = Length to the power
N = , =
Mean
Length
% () Mean
of Fork [ Weight

Year-class|Age| N |Sample ] Total O Range S.E. ®) Range S.E.

0

i

2

3

4

5

[

7

8

a

10

11

12

13

14

15

Comments: oll ages standardized to a 1 January birthdate,

FISH AGEING MANUAL
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Measurement of Length

® Standard measurement: FORK LENGTH

® Standard unit:

MILLIMETRE {abbreviation - mm)}

The standard measurement of length will be fork length (Figure 1) for
all species except burbot, sculpins, sticklebacks and darters which do
not have a fork in their caudal fin. For these species the standard unit
will be total length (Figure 1).

There are three common types of measurement of the whole body
length of fish: fork length, standard length, and maximum or total
length {Anderson and Gutreuter 1983). Each offers some advantage
and some disadvantage (Carlander and Smith 1945).

® Fork Lengih, the measurement most commonly used in
Canada, is the distance from the most anterior point on the
head to the tip of the median cauda! fin rays.

o Standard Length is the length from the tip of the upper jaw to
the posterior end of the hypural bone. This measure is not
recommended for use in Alberta.

® Maximum or Total Length, the most common measure of
length in the United States, is the distance from the most
anterior part of the fish to the tip of the longest caudal fin ray
when the lobes of the caudal fin are compressed dorso-
ventrally so that the caudal fin is at its greatest length.

To compare data with different length measurements it is necessary to
calculate a conversion factor for your data. Measure the fork length
and other length you need to compare, from a sufficient number of fish
(i.e. 30 to 50} so that a relationship between the two measurements can
be derived for the particular population. The mathematical
relationship between the two measures of length should be determined
by doing a least squares linear regression on the pairs of length
measurements collected. A much less desirable alternative is to use
published relatienships (conversion factors) between the two
measurements (e.g., Carlander 1969, 1977); for the most part,
published relationships are derived for populations located
geographically far from Alberta and are likely less accurate for our
populations than conversion factors derived for loeal fish stocks.
Examples of fish length conversion factors that have been derived for

Page 10
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¢ standard length
¢ fork length
total length

Figurel. Three measures of length of fish.
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Alberta fish are provided in Table 6.

Table8. Relationship hetween fork length, total length, and standard length of
some freshwater fish from Alberta.

-Species Location Reference TLto FL SLtoFL
mountain Sheep River Thompson (1974)* FL = 0.814TL FL = 1.087-SL
whitefish
yellow perch | Pine Lake Norris (1984) FL = 0.960 TL.- 0.077 FL =1.133 SL+ 1.754

r=0999 r = 0.999
Mayatan Lake | Mackay (unpubl.) FL = 097 TL-0.41
northern pike | Lac Ste, Anne | Mackay (unpub!.) FL =096 TL-1.02 FL =1.06 SBL+1.17

*recaleulated from Thompson (1974),

Fish should be measured fresh, if possible since drying, freezing and
various preservatives (Leslie and Moore 1986; Theilacker 1980) may
result in shrinkage.

Measurement of Weight

¢ Standard measurement: TOTAL BODY WEIGHT
& Standard unit; GRAM  (abbreviation - g

Fish should be weighed as soon as possible after capture. Excess water
should be removed by blotiting small specimens or allowing water to
drain from large specimens. Snow and ice should be removed from fish
collected in winter. The stomach contents should be removed prior to
weighing. This is particularly important for piscivorous species. Food
in the stomachs of piscivores such as northern pike can be equal to 20%
or more of their body weight; thus, if stomach contents are not

Page12
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| CHAPTER 3 I

MATHEMATICS OF FISH GROWTH

Fish show indeterminate growth, that is, they continue to grow
throughout their lives. This is in contrast to the determinate growth
shown by higher vertebrates such as birds and mammals which reach
some ‘adult size’ and then stop growing. These two types of growth are
shown graphically in Figure 2. In both cases growth is asymptotic,
that is, the rate of growth decreases with increasing age approaching
some maximum value {asymptote) for the individual or population.
The fundamental difference between fish and higher vertebrates such
as mammals is that mammals reach maxiumum size at about the time
of sexual maturity while animals which show indeterminant growth
continue to grow throughout life, their body size approaching some
theoretical asymplote. Therefore, the asymptote is the theoretical
maximum size which one could expect for the population at the
maximum (infinite} age.

From the point of view of fisheries managment, this population
maximum size tells the manager how large fish can be expected to get
in that population. A second number which is useful is the growth
constant, &, which is the rate at which a particular population grows
toward the maximum size for that population. In the section that
follows we will describe techniques for calculating maximum size (Le
value) and the growth constant for fish populations.

Growth of fish aver their lifetime can be best deseribed by a sigmoid or
S-shaped mathematical function; however, the accelerating portion of
growth occurs very early in life, often during the first few weeks.
Figure 3 shows this phase of the growth curve for yellow perch. The
curve starts with the size of the fish at *hatching’ or emergence from
the egg, not at zero. The initial phase of the sigmoid curve is not
apparent in most studies of fish growth because they estimate the size
of the fish starting at age one, the time of formation of the first
annulus. Thus, the accelerating portion of the sigmoid curve is
completely missed and the remaining, decelerating portion of the
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Figure3. Growth of young-of-the-year yellow perch showing sigmoid curve.
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growth curve has the form of a simple exponential function which can
be described by the general equation:

Y = qe®t (1)

where: Y is the size (length or weight) of the fish at time ¢;
a isaconstant characteristie of the population and,
k  is the growth constant for the population.

Mathematical descriptions of fish growth are useful because they allow
fisheries biologists to calculate parameters which are characteristic of
the population being studied; these parameters can be used to compare
different populations of fish. In order to make comparisons accurate,
the populations should all be compared at the same time. The most
appropriate time for such comparison is at the time of annulus
formation; however, since it is unlikely that fish will be collected at the
precise time of annulus formation, their size at this time is determined

indirectly using a technique called back-caiculation (Hile 1950; see
page 21 of this manual).

Mathematical Parameters for
Comparing Populations

Two parameters related to growth rate are of particular interest in
comparing the growth of different fish populations. These are the
maximum size, Le, which is possible for fish in that population and the
rate, k, at which this maximum size is achieved. The L. value
indicates whether the population is stunted; here stunted refers to
populations of fish that do not have the potential to reach the normal
maximum size for the species. It distinguishes between populations
which are not capable of producing large fish (stunted) and those which
never acheive their Ly, because of a short life span. If the L, for a
population of apparently small fish is within the ‘normal range’ for the
species then the population is slow growing; if it is significantly
smaller than the ‘normal range’, then the population is stunted.

Fish grow toward an asymptote; calculation of the asymptote allows
one to predict the theoretical maximum length fish will reach in a
particular population. The rate at which a given population grows
(rate constant for growth) toward the asymptote can also be calculated.
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Walford Plot

The most common technique used to calculate these two parameters is
the Walford plot or the Ford-Walford plot (Ford 1933; Walford 1946).
This is also usefu! for checking the validity of the ageing technique
used. If the growth of a population follows a single mathematical
function, then all the data points should fall on or very near a straight
line, and the y-intercept of the Walford plot should be equal to the
length of fish when they are one year old. The Walford plot is most
useful when growth rates are back-calculated since most fisheries
biologists and technicians are seldom able to collect sufficient one year
old fish for a representative sample.

A Walford plot is simply the relationship of [, the length at age ¢, to the
length, 1,1, the following year. The length at age ¢ is plotted on the x
axis and the length at age ¢ +1 is plotted on the y axis. A straight line
is fitted to the data using a least squares linear regression. The L.
value is calcuated as:

Lo = yintercept/ (1-slope) (2)
The y intercept should be equal to the average length of the fish at age
one. If the y intercept differs significantly from the observed length at
age one, the ageing technique should be reassessed, particularly if all
of the data points in the plot fall on a straight line.

The von Bertalanffy growth coefficient, K, is equal to the negative
natural logarithm of the slope:

K = -€nslope @)
and the age, t,, at size zero can be calculated from the relationship:
t, = (intercept - €n Lo)/K - 1)
Table 7 gives a data set for the length of northern pike at various ages.

Figure 4 shows how these data can be used to calculate Ly, K, and ¢,
for this population.

Two other plots which can be used to determine the L, and growth
constant are the Gulland plot (Gulland 1955) and the Brody plot
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Table 7 Fork length (mm) of northern pike from Lac Ste. Anne.
Age (years) 1 2 3 4 b 6 7
Length (mm) 158 331 426 478 514 543 578
70

Length at (t+1)

10F

Y =19.7+0.68X

| 1 J L

20 30 40 50
Length at t (cm)

60

70

Figure 4. Walford plot of the data from Table 7 for growth of northern pike in
Lac Ste. Anne, The growth coefficient, K, is 0.39 and the L, is 609 mm.
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(Brody 1945). All three methods (Ford-Walford, Gulland and Brody)
assume exponential growth. In order to obtain an L, value, one must
first do a Walford or a Gulland plot, These two plots use the same data
in slightly different ways. The resulting values for Lo, K and ¢, are
slightly different.

The von Bertalanffy growth equation (von Bertalanffy 1938) describes
the asymptotic growth of fish. It has been widely used in fisheries
management (Atlen 1969).

I = Lu{l - expl-K(2-t,)1} (5)

where: [; = lengthataget
Ly,= the asymptote or final maximum size,
K = the rate at which the growth curve approaches the
asymptote, and
{, = a time scaler, the hypothetical time when the fish was
size zero.

Graphical Fitting of the Growth Curve to the
von Bertalanffy Equation

By taking logarithms of equation (5) above, we get:
€n(Leo-l) = (€n Lo + Kt,) - Kt (6)
If you know La, plot £n(Ls - 1) against #; the slope of the regression

equation is equal to -K, and the y intercept is equal to (€n Lo + Ki,).
To calculate £,

1o = (a-en LK (7

Ly can be determined from a Walford plot ([, vs ). The slope of the
Walford plot is e-%,

See Misra (1986) for a method of ecomparing growth curves from
different populations. A methed for fitting growth curves to the von
Bertalanffy equation has been described by Allen (1966).
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Back-Calculation

Back-calculation involves estimating the size {(usually length) of a fish
at the time of formation of each annulus. This is equivalent to
determining the length at each year of age for each fish sampled. This
techinique has several advantages in studies of fish populations:

It allows the biologist to obtain the maximum amount of data from
each fish killed.

It averages growth for each age over many year-classes of fish so
that the data obtained are not for a single age-class as would be the
case if samples were collected in one year and the size at age of
collection were the only data obtained.

The disadvantage, which is relatively minor, is that from a
statistical point of view, the data obtained (i.e., length at each age
for a single fish) are not independent; that is, several data points
are obtained for each fish and these data points are not strictly
independent of one another. Therefore, when one does statistical
tests with the back-calculated data, the degrees of freedom used
are based on the number of fish examined, not the number of
observations (data points).

Back-calculation is done by deriving a mathematical relationship
between size and some linear dimension of the structure used for
ageing the fish. The distance between the origin or focus of the
ageing structure and the margin of the structure is measured for
the population of fish being examined. This distance is plotted
against length for each fish and a 'best fit’ relationship is
determined for the data using a least squares linear regression.
Usually the length of the fish is ploited against distance from
origin to margin of the ageing structure. Theoretically this
relationship will be linear; and hence, a *best fit’ relationship
between the two parameters can be determined using a least
squares linear regression. The relationship between a linear
dimension of the structure used for ageing and the weight of a fish
theoretically is exponential so that a best fit relationship for this
parameter would not be linear.

Once the relationship between fish length and some distance on the
ageing structure has been determined, the length of the fish at the
time of formation of each annulus can be determined from the distance
between the origin of the ageing structure and the annulus using the
equation derived above. All distances must be measured along the
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same plane of all the ageing structures and along the same plane as
that used to determine the relationship between fish length and size of
the ageing structure. A plane should be chosen which is perpendicutar
to the annuli (Figure 5).

The weight of individual fish at any age is much more variable than
the length (Table B); hence, if one wishes to determine mean weight at
a given age, it is most accurate to back-calculate length at that age and
then to calculate weight from a length-weight regression for the
population.

Lee’s Phenomenon

It has long been recognized that there are general relationships
between growth rate and longevity. In general, fast growing
individuals, and fast growing populations have shorter life spans
(higher mortality rates) than slow growing individuals and
populations. Lee (1912) first described this phenomenon for
individuals within a population. He showed that in some populations
the longest lived individuals had significantly slower growth rates
than short lived individuals. Lee’s phenomenon was reviewed hy
Ricker (1975). The implications of Lee’s phenomenon for back-
calculation of growth rate is that if Lee’s phenomeon is present (it is
not present in many populations), then the growth rates determined
from back-calculation will be significantly slower than those for the
population as a whole. The way to test for Lee’s phenomenon in a
population ig to compare the back-calculated length of old individuals
at some early age, two or three years old, to the average length of
individuals at that age from the population. Use a Students’ ¢-test to
statistically test for differences. The population sample may be
difficult to obtain since it should be collected at the time of annulus
formation if the comparison is to be valid. In addition the collection
techniques often used do not result in the capture of large numbers of
young individuals. A less desirable but perhaps more practical
alternative to the above test is to compare the lengths at a given age
(e.g., age 3) back-calculated from younger individuals (say fish aged 4
to 6), to those back-calculated from older fish (e.g., age 7 years or
older).
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nucleus
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a) Cleithrum b) Otolith
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Figure 5. Structures used for back-calculating growth rate of fish.
a) cleithrum
b} otolith
¢} finray
d) secale
Black line on each structure indicates the axis along which distance from origin
of each annulus is measured.
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Table8, Growthinlength and weight of yellow perch from Mink Lake, Alberta.

Age
1 3 3 4 5 8 7 8 9
;r"“: Length 96 128 142 159 183 208 234 239 240
mem +12 +14 420 423  +46  +44 +21 +20 +44
1 8.D.
Total Weight(z) | B.4 208 315 440 721 1043 1380 1446 1463
+ S.D. +32 479 +143 $202 $362 355 +402 +371 1565
N 2 58 77 83 106 117 78 40 9
Standard Deviation as % of Mean
Length 1 8 14 13 28 19 9 8 17
Weight 38 38 4 45 51 35 29 26 39

Mean standard deviation in length = 14.1%.
Mean standard deviation in weight = 38.3%.
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Length-Weight Relationships

For management purposes, it is often useful to compare the condition
or ‘fatness’ of fish in a population to other populations, or to that in
previous years, to assess the state of well-being of the population. Asa
fish population size increases and/or food resources decline, individual
fish become thinner and the ratio of weight to length declines. This
may indicate that the population is being underharvested (e.g.,
commercial fish harvest could be increased) or that some factor is
affecting the food source (e.g., pollution, a major development, etc.).

The relationship between fish length and body weight is curvilinear,
and normally follows the power function:

W = al®

where W = weight, L. = length, and "a’ and *b’ are constants which are
characteristic of the population being examined. The parameter b’
reflects the rotundness of the fish or the rate at which weight increases
for a given increase in length. In general, a value of 'b’ less than 3.0
represents fish becoming less rotund as length increases, and v’
greater than 3.0 represents fish that become more rotund as length
increases. If ‘b’ is equal to 3.0, growth is isometric, meaning that shape
does not change as fish grow.

The parameters ‘a’ and ‘b’ can most easily be calculated by making the
relationship linear using a log , or €n transformation of both length
and weight; thus, the relationship between length and weight
becomes:

log, , W=1log a+blog, L

where log, a is the y-intercept of the regression line, and b is the slope.
These parameters can be estimated from a sample of lengths and
weights from individual fish using a least squares or geometric (GM)
regression technique. Ricker (1975) describes the methodology for the
GM regression technique, and recommends its use. In practice,
however, the least squares technique is most often used since it can be
done easily on most scientific calculators or simple statistical
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programs on a computer. Since differences often exist in the body
weight to length relationship for males and females, the length-weight
regression should be calculated separately for the two sexes. The
relationship also changes throughout the growing season (especially
for females) as gonad weight increases, so care should be taken when
comparing various data sets.

Prior to eonducting a length-weight regression analysis, the length
and weight data (or log, length and log  weight data) should be
plotted in a scatter diagram to spot ‘outliers’. These are values that are
outside the normal scattering of the data points. These values should
first be checked for accuracy (e.g., did someone forget a trailing zero in
the weight or possibly a leading *1'7). If the data are found to be
accurate, a decision will have to be made to determine if the data for
the fish in question should be excluded. Is the individual fish a sick
(e.g., very skinny) or a very fat {possibly sterile} animal which is not
representative of the population? One such value in a data set,
particularly if it is at the high end or low end of the range, can have a
substantial effect on the regression equation. One method that is
helpful may be to calculate the regression equation both with and
without the ‘outliers’ and judge the effect on the regression equation.

In calculating a regression equation, care should be taken to ensure
that a large enough sample is used (a rule of thumb often used is that
n = 30). Also, the range of the size of fish used in calculating the
relationship should be as wide as possible (e.g., use data from young-of-
the-year up to the largest size fish wherever possible). There should
also be a uniform distribution of fish over the whole size range of the
population. Data that are clumped should be avoided. Always report
the sample size used (n), and the coefficient of determination (r?) which
is a measure of how well the regression line explains the scattering of
the data points.

Another index that has been used in the past to compare the well-being
or condition of a fish population is the Fulton-type Condition Factor
which is calculated as follows:

K = Wxl10°
La

where K = condition factor (metric units}, W = weight in grams,
L = length in millimetres, and 10° is the metric scaling factor to bring
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the index to near 1.0. Note that C has been used in the past instead of
K where imperial units (i.e., Ibs and inches) were used, and 10* was
used as the scaling factor. Normally this parameter is expressed as the
mean K for a group of fish (e.g., a given age-class, males or females,
etc.) along with the related statistical parameters (e.g., SD, SE, or 95%
Ch.

Several other indices of well-being have also been used in specific
studies (e.g., relative condition factor; relative weight); however, their
limited use precludes presentation in this document. For further
discussion on these, see Nielsen and Johnson (1983) or Ricker (1975).

Comparisons of Length-Weight Relationships Between Populations
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| CHAPTER 4 I

APPROACHES TO AGEING FISH

Empirical

The ageing technique(s) chosen for a particular study will be dictated
by the purpose of the project or study and the population being studied.
In order to compare data collected at different times or from different
places, common conventions must be established for reporting age.
The purpose of this chapter is to establish appropriate criteria and to
develop conventions for reporting age. Careful consideration of the
techniques to be used will facilitate the gathering of data and optimize
the quality of the data obtained. Other references which should be
consulted when undertaking a study of fish growth are: ‘Fisheries
Techniques’ (Nielsen and Johnson 1983) and ‘Methods for Assessment
of Fish Production in Fresh Waters’ (Bagenal 1978).

This method relies on the direct measurement of fish growth over some
known period of time, in specimens that are either held in aquaria or
are marked, released and later recaptured.

Due to the physical and financial constraints of holding fish in
aquaria, only small numbers of specimens can be kept. The measured
growth of small numbers of fish must be extrapolated to the full size
range of the species under natural conditions. This technique is
further troubled by the impessibility of duplicating conditions
experienced by fish in nature.

More useful data can be obtained from fish stocked into natural water
bodies where successful reproduction of those fish will not occur. In
this case the fish stocked are of known and similar size and age.
Growth rate can be determined by sampling the population at any time
following stocking. In Alberta, this technique could be applied to
situations in which large numbers of trout or walleye of one size and
age are stocked into a waterbody which is barren of that species.
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Typical examples where this technique might apply are trout stocked
into aquatic habitats as varied as prairie potholes and subalpine
mountain lakes. Caution must be exercised when interpreting data
from such populations because growth rates are affected by the density
of fish in the water body. Variations in size can also occur if the

‘grading’ and ‘sorting’ of the fish was not carefully controlled prior to
stocking.

Growth rates can also be obtained from wild fish which are captured,
length and weight recorded, tagged and released back inte their
natural habitat. When tagged fish are recaptured at a later date their
growth rate in the interval can be determined. Studies of tagged wild
fish are difficult to interpret over the whole range of fish lengths.
Typically these studies are done on large old fish which show the
relatively small growth increments in length or weight that are
normal in adult fish. These studies will be deficient if they do not
define the growth that occurs during the first year of life as this is the
value which is most difficult to determine and verify in studies of
growth.

Length-Frequency Distribution

The simplest method of determining age, and hence growth rate using
length-frequency analysis is called the Petersen method (Petersen
1892, Bagenal and Tesch 1978). Length intervals are plotted along the
x-axig of suitable graph paper and the numbers of fish, from a totally
random sample of the population iz plotted on the y-axis. For this
technique to be useful all sizes of fish must be sampled in proportion to
their numbers in the population. When the data are plotted in this
way, a peak will be present for each of the first few year-classes. The
peak closest to the y-axis would represent age zero fish and each peak
after that should represent another year-class. The size intervals
chosen for plotting these data are particularly important in this
analysis. If the size intervals are too large peaks will be obscured; too
small and they will also be obscured.

This technique requires a large number of fish which are an unbiased
sample of the population (Majkowski and Hampton 1983). Appro-
priate collection methods must be used to obtain an unbiased represen-
tative sample of the population. This technique is plagued by a number
of problems. Small, age zero (young-of-the-year) fish may easily be
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missed by even fine meshed seines while larger fish may segregate
between habitats and hence be migsed. Dominant year-classes may
obscure the small peaks of weaker year-classes. Divergent growth
rates of male and female fish complicate the analysis as does the small
incremental changes in length which occur in mature fish,

Nevertheless, the Petersen technique is often useful in determining
growth rates during the first few years of life, particularly where
methods are available which allow for the collection of large numbers
of small, young fish. Inclusion of fish which are known to be age zero
(young-of-the-year) is crucial to this and all ageing studies.

A summary of additional graphical and statistical methods that can be
used to sort length-frequency data sets can be found in Nielsen and
Johnson (1983, page 320).

Anatomical Structures

Counting bands (annuli) on hard structures is the most common
method of determining fish age. It relies on the use of bony structures
in which mineralized layers of different density are deposited during
the course of the annual growth cycle. In general, a dense layer is
formed during each summer growth phase and this alternates with a
less dense band which is deposited during the winter when growth is
very slow or undetectable. The overall result of this sort of growth
patiern is a series of alternating light and dark bands on the fish's
hard bady structures similar to the rings seen on tree trunks.

There are probably few hard structures on fish that have not been
examined in order to determine fish age. In this manual we describe
the use of many different hard structures. However, determining the
age of a fish or a population of fish requires more than just counting
the bands or annuli seen on the hard structures. Criteria must be
established which define an annulus and when it is formed.

Annulus Definition

Rapid summer growth in fish is correlated with the deposition of dense,
wide mineral bands in bones and by widely spaced circuli on scales.
Slow winter growth appears as narrow, less dense bands in bone and as
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Summer Growth

- opaque zone

- wider bands

- dark under transmitted
light

- white under reflected light

Winter Growth

- hyaline zone

- narrow bands

- white under transmitted
light

- dark under reflected light

crowded, narrow, often incomplete circuli on scales. Summer growth
bands will appear white or opaque when viewed against a dark
background under reflected light, that is, light shone direcily onto the
surface being viewed from the same side as it is being viewed. Winter
bands will appear dark and narrow under the same conditions. This
appearance will be reversed when the bone is viewed with transmitted
light, that is, light which passes through the bone toward the viewer.
With transmitted light, the wide bands deposited during the summer
appear dark while the narrower bands laid down during the winter are
light. As a result of this reversal in appearance of the bands depending
on the nature of the illumination used to view them, the summer
growth band is called the opague zone and the band laid down during
the winter is called the hyaline 2one. The terms light and dark bands
or light and dark zones should not be used because of the ambiguity
which can arise (Bagenal and Tesch 1978).

The yearly annulus is defined as having been formed or as being
complete when new summer growth is visible beyond the hyaline band
that was laid down during the winter. New summer growth appears
more quickly in cleithra, opercular bones and scales than in fin ray
sections. This is not because of differential growth but rather it is an
artifact of the preparation of the different structures. A!l soft tissue is
removed from cleithra, opercular bones and scales before they are
examined while in the case of fin rays, soft material is not removed
thus, it is more difficult to clearly observe new growth on fin rays than
on the former structures. Such factors are particularly important if

one of the objectives of your study is to determine the time of annulus
formation.

Young fish typically deposit new growth on these hard structures
earlier than older fish. This may be due to the great metabolic input
required in the adult fish to bring their bodies, particularly of spring
spawners, back to the level of condition which existed when they were
in peak condition during the winter.
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Reporting Ages of Fish

¢ Standard: January 1 should be used as the ‘birth date’ of fish in Alberta. Ages should be
reported in Arabic numerals (e.g., Age 2) and the year of hatching should be reported.

1t is important to know the year-class (year of hatching) in order to
compare growth rates, survival, etc. Since there is annual and
geographic variation in the time of annulus formation, standardization
of birth date to January 1 avoids confusion when comparing data sets,
and ensures that all fish hatched in a single calendar year would be
given the same age. Fish caught after January 1 but prior to annulus
formation would be assigned an age which was one year greater than
the number of annuli present. Using this method, a fish caught in
February (prior to annulus formation) would be assigned the same age
as if it had been caught in July (after annulus formation). It is very
difficult to identify new growth on old fish because annuli are crowded
at the margin; hence, very careful counting of annuli is required if
accurate ages are to be obtained for old fish. Whenever possible it is
preferable to collect samples very early in the spring or in late fall
after the water temperatures have ceoled and growth has slowed. By
collecting samples very early or late in the growing season, the period
of annulus formation will be avoided. This would also aveid the
general period of rapid growth and thus samples would be more
uniform.

The following example of age assignment for a fish hatched in spring
1988 (i.e., 1988 year-class) is based on the January 1 standard ‘birth
date’ discussed above.

Date Caught Age

December 25, 1988 0
January 2, 1989 1
May 1, 1989 1
September 30, 1989 -1
December 31, 1989 1

2

January 1,1990

Although some investigators use the '+' designation to indicate that
new growth has oceurred, the use of a standardized birth date
eliminates the need for the *+' designation unless the specific timing of
annulus formation is being determined.
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|CHAPTER 5 I

AGE VALIDATION TECHNIQUES

Accurate age determination is essential for assessment of growth and
maturity to enable comparison of fish populations, and ultimately for
the formulation of management strategies. The most useful hody
structures for ageing fish are ones that:

® are easy to collect and prepare,

® do not require excessive equipment for examination,

® show distinet annuli with a minimum of false annuli, and

® can be used to back-caleulate length-at-age (i.e., structures
where size can be mathematically related to fish length).

For most fish species, scales are the easiest structures to remove and
prepare for ageing. They have remained the standard ageing structure
for many fish species in North America despite some major negative
characteristics. These include the presence of false annuli, scale
resorption and regeneration (Bagenal and Tesch 1978; Deelder and
Willemse 1973; Ottaway and Simkiss 1977; Joeris 1956), and failure to
form annuli on the scales (Schneider 1972}, Some of these problems are
probably due to the ability of teleosts to demineralize the scales if
caleium is required for other body functions; however, fish are not able
to recycle calcium deposited in their acellular bones (Simkiss 1974).
Since formation of the hyaline and opaque zones of fish bones is
partially due to the incorporation of different amounts of calcium
(Casselman 1974), these structures sometimes hold more promise than
scales for accurate ageing results. :

The best method of validation is to collect and analyze the ageing
structure of choice from known young-of-the-year fish either in the fall
or very early in their second spring. Fish raised in hatcheries and then
stocked can have very unusual ‘annulus’ patterns. The best way to

avoid this problem is to keep samples from a few fish at the time of
stocking.
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l CHAPTER 6 I

FISH AGEING TECHNIQUES

Species Recommendation

A variety of structures are recommended in this manual for ageing fish.

pectoral fin

pelvic fin

a) Cisco

Figure 8. Location of structures used for ageing fish.
a} fins and site of scale collection
b) cleithrum
¢) operculum

For location of ofolith, see plate 17 on page 87
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LAKE STURGEON

(Acipenser fulvescens)

gyt

Key Contributors: Curtiss McLeod, Larry Hildebrand, Gary Ash

Preferred Strueture:

Proximal end of the first pectoral fin ray (non-lethal). Slit the
integument between the marginal and the second fin ray with a knife
and use a bone cutter to severe the marginal fin ray. Care must be
taken in removal of the fin ray; if taken too close to the fin articulation
the fin artery will be cut and excessive bleeding can occur. Recent
studies on lake sturgeon recommend severing the fin ray 3-5 mm from
the point of articulation with the body wall to maximize reliability of
age data (Wilson 1987).

For collecting pectoral fin ray samples from live fish we prefer the
method employed by Beamesderfer et al. (1989) for white sturgeon.
This technique collects a piece of the leading pectoral fin ray by
making two cuts with a fine-tooth hacksaw, the first within 5 mm of
the articulation of the fin, and the second approximately 10 mm distal
to the firat cut. The integument is slit behind this piece, and it can be
twisted free with pliers. This section of the fin will heal over and
regenerate.

Secondary Structure:

Viable alternate structures for validation of fin ray ages of live
sturgeon do not exist. Other bones that have been used to age sturgeon
(lethal) include otoliths, cleithra, clavicles, and seutes (Cuerrier 1961).
Because of calcium resorption, otoliths are the only other reliable bony
structure for ageing sturgeon, and have been successfully used by

several investigators (Harkness 1923; Schneberger and Woodbury
1944).
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Time of Annulus Formation:

Presumed to be June-July (Sunde 1961; Nelson River, northern
Manitoba). In Alberta, annulus formation probably occurs in mid to
late June.

Special Preparation and Storage:

Fin rays should be thoroughly dried before sectioning. For fin rays
that have been removed at the articulation, the first section should be
taken from the point where the flared portions of the joint narrow to
form the solid ray. For fin rays removed above the articulation, the
first section should be taken as close to the eut as possible. Sections
from older individuals should be 0.3 {0 0.5 mm thick, although sections
up to 1.0 mm thick are readable in younger specimens. Wilson (1987)
indicated that fin ray sections mounted using a permanent mounting
medium tended to become opaque over time; however, sections
mounted with Diatex medium in 1985 and stored dry were readable up
to three years later (R.L. & L. Environmental Services Ltd., unpubl.
data). Beamesderfer et al. {1989) mounted readable sections on glass
microscope slides using clear fingernail polish, leaving the exposed
side without a coating of polish.

Ageing Considerations:

The first annulus is a distinctive star shape (Plate 1). If the section
was taken too far from the articulation, the first annulus may not be
visible, but can usually be identified by the presence (under
transmitted light) of lighter patches that form the points of the star.
Best ageing resull arc obtained by reading along the posterio-lateral
region of the section where the annuli are spaced farthest apart.
Double annuli and false or incomplete annuli are common, and it is
often necessary to follow the annulus around the section to determine
if it is one annulus or two separate annuli, False annuli have a
tendency to fade out and are not as continuous as true annuli. Wilson
(1987) suggests cutting sections of varying thickness, especially in
older fish, and using more than one section to determine age.

Roussow (1957) reports that bonding or clumping (several years of
closely spaced annuli) of annuli in sections from older sturgeon was
common. He attributed these patterns to differences in growth prior to
and after spawning. From [in ray sections, he was able to not only
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determinge age and periods of unfaveurable growth but alse intervals
between spawning periods, age of first spawning, and the sex (due fo
different maturstion raies betwoen sexes). In sturgeen from the South
Saskatchewan River, the first narrew band of slow (Le., pre-spawning}
growth is easy te identify, but the number of annuli in subsequent
bands ia diffieult io determine (e, several narrow annuli may appear
as one thick annules) (R4 & L. Envirenmental Services Ltd., unpubl.
data). Ages of clder individuals, therefore, should be considered as
minimusn ages.

Plaie 1. Cross sectien of 5 fin vay from & 20 year old lake sturgeon from ths
Houth Saskatchewan River { photo by Don Fritts).
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ARCTIC GRAYLING

(Thymallus areticus)

Key Contributor: Don Schroeder

Preferred Structure:

Scales (non-lethal) (Plate 2) from the left side of the fish between the
front edge of the dorsa! fin and the lateral line. Take 10-15 scales. Old
fish may be difficult to age with scales. Harper (1948) caught young
fish in Neultin Lake, N.-W.T., that were 64 mm long by late August but
still did not have scales. If scale formation does not occur during the
first year, then the older Arctic grayling will be under aged by one
year.

Secondary Structures:
Sagittal otoliths (lethal) or pectoral fin rays (non-lethal).
Time of Annulus Formation:

Mid-May to mid-June.
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Plate 2. Secales of Sretic greyviing.
a.  aneasily read three year old fish eaught in mid Ay
b, afour year old fish frove the Kakwa Biver caught in mid Beplomber.
£, aseven year oid fsh from the Otler Hiver canght in mid May.

Mote how the use of appropriate magnification makes the st seale much easier to read,
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CISCO!

Cigeo, luks herring: Coregonus artedii

Shortjaw cisco: Coregonus zenithicus

Key Contrilntors: Don Schroeder and Jim Stelfox

Preferved Streacture:

Slow-growing fish - sagitial eioliths (lethal) require breaking and
teasting when the peripheral annull become crowded (Plate 3).

Fast-growing fish - scales {non-lethal} frem the left side of the fish

hetween the front edge of the dorsal in and the lateral line, Take 18-

15 scales. (ld fish may be difficalt to age with scales (Plate 3},
Secondary Stractures:

Sagitial otoliths (dethal).

Tiree of Snnulus Formation:

Mid-May to mid-June,

1nafien calied tulifhes in Alberta hut this is not 2 common namae recogrizad by the Amarican Fisherios Scctety,
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Plate 3.  Otolith and scale from cliseo.
a.  ololith from a 25 year old cisco fram Whitemans Pond (duns 6, 18860, The last
anmuiug is 2t the culer edge.

b, zeale impression of an elght year old eisen from Utikuuna Lake (March §, 12791
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Fiah and Wildlife Uiy, ME 1

Wan Dogton, 4. 1628, Lifs history
Lake Horon as revealed by its
LS, Bur. ik, 44: 285-478,

s lake bernug (leucichthys artedi Lo Senn of
tes, with o eritigue of the seale smethod. Bull
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LAKE WEHITEFISH

{Coregonus elupeoformis)

Key Contributors: Dave Berry and Dick Brown

FPreferred Struciure:
Slow-growing fish - sagiital eicliths (Jlethal).

Fast-growing fish - scales {non-fethal) frem the lefl side between the
front edge of the dorsal fin and the latersl Hne. Take 15-15 seales. Old
fisk may be difficult to age with scales. Some populations in which
problems bave been encountered using scales include Lesser Slave
Lake {slow growth), Luke Athabasca {migrate in lake and river
habitais), Wahamun Lake (possibly influenced by heated effiuent), and
probably some southern populations with access to irvigaiion cansls.

Secondary Struciures:

tUse pelvie fin rays for nen-lethal samples but sagittal oteliths are
preferred. The latter may require grinding, or breaking and teasting,
(Operculur bones also appear 1o be promising structures for ageing lake
whitefigh

Time of Annuius Formation:

May - June.
References:
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Kokman, B, and P. Ray. 1887, Daily hncrements on the otoliths of larval and juvenile
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e . 1883, Growsh and moertality of whitelish in three unesploited lakes in
northern Canada. J. Fish, Res. Beard Can. 20: 265.-2732.

dills, K.H., and R, Beamish, 1280, Cowmparizon of fin ray and scale age
determications for lake whitefish {(Osregonus clupeaformis) and thelr
vnplicatives for esticnates of grewth and sonusl survival. Oan. . Fleh. Aqust.
Scil AT:B24-544.

Powear, G, 1978, Fish population structure in Arciic lnkes. J. Fish, Bes. Board Can.
35 1in 5358,

Smale, MLA., and WW. Tuyier, 19497, Sovsces of back-caloulation ervor in estimating
growth of luke whitefish, p, 188-202. IN: R.C Surnmerfell aad G.E. Hall {ads.).
Age and Growih of Fish, Univ. of Tows Press. Ames, Iowz. 544 p.

Van Josten d. 1823 The whitsfishes (Coregonus clupeaformis}. A study of the scaleg of
whitefishes of known sges. Zoolugiea (M. Y 2: 381412,

PMated. HBeales from g five year old, fast growing, and an sight year old, siow
growing, lalie whitefish {Sugast 28, 1978
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MOUNTAIN WHITEFISH

{Prosepium wiliiomsoni)

Koy Contributor: Wes Bnglish
Preferred Strusinre:

Beales (non-lethal) from lefd side between the dorsal fin and the lateral
line. Take 38-15 scales. Thompson {18974 found that young meuntain
whitefish from the Sheep River, Alberta, had compleie scale
davelopment when they reached a length of 50-65 mm, These fish
grew o a lengih of 80 mm by mid-Cetober. Larger (188 mm} voung
fish that were aleo caught were believed o have been migrating
upsiream from richer, warmer downstream walers, The mean back-
calcolated length from over 300 fish was 71 mm at first annuiue,

Thompson {1974} found excellent agreement betweean scale and ololilk
readings for 30 fish between 200 and 415 mm in length.

Thompson's (1974) and Sigler's (1851} respective factors for converting
from fork lengih Lo total lengih were 1.0938 and 1.058%, snd from fork
length to standard length were §.9202 and §.90588.

Secondary Struciure:

Sagivial stolith {lathal), These may require grinding, or breaking and
iwasling. Fia rays may work for a non-lethal sample,

Time of Annuius Formation:
Thompson found that it was complete by the end of May and one fish
had formed its annulus by April 24,

References;

Thospson, 5.6, 1874, The ecology and life history of the mountain whitelish Prosopium
williomsont (Givard) in the Sheep Biver, Alberia. M.3¢, Thesis, Univ, of
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Calgary, Adbueria. Aldso printed gs Fish, Res. Rep. Ko, T2 Alta, Fish gpd Wildi,
Lxiv.

Bigler, WP, 1851, The life hissory and mansgement of the moumals whitefiah,
Frogopium williomsoni (irged) in Logan River, Utaeh. Bull, 347, Uigh Bials
Ay, el Logan, Utah. 2 p.

Bieldnn, .0, 1887, SBoray Lakes Heswevoir gill netting survey, Seplember 1888, Alta,
Pish and Wildl v, ME Hep.

Plate . Otolith from 28 yesr old wmounitsin whitefish from Sprsy Lakes
{September 17, 1588},
a. cross-section of toasted otelith.
. whale otalith.

Plate 8. Scale of a five yesr old mountain whitefish from the Oldman River
{Augwst 15, 1988
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LAKE TROUT

(Salvelinus namaycush)

Key Contributors: Gary Ash, Jim (’Neil, and George Walker

Preferred Structures:

Non-lethal - proximal end of the first three pelvic fin rays.

Lethal - sagittal otoliths that will require grinding or sectioning.

Secondary Structure:

Scales are useful for ageing immature lake trout (Sharp and Bernard
1888).

Time of Annulus Formation:

Presumed to be early summer. Cable (1956) found that only 50% of
Lake Michigan lake trout show new growth on scales by June.

Plates for lake trout unavailable., Please refer to the plates for the lake whitefish, mountain
whitefish and for the trout species that follow.

References:

Bulkley, R.V. 1960. Use of branchiostegal rays to determine age of lake trout,
Salvelinus namaycush (Walbaum), Trans. Am. Fish. Soc. 89(4). 344-350.

Cable, L.E, 1956. Validity of age determination from scales, and growth of marked Lake
Michigan lake trout. U.S. Fish and Wildl. Serv., Fish. Bull. 107, §7: 1-59.

Falk, M.R., D.V,. Gillman, and L. W, Dahlke. 1974. Data on the biology of lake trout fram
Great Bear and Great Slave Lakes, Northwest Territories, 1973. Fish. Mar.
Serv. Data Rap. Ser. No. CEN/D-T4-4. 39 p.

Healy, M.C. 1978. The dynamics of exploited lake trout populations, and implications
for management. J. Wildl. Manage. 42(2): 307-328.
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Dubois, A., and R, Lagueux. 1968. Comparative study of the age as determined by scales
and otoliths of the lake trout (Salvelinus namaycush) of Lake Mistasgsini,
Quebec. Nat. Can. 95: 907-928. Fish. Res. Board Can. Tranas, Series. 2883.

Kennedy, W.A. 1954, Growth, maturity and mortality in the relatively unexploited lake

trout, Cristivomer namaycusk, of Great Slave Lake. J. Fish. Rea. Board Can. 11;
827-852.

Power, G. 1878. Fish population structure in Arctic lakes. J. Figh. Res. Board Can.
35(1) 63-69.

Sharp, D., and D.R. Bernard. 1988, Precision of estimated ages of lake trout from five
calcified structures. N. Am. J. Fish, Manage. 8(3): 367-372.
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BULL TROUT

{Salvelinus confiuentus}
Key Contributers: Jim Allan, Rudy Hawryluk, and Don Hildebrandi.
Preferred Structurs:

(Otolith - may require grinding or sectioning {Plate 7).
Time of Annulus Fermatiom

Time of formation is probably mid-May o mid-June; however, it may
accur even later in high alitude lakes where bresk-up doesn't eccur
unii} late June.

General Comments:

Ageing of bull Wrout using otoliths has 2 major disadvantage in that
the fish must be saerificed. Careful consideration, therefors, must be
given ic the possible benefits in beiler managing bull trout
populations before such sampling is undertzhen, I and when lethal
samapiing is jusiified, otoliths are the best method for age delermin.
abion, particularly in younger fish; however, prebiems may be
gnceuntered with larger, older fish when the snnull are zlose together.
Seales genarally are not suitable for ageing bull trout,

Reforences:

Hitdebrandt, 1. 1982, Proliminary survey of Mysiery Lake (24-48-28-8). Alts. Pishand
Wildi, Div,, Edson. MS. Rep.

B . 18BE. A preliminary biolegy survey of un uniemed Baracen) lake (SWE-43-
20-5. Ala. Pish and Wildl. Div, Edson, M3, Rep.

. IGHB. Preliminary investigation of bull irout spawning activivy in an
unnamed lake (23-558-12-63. Alta. Fish and Wildl. Div,, Bdson. MS. Rep.

Seeriing, 1.5, 1978, Population dyvamics, age und growth of rainbew trout and ell
&= 3 » BE 4 Y

Yarden in the Tri-Oreek Watsrshed, 1971-1977, Alts. Figh and Wildl, ihv,, Trie
Creeks Watershod Btudy Hep, Mo, . Al Fish and Wild) Div.

Frrevipusly celied Dolly Varden.
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Plata?. thie atoiiths of bull reut frem Mystery Lake (Detober 17, 1883
& voar oid fish.

. 12 yearold fish
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BROOKTROUT

(Salvelinus fontinalis)

Key Contribulars: Larry Bhude and Jim Stelfox

Preferred Structurs:

Becondary Siracivre:

Oioliths ethal) which are viewed laterally for young Bsh bul may
require grinding, or breaking and toasting for old fish. Mote - if you
are dealing with stoecked populations, it is best to sacrifice a few fish at
the time of stocking., Keep the ageing struciures from these known-
age fish for comparison with future samples.

Scales {nen-lethall taken from the left side of the fish beiween the
dorsal fn and the lateral Bnz. Due to their small size they are
generally only reliable for young, fast grewing trout. This wmethod
shoold not be used to age trout older than three years of age.

Vime of Annulvs Formation:

Presumed to be May - June.

MeFadden {1950 fhund that in Wiscensin, over balf of the brook troud
had laid down an annulas en scales by mid-Apell, and that yeunger
fish appeared o lay down an annulus eertier in the spring than older
Lrout.

”-J/____ X e _ )
N, A,) :
> Lo
\ 5 " Wl 2,
Sy
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Plate 8. Otoliths of bronk trout collected from Eihow Lake (July 7, 1988).
4. tnres year old. Moie band arsund nucleus which is not an annuius; 379 annulus
im sl margin of ololith,
b, ning year old {ish. Nete dark snocleus at cenire of sielith

Heferences:

Alien, GGH. 1956 Age and growih of the brook troot 1o 8 Wyoming beaver pond. Copeig,

I8R6(In 18,

Alvord, W, 1554, Vabidity of age determinations frem seales of brown teout, rainbow
troul, and breok trout, Trans, Ap Fish, Soc. 83:51-303.

Cooper, B, 1851, Validalion of the uye of seales of bvook trout, Bulvelinus fortinalis for
age doterminativn, Dopsin, 1851 {1 141.148,

Drutii B35, and G, Power, 1977, Validisy of reading otaliths in comparison with recding
of seales for the detarminstion of tbe wge of brock trowt, Bolvelinus foniinaiis.
Nat. Can. (Guebec) 104 381368,

Grand, M. 1885, Age determinatices from scales and ololiths i the brock traut

(Salvelinus fordinalie Mitchalll Wit WMag. Zosl $2:35-37.
] ¥ &

isteh, RW, 19681 Heguiar ecouveence of false annuli s foar brook tragd popataiions.
Trany. An, Figh, oo, HHINE- 13,

Mcladdon, LT, 1859, Relatiouship of

fraut, Trang Aw Figh. Soe. BAL

e and uge o time of snnulus formation in brook

RN N AN

Reimaors, N 1578 A histury of @ sunted brovk trow pepulsiiuvn i an alpine laker o
N

itfespan of 24 years, Califl Fizhand e 85040 186-215,
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BROWNTROUT

{Salmao frutie)

Key Contributoers: Jim Allan, Steve Herman, and Al Bosiak

Praferved Struciure:

telith, Mote: - if vou are desling with siocked populations iL is best
te sacrifice a few {ish at the time of stocking. Keep the otoliths from
these known age fish for comparison with fulure samples.

Secondary Siructare:

Scales should only be used for fast-growing populations ne elder than
age 3 (Plate 9). The scales are token from shove the lateral line and
just posterior to the dorsal fin. Fin rays have been iried bul cannet be
recornmended antil more work has been done en sofl fin rays.

Time of Annuius Foermation:

Bow River - presumed {0 be late spring; Foothills streams - Mayidune;
High mountain lakes - Junefduly

Beferences:

Alvord, W. 1854, Validity of age determinations from scales of brown trout, vainbow
weout, aud brook trout. Trans. Am. Fish. Sec. 83: 81103,

Burnet, AMR. 1969, Ags examipstion of the wse of scules and lin rays for age
determination inbrown troul. N 4. J.8ei, 401 851-161,

Hesthagen, T, 1885, Valdity of the sge detesnination from seales of browa troul(Salmo
trudic L., ingtit. of Freshwater Res., Drottmingholm Rep. 82: 65-Th.

Konvuenbeli, R.E3 MN.3L A comparison of seales and etoliths in the age determination of
Bow River trout. Alla. Fish and Wdl Biv, Calyary, MS, Rep, 26 p.

Mewman, #.M., and 8. Weisherg, 1987, Among- and within- fish varialion of scale
growth incremests in brown trout. 3. 158187, 1M RO, Summerfolt gad GE.
Hall{eds.l. Age and growth of fish, Univ. lowe Press. Ames, fows. 544 p.

Bhirvell, 0.5, 1881, YVahdity of fin ray ageing for brown truut, J, Fish Biol, 18:377-383,
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Plate 2. Whole otoiith (2}, split and loasted otolith (b, and ascale (e} of an sight vear
sl brown from the Bow River.
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RAINBOW TROUT

{Oncorbynchus mykiss’)

Key Contribulors: Al Sosiak and George Sterling

Preferved Structure:

Stow-growing populations - sagitlal cteliths {leithal) (Plate 133, Annpall
on vieliths from broul older than the age of matarily may be clzarsst
when the otolith is split and ioasted. Otoliths from younger iroul can
often be aged by lateral view. Annuli should be determined on the
distal side from the foeus {nucleus) to the dorsal tip edge. Young-of-
the-year and ysariing fish should be used o establish location of the
first annubus ss it is often missed when egsing older fish.

Fast-growing populations - scales laken from the first few rows of
seales dorsal to ihe lsieral line, between the pesterior margio of the
dorsal fin and the anterior margin of the anal fin, Seales from fish
older thas age of maturily may under-estimate age, sspecially where
srowth is slow. In all cases ihis methed should be carefully validated.

Becondary Siructurs:

A Sosiak Lried io age rainbow trout from the Bow Hiver using evoss
sections from all their fing but found thens insdequate because either
pne or two annull eould ocour gt the centre. These annuli were easily
missed by culting the fin teo far from the body.

Time of Annalas Formation:

fr , . ‘
Formeriy Salmo gatrdrer:.

Wid to lele June for east slope headwaler tributaries. Apparently late
spring for the Bow River.

FISH AGEING MANUAL

Page 61




Plate 19, Agelng siructurss for rainbow trout,

#,  whole atolith, . P ‘
2. Whow stalil . four year old rainhow wreut
ot from the Bew Biver
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Plate 1. Continued.
d. reprosentative rainbew trout scales from the Bow River-age2to b
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Piate 14 LContinued.
g, oielith of o gix vear old rainbow trout from Wampus Creek {16 August).

Heferences:

Alford, W. 18584, Validity of age determingiions from scales of brown trout, rainbow
trovi, and brook truut. Truns, Am, Fish, Sec. 83:81-103.

Bhatia, I 1931, On preduction of annual zones in the seales of rainbow trout (Seime
frideus), 4, of Bxp, Zool. Phitadeiphia 5914558,

. 1932, Factors tovolved in the production of annual zones on the scsles of
ratebow (rout (Soimo iridens). 4. Bxp. Bink. Londan 9:8-11,

Bilton, HL.M., srd W, Jenkingon, 1988, Comparigon of the otolith and seale methads
for ageing spckeye Oneorhynchus nerga} and chum (O, fein) salmen. J. Fish
Hes, Board Can, 25: 1067-1069.

Bigiz, Karl G. 1871, The vainbow {rout populstions (Salmo gairdner]) and other figh of
three slreams in the foothiils of Alberta, B.Be. Thesis, Dep. of Zool,, Univ. of
Aba,, Bdmonton, Albersa, 71 p.

Kounyneshbaiy, B, BLIL A comparison of seales and stoliths in the zge determination of
Bow River trovl. Alls. Pish and Wildl Div,, Calgary, MS. Hep, 26 p.
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CUTTHROAT and GOLDEN TROUT

Cutthroat treut: Gncorhynchus clarki’
Golden treut: . agunhonite®

Key Centributor: Wes HEnglish

Preferred Btructure:

(iolith - Nete, however, golden trout may have calelum deposits on the
choliths (W, English).

Secondary Struchers:

Seales have been used to age culthroat trout but one mush resognize
limitations such as crowded annell in old fish and the fact that many
euithroat tront will not form seales during their fivst yvear. H is not
eonsidered feasibie to use svales Lo age golden troul

Time of Annulus Formation:

in the Southern Region east slepe streams and high mountain lakes of
southern Alberta, the annulus is clearly visible {preceding the epaque
zone} on the otolith after August 1. s formation must begin sarlier
{i.e., post spawning in lale June or Julyd.

The annuli on golden trout are appsrent by mid-July.

References:

Fitch, L. 1972, The Iife histery of the golden Ltrout 18aimo aquabonital in Rainy Ridge
Lake, Alberta, with particular references to observalions on spawning, Alia.
Pish and Wildl, Div,, Lethbridge. MS. Bep.

Baoghman, J. 1985, A brief histery ui'the golden trout. Fish, 103RT

ormerly Saimo clark:,
prmerly Spima agunhonita.
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Plate 11, Whele ololith (8} and broken and toasted otolith (b}

of & six year old
cutthroal iront from Job Lake (May 23, 1985}
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NORTHERN PIHE

{Esox lueius)

Koy Contributors: Jim Allan, Bill Mackay, and Daryl Watters

Preferved Siructure:

Cleithram {ethal sample) {Plate 12). Hewever, after two weeks, dried
cleithra lose thelr bleached white appeargnee and annuli become
fugny; therefore, cleitbra should be kept frozen until time eof
proparation for ageing.  Aceurale ageing by cleithra is deflinitely
influenced by the experience of the reader.

First three loft pelvic fin rays. Apnuli are difficult o see on the fin
rays of old fish as the cuter edge of the ray becomes opague.

Hecondary Biruchtre:

Pish judged io be three years of age or younger can be sccurately aged
using scales for comparison. Opercular bones and veriebrae
{Applegaie and Smith 1951} may alse show clear annuli (Plste 123

Time of Annuivs formation:

late May - sarly June.
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Plate 12.  Ageing structures for northern pike,
a. cletthrum of a five year old northern pike from Lac Ste. Anne. Note location of
foeus,
b, opercular bone of 4 five year old northern pike from Cloar Lake.
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Heforences:

Applegats, 4., and L1 Smith, 1951, The determingiion of age and rate of growth from
vertebrae of the channsi catfish, Tetafurus lncuséris paneipius. Trans. Am, Fish.
800, BO: 118158,

Astanin, LI 1947, On ihe determination of the ages of fishes. Zoclegical 4. 28 287-
288, :

Cosssiman, 5.3, 1874, Aneiysis of hard tisgus of pike Esox fuciue L. with gpecial
veference 1o age and growth. p. 13-27 EP: T.B. Begenal {ed.). Ageing of Hab.
Proceedings of an Internationsl Symposiom - Heading, England, 19-20 July,
1873, Unwrin Brothers 144, Greshem Press, Surrey, England, 234 p.

Cossalman, 5.3, 1375, Cleithre! mathod of determining age and gmwtﬁ of nerthern
pikce and other esccids. Proc. 37tk Midwest Pizh and Wildl Conf, Dee. T-15,
1378, Tarynts, Oni.

Framilin, LR, and C. Smith, Jr. 13860, Note on development of scale patterns in the
noribern pike, Bsox fucius L. Trans. Am. Pigh, Soc. B (11 83,

Progt, W.E., and C, Kipling. 1858, The determingtion of the age and growth of pike
{Bsox duciuvs L.} from scales and opereuler bones. &, Cona. Int. Buplor. Mer. 24:
314-341.

. 1981, Sume chagrvations on the growth of pike, Esox lucine, in Windermere,
Internaiicnal Assscation of Thuuratical and Applisd Limnnlogy Froceedings 14:
FTE-THE,

Harrison, B4, and W Hadley. 1978 A comparison of the use of cleithra 1o scales for
age and growth stadies, Trans. Am. Fich. Boc. 108: 452-456.

Fizaiy, A. 1888, Fishes of imugh Bes, Do, Gabway, Ireland. Pike and rudd with gensral
conelunions. Salm. Trovt Mag. 148 245-249,

Jeohnson, LB, 1871, Srowih of bnown age muskellunge in Wisconain, Wisc, Deg, of Nat,
Res., Madison, Toch. Bull. # 42,

Maiwwecki, . 1573, The trophy pike, Esox {ucius, of Seiberi Lake. M.Se. Thesis, Univ.
of Afta. 233 p. .

Munrs, R 1957, The gike of Loch Choin. Freshwat. Sahn, Pisk, Res. {16k 16 p.

Williems, 5.5, 1968, Determinations of age from the scsies of northern pike (Esox Iucius
L.} Doeteral Disgoriation Series, Pob. Mo, 12§68, Univ, Microfilms, Ann Arber,
Hichigsn.
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GULDEYE and MOONEYE

Goldaye: Hisden aloseides
Mooneye: Hivdon lergisus

Key Contributors: Dave Fernet and Kevin Smiley

Preferred Siructure:

Operculum {lethal) {Plate 13}, Opereular bonss can be guite thick and
may reguire considerabls time to dry and clear.

Secondary Structure:
¥irst three pectoral fin rays {non-lethal).

Scales (non-lethal} taken from below the dorsal fim snd above the
interal line are suitable for {ish leas than five vears of age. These ages
should be validsied with eparculvm ages (Plate 13)

For young fish, scales are the preferrad method due o euse of handling
and eagy reading.

Otoliths are relatively smeli and have net been used for ageing, There
hma baen very ittle work comparing ageing structures of these species.

Time of Anoalus Formation:

Young {age 1} individuals exhibii snnulus formation by mid-July.
Annulus formation is conplete in older individuzls in early August.
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Plate 13, Coldeye from North Saskatchewan River (Geotobar 7, 1882).
a. operculum of five year oid fish.
k. scale of 4 six year old fish,

Hefersnoes:

Claflin, T.0. 1963, Age and rate of growih of the goldeye, Hiodon aivsoides {Ralineague)
in ihe Missouri River, MA Thesis, Univ. 8D, 285,

Kennedy, W.A., and W.M, Sprules. 1967, Gotdeys in Janada. Fish, Res. Board Canads
Bull Mo, 158, 45,

Miller, L., and W.R. Melson. 1974, Caldeys, Hicdan aluscides, in Lake Oahe:
sbundance, age, growth, matvrity, food and the fishery, 19583-1889. USDE Fish
and Wikdl, Serv., Tech, Paper Mo, 78,
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YELLOW PERCH

{FPerca flavescens)

Key Contributors: Bil

Preferred Stracturs:

Mackay and Hugh Norris

The pelvic spine and {firsi lwe fin rays {non-ethal) or the twe anal
spines. The anal spines are sasier Lo read; however, removal of the
peivie spine is less harmful 46 fivh being released. ¥or back-
calculation, the anal spine radius (X) o fork length (V) for pereh from
Pine Lake was found tobe ¥ = I7TT37TX + 45.18{n = 153, r = 5.96)
and from Clesr Lake was found to be ¥ = 18699 X 4 4648 ¢{n = 40, ¢
= (.89} {Norris 1884}, Griffiths (31978} determined a pelvic spins
radius {X) to total length (¥) relationship of ¥ = 20902 X + 76.88 for
perch in MNew Zealand.

The average fork lzogths at the time of annulus formation for perch
from Pine and Clear lakes was appreximately $5 mm, 30 mm, and
122 mmm for the first, second, and the third annulus, respectively
{Norris 1884},

Secondary Siructurs:

Opereular bone (lethal)l. A1 annuli including the first should be
visible in fish under three years of age. In fish over four years of age,
the first annulus may be obscured by increased thickness of the
aperculum due to growth of the fish. Opercular bones from a good size
range of fish still provide a valid ageiog steucture for perch
populations, in the hands of an experienced fisheries worker,

Baci-calculation of leagths using the epercular bone is {easible but it
reguires projection of the bone image onlo a large flal suvface.
B. Mackay found an opercular bune io total length relationship of:

Total length (mm) = 15 + 168X where X = length of opereular bone.
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Time of Annulus Fermation:

Beferences:

Thin hvaline band first visible just after ice oul. CTomplete sonulus
forms belween mid-May and mid-June as the water warms and the fish
begin to grow again. Annulus formation oceurs slightly later in older
fish.

Barduch, L1, 1955, The opercelar bove of the yellow perch, Perce favescens, a5 tool for
age and growth studiss, Copels 2: 367105,

Deglder, O.L., and J.J. Willemse. 1873, Age determination i fresh-watler Leleusts, based
or annuiar struvtures o fio rays. Aguacullore 1 365371,

Criffiths, W.H. 197K, Age, growth, and feeding habits of Buropean perch {Pereg
Fugiagsilis 1) in the Lake Elosmers system. M5, Thesis. Univ. of Canterbury,
Christehureh, Mew Zogland.

Hile, B, 1970, Body-seale relation and caloulation of growih in fishes. Truns. Awm. Fish,
Boo, 1DTRAN 468474,

doerts, LS. 1556, Structure aod growth of seales of yellow perch of Green Buy. Trans.
A, Fish, Boc, B8: 168-1942.

Le Cres, .0, §947. The determinasion of the age and growih of the perch (Perca
Auvicsilis)irom the opercubar bong, J, Anim. £eeol. 18: 188-204.

Morris, H.J. 1384, A comparisoe of ageing lechaiques snd growth of yellow perch (Perca
Bovescens) from sebecied Alberta lakes. M.Sc Thesis, Univ, of Alla., BEdimonion,
Atheria. 173 p.
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Plais 14,

Ageing structures for yellow pereh.

&.

epercalar bone of a four year old yellow perch from Pine Lake. First anpulus
whitich is normally nel visible, is elear in this speciinen. Fonrth snnulus is gt
margin. Fish collected in late May.

crass-section of first two anal spines from an 11 year old fish collected from
Pine Lake in April. The eleventh annolus is not yet l2id down.

peivie spine of & three year old yeliow gerch from Ping Lake. Note - only a
single apoulus oo smail fin rays posiercior fo spine. Fish collected in April
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WALLEYE and SAUGER

Walleye: Stizosiedion vitreum vitreum
Sauger: ¥ cancdense

Key Contribuisrs: Martin Brilling and Jim "Meil

Preferrad Structure:

Pelivie spine and first two pelvic fin rays (noa-lethai)

Secondary Btructure:

Dorsal spines, oteliths or opercular bones can also be used, Opercalar
banes are easy o read and the first anoulus is not chseured. Thislsa
good technigue to feach the public if they are interested in walleye.

Usge of seales is not recommended as they are diflicult to read and oflen
resuit in under-ageing of old fish,

Time of Annuivng Formation:
May - June.
Distingulshing Characteristics and Albherta Bistribation:

Bauger ara nol known 1o be o commonly caught fish in Alberta, Thelr
distribuiion is Lmiled to ihe cool-waler fish habitat sections of the
Morsth Saskatchewsn, Boed Deer, Bow, Qldman and Milk rivers. The
absence of reports of these fish may be due in part o confusion of this
apectes with walleve. Walleye inhabil these waters excepl the Milk
River. They are alse found in lakes with suitable habitai throughout
Atheria except for the mountain and feothiil sreas.
These species are distinguished by
Sauger - membrane of the spiny dorsal ity with definile spots but ne dark bloteh a1
the pesterior base of this fin,
- o white tip on the fower nbe of the caudal fin
Wallaye -  no definite spets on the spiny dorsal fin exeept for 3 large dark biotch a1
the posterior buse,
5 white tip present on the lovwer lob of the caudal fin,
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Plate I8,

Cross seetions of pelvic spines from walleye from Faweeit Lake,

8. 18 yearoid fish from Faweatl Lake,

b, 9 vyear old fish frem Faweell Laks.

c. Byearold fish frem Pine Lake,

d. opercular bone of 4 year old walleye from Pine Lake. Note that the first
annulus on walleye opercular bones is usually apparent.

‘@’ and B are viewed with iransmitied light, "¢ is viewed under reflected lighit.
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BURBOT

{Lota lota)

Key Coniributer: Jim O Neil

Photo Contributer: Tom Boag

Preferved Sirusiure:

Sagittal stolith (Plate 18). For younger fish with smaller ololiths, it
may be possible ie read annuli without further preparation (ie.,
izteral view). For older fish with larger cioliths, proceed with
sectioning and burning approach {L.e., splitting through focus end heat
over flame or on hoeb plaie). The nucleus, the adjacent hysline band,
and the {irst opague band are comsidersd to represaent the first years
growth.

Sécandary Strnoturs

Burkot possess small cyeloid scales imbedded in the skin which lack
identifiable annuli. Opercular bones, cleithra, and peetoral fin rays
have been used with limited success. Based on present information
oteliths zppesr Lo be the only ageing siructure in general use.
Agreement with length-frequency distribution is therefore the casiest
methed of age validaiion.

Time of Annulus Formation:

Annuli likely are formad in spring, altheugh investigation is needed o
pinpoint the fime.

Prge T3
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Plate 1%, Otoliths of burbot from Lac Bie. Anae.
a. whole oiolith from a ons year old burbot.
5. whole eielith from a nine vear old purbet caught in February.
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Phate 18, Conbinued.
£, broken, polished and tessied olalith from an 11 year old burbot cavght in
February,
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she burbot, Lodo {ofe lepiura, in interior
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of Adasks, Biol, Pager Ne. 11, 865,
Lawier, G.H., and G.P. McRae. 1360, A mothod of proparing glycsrin-slored oigliths for
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SUCKERS

(Family Catostomidae)

Key Contributor: Jim O’Neil

This method was developed for white suckers but it works on longnose
suckers and presumably would work on other species of suckers as
well,

Preferred Structure:

Pectoral fin rays (proximal end), Focus is considered as first annulus.
Fin rays are distinetly superior to scales for back-calculation. Fin ray
sections can be preserved after viewing by wrapping in parafilm and
returning to envelope. Pelvic fin rays have also been used, but the first
annulus is often close to the centre of the ray, and difficult to identify.

Secondary Structure:

Scales are acceptable to about age 5 or 6. Remove scales from left side
below anterior insertion of dersal fin and above lateral line. Use scales
for small fish (less than 100 mm fork length).

Time of Annulus Formation:

Completed in spring.

Plates not available. See fin ray plates from walleye but note that the annuli are not as
distinct in suckers.
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TROUT-PERCH

(Percopsis omiscomaycus)

Key Contributor: Dave Berry

Trout-perch can be aged by otoliths. Otoliths should be removed from
fresh samples, or from specimens which have been preserved for a very
short time (a day or two). Validate age determination using length-
frequency analysis.

SCULPINS

(Family Cottidae)

Key Contributor: Dave Berry

The short life span (early sexual maturity and high mortality) of these
fish makes length-frequency analysis a reliable means of ageing
samples. Age from otoliths can be used to validate length-frequency
analysis.

Time of Annulus Formation:

Late June - early July.

References:

Roberts, W. 1988. The sculping of Alberta. Alberta Naturalist 18(4): 121-127,

. 1989. The sculpina of Alberta - Addendum. Alberta Naturalist 15(1): 35.
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CYPRINIDS

(Family Cyprinidae)

Key Contributor: Dave Berry

All species except flathead chub and possibly lake chub have short life
spans. Generally they grow fast, mature early, and have a high post-
spawning mortality., The maximum age of most ¢yprinids in Alberta is
three years, although three year old fish are seldom found except in
early spring prior to spawning. Scales and ololiths can be used,
however, the chemical preserving of fish samples makes these
struciures difficult to use in ageing eyprinids. Length-frequency data
can be used to assign ages.

Pectoral fin ray sections appear to be the best structure for ageing
flathead chub although scales and otoliths can be used. Ageing
structures should be removed from fresh rather than preserved
specimens. Age should be determined quickly after removal of the
structure. Length-frequency analysis can be used to validate ageing.

STICKLEBACKS )

(Family Gasterosteidae)

Key Contributor: Dave Berry

The short life of these fish makes age determination by length-
frequency analysis and validation by otoliths the most appropriate
ageing technique.
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‘ CHAPTER 7 I

TECHNIQUES
USED FOR A

INTRODUCTION

FOR PREPARATION OF STRUCTURES
GEING FISH

Since the same structure is often used to age several different species,
we have included in this section a general discussion of each of the
structures used for ageing fish. On the following pages we describe
general methods for removal, storage, preparation, and counting
annuli on the structures recommended for ageing fish in Alberta.
Throughout this section we include specific comments relating to
single species or groups of species. Fishery workers should carefully
read the entire section dealing with the structure they will use to age
fish before they go into the field to collect fish. They should also
decide, before going into the field to collect fish, what method will be
used to validate the ageing technique they have chosen.

If readers need more information on the technique used for a particular
species, refer to that species in Chapter 6 and contact the contributors
listed.

SAGITTAL OTOLITH

Removal

Otoliths can be removed using scissors and fine point forceps. For
larger fish, side-cutter pliers, tin snips or pruning shears should be
used instead of scissors.

Held the fish upside down and then cut through all the giil arches and
isthmus (Plate 17a) exposing the roof of the mouth (Plate 17b). Cut §
of the way through the roof of the mouth (parasphenoid bone) where
the first gill arch joins the roof of the mouth (Plate 17¢). Hold the head
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Storage

of the fish and “break” the backbone downward where the cut was
made in the roof of the mouth. This exposes the otoliths in the roof of
the mouth (Plate 17d) and they can easily be removed with forceps
(Plate 17e). Retain both otoliths, since one is usually easier to read
than the other.

This technique requires minimal practice, takes less than one minute
to complete and rarely requires a search for the otoliths. It has been
used successfully on all of the trout species, lake whitefish, mountain
whitefish, white suckers, northern pike, and yellow perch. This
technique is easily learned and is much quicker than other techniques
reported in the literature. Karl Dietz may have been the first to use
this technique in Alberta. The description above was written by S.J.
Herman. A similar technique has recently been described in the
scientific literature by Schneidervin and Hubert (1988).

Collection of otoliths should be from fresh or frozen specimens rather
than from fish preserved in formalin. Preservation in unbuffered

formalin renders otoliths chalky, opaque and fragile (McMahon and
Tash 1979).

For cisco, lake trout, bull trout, brook trout, brown trout, rainbow
trout, cutthroat trout, golden trout, and burbot: remove the
membrancus sac from around the otolith. For small otoliths this will
be easiest with fine forceps and pointed probes. Large otoliths can
sometimes be cleaned by rinsing in water while rubbing them between
thumb and forefinger. Once the sacs have been removed, the otoliths
should be stored in a solution of 10% glycerel and 90% alcohol.
Alternatively the otoliths may be stored dry in scale envelopes;
however, if treated roughly they are prone to breaking.

Lawler and McRae (1961} found that glycerol preserved otoliths of
burbot often became opaque and difficult to age, but they became
readable when heated in glycerin for 10 minutes at 190°C, or for longer
times at lower temperatures.
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Plate 17. Removal of sagittal stoliths from a
brook frout

cutiing gill arches and isihmus.

roof of mouth.

eutting parasphencid bone.

exposed efoliths lying in place in brain case.

. otelith being removed with forceps,

@ T
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Grinding

Clearing

Larger otoliths may be difficult to read due to their thickness near the
centre. Grinding may be done on a fine oil/whetstone or with
carborundum powder on a glass plate, or on fine emery cloth. Grinding
of the distal surface is most common. The proximal (grooved) surface
may also be ground if it makes ageing easier. Your finger Lip or a
small cork may be used to move the otolith during the grinding
procedure. Pressure must be gentle or the otolith may shatter. Care
must be taken not to damage the thin outer edges of the otolith or
annuli may be destroyed accidentally.

Cisco - the distal edge of otoliths from large, old fish may have to be
ground to make annuli easier to read.

Lake trout - otoliths are prepared for ageing by gently grinding both
sides to reduce the thickness of the central portion.

Cutthroat and golden trout - both lateral surfaces of the otolith should
be polished to facilitate ageing of old fish.

Trout-perch - larger otoliths can be ground to improve annuli clarity.

For thicker otoliths, il may be necessary to clear the otolith to permit
light to pass through.

Lake trout - leaving the otolith in a KOH solution for a couple of hours
completely cleared the ololith, making it unusable.

Cutthroat and golden trout - if otoliths are not stored in an alcchol-

glycerin solution, they may be placed in that solution for § to 1 hour
prior to reading.

Trout-perch - the otolith can be cleared in a 3:1 mixture of benzyl
benzoate and methyl salieylate.
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Sectioning

a) Break and Burn - if annuli are very erowded near the edge of the
otolith, then the otolith should be split through the focus using a
knife. Shattering during splitting can be reduced if the otolith is
placed grooved side down on a folded paper towel when it is being
split. The otolith halves are then ‘toasted’ (to medium fo dark
brown color) on a hot plate (560-700°C). They may also be toasted
over an alecohol burner or candle. Be careful not to char by
overheating, or cause them to become soot covered by holding them
too low over the flame.

b) Thin section using a Buehler Isomet saw, etc. Fill a plastic
drinking straw (split in half), with 24 hour epoxy and embed the
otolith, properly oriented, in the epoxy. Section after epoxy dries.1

Mounting and Viewing

a) Unmounted ground or unground whole otoliths

Otoliths that have been stored for a long period may be quickly dipped
in a weak solution of HC1 (20%) just prior to reading. This treatment is
not eritical for fresh otoliths. Oteoliths should be completely immersed
in a 50-70% solution of alcohol and water, or alcoho! and glycerol,
when annuli are being counted. View against a black or light blue
background using reflected light. Dark plasticine works well as a
background and makes it easy to orient and anchor the otolith in the
best position. Annuli should be counted on the distal side from the
focus (nucleus) to the edge of the dorsal tip.

For determination of back-caleulated length at annulus formation, use
an eyepiece with crosshair and graticule to measure the distance from

the focus to the outer edge of the annulus.

For younger trout read otoliths by viewing laterally.

15ee also Chitton, D.E., and RJ. Beamish. 1982. Age determination methods for fishes studied by the groundfish
program of the Pacific Biological station. Canadian Special Publ. of Fisheries and Aquatic Sciences No. 60.
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Interpretation

b} Permanent mounts of whole or thin sectioned otoliths -

Mount the whole otolith, groundside down, on a glass or acetate slide
using permanent mounting solution (e.g., Diatex). This will clear the
otolith in a manner similar to the glycerol-alcohol storage solution.
Some flexibility is lost in that you can’t rotate the otolith while reading
it; however, this method provides an easily retrieved reference
collection. The slide can be immersed in water during reading.

¢} Broken and toasted otoliths

Mount the sections (with cross-section facing upwards) on a plasticine
base in a Petri dish filled with water or a clearing medium (glycerol or
a 3:1 solution of benzyl benzoate and methyl salicylate). View using
reflected light and a dissecting microscope (25-40X). Tilt and/or rotate
the otolith to obtain the best contrast between hyaline (winter growth)
and opaque (summer growth) zones.

Determine the location of the embryonic otolith to ensure that the
check which forms at the edge of the embryonic otolith is not
incorrectly counted as an annulus. The central kernel of dense matter
(i.e., embryonic ololith) is surrounded by a thin transparent ring and
then by a thin opaque ring before the first annulus. There is more
growth between the check and the first annulus in fall spawning fish
than there is in spring spawners. Chugunova (1963} has described this
feature of fish otoliths.

Cisco - checks (false annuli) are most common in the first three or four
years of growth (prior to sexual maturity) but can usually be
distinguished from annuli by their relative position and prominence.
Checks in the first three years are generally more apparent and hence
more of a problem on split otoliths than on laterally viewed otoliths;
therefore, determine the location of the first three annuli on the
unbroken otolith and compare them to the location of annuli on the
split otolith. Note the age at which the growth rate is drastically
reduced and the position of the first few annuli in relation to the dorsal
and ventral edges of the otolith,

Cutthroat trout, golden trout, and rainbow trout from the eust slopes -
At the time of emergence the fry have a small otolith which forms the
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and grow, the otolith also begins to enlarge and form the first opaque
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DORSAL TIP

]

VENTRAL TIP

otilith aged and measured in this plane
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OPERCULUM

Preparation

Remove gill cover by cutting along the anterior border and separate
the joint from skull at the top of the gill cover. Store frozen until the
time of lab preparation if possible. Remove soft tissue from the
operculum by placing it in hot but not boiling water. Do not boil or the
operculum may become totally opaque. After about one minute in the
hot water remove the operculum and wipe it clean with a cloth or paper
towel. If the tissue sticks, place the operculum in the water longer or
increase the water temperature. Let the operculum air dry. Opercular
bones can be quite thick and may require a few days to dry and clear.

Viewing and Interpretation

References:

Goldeye/mooneye - The annulus is recognized as an optically less dense
zone extending completely across the operculum in transmitted light.

Yellow perch - View through a dissecting microscope against a flat
black background using reflected light. Annuli will appear as narrow
hyaline bands. The first annulus is about 4 mm from the origin in a
fish which is 65 mm (fork length) at the time of formation of the first
annulus. The first annulus is usually obscured by thickening of the
bone as the fish grows.

Bardach,d.E. 1955. The opercular bone of the yellow perch, Perca flavescens, as a tool for
age and growth studies. Copeia 2: 107-109.

Deelder, C.L.,and J.J. Willemsge, 1973, Age determination in fresh-water teleosts, based
on annular structures in fin rays. Aquaculture 1: 365-371.

Frost, W.E,, and C. Kipling. 1959. The determination of the age and growth of pike
{Esox lucius L.} from scales and opercular bones. J. Cons. Int. Explor. Mer, 24:
314-341.

Griffiths, W.E. 1975. Age, growth, and feeding habits of European perch (Perca
fluviatilis L.) in the Lake Ellesmere system. M.Sc. Thesis, Univ. of Canterbury,
Christchurch, New Zealand.

FISH AGEING MANUAL

Page 93



oral
radius

Hile, R. 1970. Body-scale relation and calculation of growth in fighes. Trans. Am. Fish,
Soc. 99(3): 468-474.

Joeris, L.S. 1956. Structure and growth of scales of yellow perch of Green Bay. Trans.
Am. Fish. Soc. 86: 169-194,

Le Cren, ED. 1947. The determination of the age and growth of the perch (Perce
fluviatilia) from the opercular bone. J. Anim. Ecol. 16: 188-204.

Norris, H.J. 1984. A comparison of ageing technigues and growth of yellow perch (Perca
flavescens) from selected Alberta lakes. M.Sc. Thesis, Univ. of Alta., Edmonton,
Alberta, 173 p.

sacond annulj

first annuli

circuli

Page 94

FISH AGEING MANUAL



,'v-uua.,w..,uuuuvu’uuuuu;.;uuuyuyuu‘uuuuuuuuuuuuuuuu&u

CLEITHRUM

Removal

Preparation

Interpretation

Expose the cleithrum by lifting the gill cover. Push the thumb
between the posterior edge of the cleithrum and the muscle and
connective tissue, Separate the inner surface of the cleithrum from the
underlying soft tissue. Move the thumb along the inner surface of the
cleithrum dorsally toward the posterior end of the cleithrum to loosen
the bone. Push the thumb or index finger through the connective
tissues at the anterior end of the cleithrum. Pull the cleithrum away
from its dorsal joining point. When the dorsal tip of the cleithrum has
been released, grasp it between the thumb and index finger. Pull the
cleithrum out from the body towards the front. The anterior tip will
now be exposed. It is important during this procedure to pull the
cleithrum strongly away from the bedy to avoid tearing or breaking
the tip and growing edge. Push the cleithrum over the index finger of -
the same hand, or over the thumb or index finger of the other hand.

This peels away the muscle and connective tissue from the outer
surface of the cleithrum.

Freeze samples until analysis (maximum storage time two months).
Clean by simmering in 60-70°C water for five minutes to remove the
flesh and oils. Air dry. Read within two weeks by viewing against a
black background using reflected light.

Annuli are continuous hyaline lines along the blade of the cleithra
onto the ‘elbow-shaped’ ventral posterior curve. Look for decreasing
distances between annuli toward the outside edge. The first annulus
at the origin is often obscured due to thickening of the cleithrum in
older fish. Growth checks are common. False annuli are usually
characterized by faint or incomplete annuli or two or more annuli very
close together. Do not confuse false annuli with true annuli that are
close together in old fish because little growth has occurred.
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FIN RAYS AND SPINES

Removal

The rays or spines of pelvic, anal, and pectoral fins are commonly used
for age determination. The method used for preparing rays or spines
from all three fins is the same. If fish are to be released after sampling
you must consider the effect of the sampling procedure on swimming
ability (Churchill 1963; Coble 1967) and choose the fin which will have
the least adverse effect on the fish. Whichever fin is chosen, take only
the first few rays or spines so that damage to the fin is mininal. When
dead fish are sampled take the largest fin ray or spine since its greater
size will ensure that annuli are more widely spaced, making them
easier to observe, Musker (1985) noted that lake trout pectoral fin rays
are not as good as pelvic fin rays since the rays of the pectoral fin are
very small and the annuli are very crowded.

Fin rays should be removed [rom fish using a sharp, clean pair of side-
cutter pliers. The pliers should be cleaned und sterilized frequently to
prevent infeetion and transmission of fish diseases. Sterilization can
be accomplished by dipping them frequently in surgical disinfectant or
in aleohol. The fin should be removed as close to the body as possible
and cut perpendicular to the fin ray. It is important to cut close to the
body because only the basal section of the ray shows the first annulus.
In addition, cutting the ray perpendicular to its long axis eliminates
the need to square off the ray during the preparation phase, thereby
saving time and equipment (i.e. saw blades).

For most fish species in Alberta, only the first three fin rays need to be
removed, as those are the only rays large enough for sectioning and
ageing. Removing the entire fin results in an increased wound area
(i.e., increasing the possibility of infection) and may reduce fish
maneuverability.

After the fin rays have been colleeted, excess mucus should be removed
with tissue paper, paper towel, or a cloth and they should be placed in
an adequately labelled coin envelope. Fin rays may be stored frozen or
allowed to air dry depending on the length of time between collection
and sectioning.
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Preparation

Lake sturgeon - Take the first fin ray with a heavy cutting implement
(i.e., large side-cutter pliers); store in envelope and let dry for
approximately two months prior to sectioning. Drying is necessary to
obtain translucence and strength in these sections.

Lake trout, yellow perch, walleye - Fing should be kept frozen until lab
preparation. Prior to sectioning, allow to thaw and dry for a few days
to remove excess moisture. The stage of dryness has a considerable
effect on the readability of lake trout fin rays. Do not allow them to
over-dry.

White sucker - Take the first three pectoral fin rays with a heavy
cutting implement. If possible, air dry before storing in envelope.

In the lab, fin rays should be allowed to air dry prier to sectioning. The
flesh and skin around the rays and connecting the rays should be dry
and hard enough to provide a matrix to hold the fins in position during
sectioning. Caution should be used not te dry the rays toe much or
they may become brittle and fracture. Very dry, brittle rays or those
from small specimens should be lightly coated with 5-minute epoxy

and allowed to dry thoroughly (i.e., approximately 12 hours) before
sectioning.

For cutting, place the fin ray in a small vise with the anterior (largest)
ray facing up. Using a jewellers saw equipped with a fine toothed (e.g.,
No. 5) jewellers saw blade, cut three to five sections of approximately
0.5 mm thickness. Sections should be examined periodically under a
dissecting microscope to ensure that they are suitable for ageing (i.e.,
thin enough to allow adequate light transmission for identification of
annuli, yet thick enough to prevent sections from becoming too
translucent), Sections removed from the ray should be placed on a
labelled glass microscope or acetate slide in the order they were
removed from the fin ray (i.e., place the basal section closest to the
label and each successive section adjacent to the previous one). The
sections can be permanently affixed to the slide by applying a small
drop of mounting medium (e.g., Diatex, Flotex} on each section. The
mounting medium should be allowed to dry thoroughly before the
slides are returned to the scale envelopes for storage to prevent the
surface of the medium from distorting or adhering to the envelope.
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Interpretation

Lake sturgeon - Sunde (1961) placed sturgeon fin ray sections in
absolute aleohol for temporary viewing.

White suckers - It may be necessary to embed fins of smailer suckers in
epoxy to prevent shattering when they are sectioned. Fin ray sections
can be preserved after viewing by wrapping them in parafilm and
returning them to their envelope.

Yellow perch - Thaw and let fin air dry for a few days before sectioning.
Very small fins should be embedded in epoxy to prevent them from
shattering.

View prepared fin ray sections under a dissecting microscope using 20
to 50X magnification. The microscope should be equipped with an
adjustable mirror situated below the slide base to allow viewing using
transmitted light (light directed through the structure from below).
Adjusting the mirror to increase or decrease the amount of transmitted
light often improves the image and provides better definition of the
annuli. Using transmitted light, the hyaline annuli appear as narrow,
light, concentrie rings.

The use of transmitted light on {in ray sections with very closely
spaced annuli may make it very difficult to distinguish individual
annuli. These are often easier to see if viewed using reflected light
(light shone directly on the viewing surface from above) and a flat
black viewing background. In reflected light, the hyaline annuli will
appear as dark narrow bands.

Lake sturgeon - View with a dissecting microscope using transmitted
light. ldentification of annuli can be facilitated using a blue filter.
The innermost visible growth check is considered as the first annulus.
Some fin rays (particularly from older females) are difficult to read
because of crowded annuli. Haugen (1969) found that annuli could be
more easily distinguished at their greatest curvature on the ventral-
radial axis of the arrow-shaped sections. Ages were assigned to these
individuals by taking the mean of readings from two persons from four
pectoral ray cross-sections.

Lake trout - View using reflected lighting.
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{oldevel/mooneye - View under transmitiod light.

White sucker - View at 50X using transmitied or reflected lght, The
focus is considered to be the first annuius.

Yellow perch - View against a flat hlack background using reflecled
fight If the first annulus is missed there will be a triangular, diffuse,
iighter shape in the centre of the siructure,

Walleye - View sl 40X, using travsmitied or reflected light., Annuli
appear as compieie Hnes around the focus (small hary area in centre).
The frst annubus is relatively close to the focus. Olten in slder fish the
annuli are crowded and somewhat obscure near the outside adge of the
section.  False annuli usually appesr as fuint, incemplete linss or
shady areas in close proximity 1o trus annuli

Plate I8, COrosssections of anal fin rays from yellow perch.
second section from near base of anal spine showing frst annulus.
fourth section from base showing loss of Tirst annulus on first 3pine.
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SCALES

Removal

Preparation'

Scrape mucus and epithelial cells from sample area prior to taking
scales. Deposit scales in envelope for drying. Bind envelopes together
with an elastic band to prevent scales from curling in the envelopes.

Rainbow trout - Scales from juvenile fish can be collected and stored as
smears on thin, flexible acetate slides covered with “Stretch and Seal”

or another plastic film (Power 1964). Larger scales are best collected
in envelopes.

For hard to read scales, place scales in a pepsin solution (5 mL
powdered pepsin in 250 mL warm water®). Remove them after one to
two minutes, rinse them in fresh water, and then rub the scales with a
paper towel to remove foreign material. Scales should then be dried for
three to five minutes before ageing. Scales can be placed directly
between the glass plates of a microfiche reader or placed between glass

slides (taped together) or between acetate slides held together with a
few drops of acetone.

After mounting the scales on the slides, slides can be immersed in a

pepsin bath or a pepsin solution can be injected between the slides to
clean the scales to facilitate reading.

An alternate method of cleaning the scales that works for rainbow
trout involves soaking scales mounted on slides for five hours in 2%
KOH solution, followed by an overnight soaking in de-ionized water.
It may be necessary to soak the scales in a welting agent (e.g., 0.25%
Brij solution) before cleaning to ensure penetration of the KOH

INote: Some of the suggested methods include clesning and clearing scales with enzyme solutions (pepsin or
trypain). Jim Allen reports a logs of small thin scales presumably by continued enzyme action. To prevent this he
dips the scales into an ammonia solution ("household ammeonia seems to work well”) to denature the enzyme and
help to prevent long term deterioration of the scale.

Note: Pepsin may break down quickly in solution. Prepare a fresh solution each day.
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Interpreiation

solution, and to hold slides in a press to prevent curling. Samples
should be viewed under polarized, transmitted light to count annuli.

The scales can then be read with the microfiche reader (such as Bell
and Howel Model ABR 917 microfiche reader equipped with a 17 mm
and a 22 mm lens) or with a scale projector.

Scales from large lake whitefish and cisco are often dark making
annuli identification difficult. These scales should be imprinted onto
acetate slides using a scale press and then the impressions can be aged
with a microfiche reader.

Many fish populations exhibit excellent growth for their first three or
four years. The first annulus is usually quite obvious.

The lateral and posterior fields of the scale are both used for ageing.
The lateral field normally shows the the annuli clearly up to the age of
maturation, but after this, the posterior field usually must be used to
identify annuli.

An annulus can be identified using the following criteria:
¢ when seasonal growth stops, one or two or a series of partial or

broken circuli erowded together may be produced between two
complete ones.

¢ circuli are often seen ending at different places along the lateral
margin at the time the annulus is formed. Sometimes there is a
‘crossing or cutting’ over when growth resumes as a new circulus
is laid down which cuts off the unfinished ends of the previous
circuli.

® the relative distance between the circuli is another criteria used
in ageing. Circuli tend to be farther apart during the period of
fast growth (spring and summer) and closer together during the
period of slow growth (fall and winter). Annuli are characterized
by a crowding or narrowing of the circuli that can usually be
followed around the anterior and lateral portion of the scale.

¢ after the fish mature, their growth slows substantially and
becomes fairly uniform from year to year with a similar number
of circuli being laid down. This can be used to a certain extent to
identify annuli.
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I APPENDIX A I

ANALYSIS OF COVARIANCE FOR COMPARING
LENGTH-WEIGHT REGRESSION EQUATIONS

The preferred method of comparing the condition of fish populations is through comparison of
the length-weight regression equations using analysis of covariance.

The following is an explanation of some of the terms whose values should be recorded during
the calculation of the length-weight regression. These values are necessary for the comparison
of two or more regression equations. In this discussion, the log;g length values are represented
as X, and the logy g weight values are represented by Y.

Coef. of Determination = r®

Formula: r* = ( (n(EXY) - (X)) )2 (1)
V(nEXE - (EX)) (aEY?- BV

Log 10 Length means = X = ?;I_l& (2)

Logjp Weight means = Y = §n_\_’_ (3)

Sum of X squared = TX? 4

Sum of x squared = corrected sum of X squares = Zx° =

(ZX)?
2 -
pe - (=—) (5)
Sum of Y Squared = £Y? (6)
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Sum of y squared = corrected sum of Y squares = Zy* =

v - =y ) @
n
Sumof XY = Z(X-Y) (8)
ZX.ZY
Sum of xy = corrected XY = Zxy = LXY - ( ) (9)

COMPARISON OF REGRESSION EQUATIONS:
Linel: Yy = a; + b1X;
Line2: Y9 = ag + byXs

(1) TestofSlopes Hp : by = hg (adapled from Sokal and Rohlf 1969, p. 455)

(b; - by)?

Fs = [errorsumsaq; + ERRORSUMSQ, :I |: 1+ 1 ]

L n; +ng-4 Zx? Eax?

where: ERROR SUM SQ can usually be read directly from an analysis of variance table
for each when a computer statistical package is used, or calculated as

(Zxy)?
ox?

Byt -

Zx2, is the “Sum of x Squared” (equation 5) (i.e., corrected sum of squares); and
n = sample size for each.

For rejection region, compare Fg ZF [ (3 n, + 0,-4) |
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orTy = V FS Zt(nli‘n.r-l)

Iftesting by = bg, use 2-tailed test (i.e., 1 - «/2); if testing null hypothesis that
by = by or else by = by in such a way that the probability of Type 1 error is P or
less, then use a one-tailed test of significance (i.e., 1 - =)

2) Test of Regression Intercepts Hg : a; = as

{(adapted from Kleinbaum and Kupper 1978, p. 103)

ay-ag
T = =
ERRORSUM $Q; + ERRORSUM SQg 1 1 &2+ X2
- + — + -
ny +ng-4 ny ng Ix?  Daxt

where: ERROR SUM SQ can usually be read directly from an analysis of variance table
for each when a computer statistical package is used, or calculated as

Exy)
Tx?

EJ'2 -

X= logig Length Means from equation 2

Ex2 is the "Sum of x squared” (equation 5) (i.e., corrected sum of squares); and

n = sample size for each.

For rejection region, compare | T I Z t (n, +ny-4,1-a2 forHp: ay =ag
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l APPENDIX B l

ABBREVIATIONS

The preferred abbreviations Lo be used in reporting fisheries data are
those outlined in the Canadian Journal of Fisheries and Aquatic
Science Guide to Authors (first issue each year}. These are as follows:

becquerel

calorie

centimetre
centimetre, cubic
centimetre, square
centimeter per gram per second
cottlomb

day

decimetre

degree Celsius
degrees of freedom
gram

hectare

hertz

hour

joule

kilometre

litre

lumen

lux

metre

metre, square
metre, cubic
micrometre
milligram
millilitre
millimetre
millimetre, square
minute

molar mass

Bg
cal
cm
cm3
cm?2
cm.g' 1 .s- 1
C

d
dm
“c
df
4
ha
Hz
h

J
km
L
Im
1x
m
m2
m3
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ABBREVIATIONS (Continued)

mole

moles per litre
month

Pascal

second
standard deviation
standard error
tonne

volt

volume

waltt

week

year

mol
mol/L, M
mo

Pa

SD
SE
vol

wk
yr
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SPELLING
Spelling of the following words is frequently inconsistent in fisheries
reports. It is recommended that authors follow the style of the
Canadian Journal of Fisheries and Aguatic Science which is presented
below:
age-class (n.) open water (n.)
age-group (n.) open-water (adj.)
aquaculture (n.) percent (n.)
Aretic char (n.) salt water (n.)
brackish water (n.) saltwater (adj.)
brackish-water (adj.) sea-run {adj.)
chi-square (n., adj.) seawater (n., adj.)
cold water (n.) shallow water (n.)
cold-water (adj.) shallow-water {(adj.)
deep sea (n.) short term (n.)
deep-sea (adj.) size-class (n.)
deep water (n.) snowmelt (n.)
deepwater (adj.) soft water (n.)
freshwater (n., adj.) softwater (adj.)
fresh water (n.) tidewater (n., adj.)
groundwater (n., adj.) ttest (n., adj.)
hard water (n.) warm water (n.)
hardwater (adj.) warmwater (adj.)
headwater (n., adj.) year-class (n.)
lake water (n., adj.) young-of-the-year (n., adj.)
meltwater (n., adj.)
ageing - the process of determining the age of a fish.
aging - the process of getiing old.
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