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ABSTRACT 

Population Dynamics of the Ringed Sea1 

in the Csnadian Eastern Arctic 

A total of 10,856 individusl ringed seal specimens was obtained 

from the Home Bay and Cumberland Sound areas, on the east coast of 

Baffin Island, N.W.T., during a population dynamics study started in 

1966. Tooth structure, important in age determination, is described 

in detail. The reproductive biology was studied and the annusl 

reproductive cycle is described. The seasonal distribution of seals 

shows an offshore dispersion of young seals in the winter, the fast 

iee being occupied by breeding adults. An aerial survey eombined 

vith behavioral observations gives population estimates of 70,684, 

36,316 and 58,782 seals, for Home Bay, Hoare Bay and Cumberland 

Sound. Best estimates of age-specifie survivorship and fertility 

values were applied to a computer population projection model. 

Intrinsic rates of r a 0.016798, b a 0.25726 and d a 0.188928 vere 

obtained for the exploited Home Bay population. A hypothetical 

unexploited population had rates of r a 0.109007, b = 0.197074, 

d a 0.088067. The best estimate of the sustainable yield was calculated 

to be 8.84 percent. The Home Bay population was found to be exploited 

at a level of 7.20 percent, while the Cumberland Sound population is 

being overexploited, since 15.70 of the population ia harveated 

annuslly. This however is possible since an estimated minimum of 4,142 

seals, produced by the adjacent unexploited coastline, come into 

Cumberland Sound annually. 
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Population Dynamics of the Ringed Seal 

in the Canadian Eastern Arctic 

This study bas dealt with over 10,000 spec~ens of ringed seals, 

the greater proportion of which were bought from local Esk~o 

hunters. This approach bas resulted in the gathering of the largest 

number of Phocid specimens in any study tbat the author is aware 

of, and one of the most complete year-round samples taken of 

Pinnipeds on the whole. Both the large sample size and the year

round gathering of specimens has permitted the estimation of realistic 

vital statistics for the population. 

The development of seven computer programs have helped greatly 

in 80rting and ordering the large amount of data gathered during 

this study. The population projection programs SIMIJ and SIMl4 

permit the calculation of intrinsic rates for the exploited populations 

and also allow estimation of intrinsic rates for hypothetical 

unexploited populations. Various effects of change in survivorship 

and fertility patterns can also be tested using these programs. 

Finally, this approach has permitted the calculation of a realistic 

sustainable yield for a ringed seal population. 
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INTRODUCTION 

The ringed seal ~ hispida (Schreber) 18 circumpolar in 

distribution along the arctic coasts (King, 1964). In eastern 

North America it ls reported from the North Pole south ta the 

lower north shore of the St. Lawrence River (Mansfield, 1967) 

and is sometimes found as far up as the entrance of the Saguenay 

River (R. Otis, personal communication). McLaren (1958a) has 

made a comprehensive study of the biology of the ringed seal 

population in south-western Baffin Island, and reviews the 

literature on the biology of this specles up to tbat time. 

Purther work by the same author (MCLaren, 1958b, 1961a, 1961b, 

1967) deals vith the economica, avai1ability, density, and 

population dynamics of the riDged seal in eastern arc tic waters. 

Recent studies on the taxonomy and distribution of the speeies 

inelude Chapski (1955), Scheffer (1958), MClaren (1960a, 1960b, 

1966), Rice and Scheffer (1968), Mueller-Wil1ie (1969), and 

Burns and Fay (1970). A discussion of the biology, density 

and population dynamics of populations near Point Hope, Alaska 

1s presented by Johnson et al. (1966). Fedoseev (1965) and 

Nazarenko (1965) give details on the reproductive biology of this 

species in the Okhotsk and White Seas. Nazarenko (1968) 

d1scusses age and sex-specifie differenees 1n body size and 

weight. Usher and Cbureh (19698, 1969b) present a statistieal 

evaluation of tbe best est1~tor of veight fram length and 

girth measurements. Recent papers include the ringed seal in a 



2 

discussion of methods of age determination (Tikhomirov and 

Klevezal, 1964; Klevezal and Kleinenberg, 1967) and an account 

of the distribution of the ringed seal in the northern Bering 

and Cbukchi Seas (Burns, 1970). 

The present investigation of the ringed seal vas begun in 

the summer of 1966. Populations of seals from two large areas 

on the east coast of Baffin Island, Home Bay and Cumberland 

Sound (Fig. 1) vere studied. The seal population in Cumberland 

Sound is heavily exploited vhile the Home Bay region, though 

highly productive is very lightly hunted. lt vas thought that 

a comparison of the dynamics of these tvo populations, if they 

are di.crete stocka, vould provide valuable insights bto the 

factors involved in population homeostasis. If, on the other 

band, the stocka of the tvo areas vere not separate, the study 

of a population over such a large geographic area would provide 

good information on population distribution, dispersion and 

migration. 
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Fig. 1. Hap showing the Home Bay and Cumberland Sound study aress, 

on the eI.t coast of Baffin I.Land, N. W. T. 
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THE STUDY AREA 

Previous KaDlD8lian Studies in the Ares. 

The first important work on the mammals or the Rome 

Bay - CUIIlberland Sound area was made by Ludwig Kumlein (1879). 

He described the various Esktmo settlements in Cumberland 

Sound and provided brief notes on the Dl8DlD81s and birds in the 

area. Law (1906) described the Cetacea of Cumberland Sound 

during the cruise of the ~eptune. Hantzch (1913) worked out 

fram B1acklead Island an the south-eastern shore of Cumberland 

Sound and also in the Nettil1ing Lake regian. Soper (1924 

unpublished, 1928) working fram Pangnirtung fiord gave a 

description of the physical features of Cumberland Sound and 

an annotated list of the 25 species of animals known ta live 

on Baffin Island at that time. Anderson (1943) worked on 

ringed sea1s found iu NettLUing Lake. Saper (1944) provided 

a further annotated list of mammal species inbabiting southern 

Baffin Island. 

Description of the Area. 

4 

Baller, Foote and Cove (1967) in a broad study of the 

economics of the east Baffin coast described the climate, ice 

distribution, tides. currents, geo10gy, topography end 

physiography of the Home Bay and Cumberland Sound areas. They 

also discussed the aocient and recent history of the area and 

provided information on the development of the variou. E.k.imo 

villages fram Clyde River at the north end of Home Bay ta 

Pangnirtung, the on1y village in Cumberland Sound at the present 

t1J:ae • 
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HATERIALS AND METHODS 

Data Collection. 

In order to obtain meaningful figures on the dynamics of the 

ringed seal population, large numbers of specimens were bought from 

tbe Eskimo hunters in Broughton Islsnd for the Home Bay ares and 

from hunters in Pangnirtung for Cumberland Sound. Hunters were 

paid $1.00 for the lower jaws of the seal together with information 

on the locality and date on wbicb the anLmal was shot. A totsl 

of 1,932 jaws for age determinations were obtained in 1966 from 

Cumberland Sound. In 1967, 2,566 jaws from Cumberland Sound and 

4,213 javs from Home Bay vere collected. In 1970, 1,000 javs 

wbich also included information on sex vere sgain collected from 

Home Bay. 

Since the greater proportion of the specimens bought from the 

local hunters did not include any biologicsl information other than 

age, it was necessary for biologists of the Pisheries Research 

Board of canada to hunt thair ovn specimens as vell as to proce8s 

seals killed by local bunters in order to describe the reproductive 

biology of the ringed seal in Cumberland Sound and Home Bay. 

A total of 1,145 seals vere processed from which reproductive tracts, 

stomach contents and various tissues for bistological studies and 

pesticide content analysis have been collected. Table l summBrizes 

the type of data and number of specimens included in this study. 

Narrative of the Field Work. 

Work on tbe ringed seal of east Baffin Island vas begun in the 

summer of 1966. Ouring tbe period from 20 Hay to 5 September 1,900 



Table 1. Summary of type of data and number of spec~ens included in this study. 

Number of specimens 

1932 

2566 

4213 

1000 

436 

89 

620 

Area and year collected 

Cumberland Sound 1966 

Cumberland Sound 1970 

Home Bay 1967 

Home Bay 1970 

Cumberland Sound 1967 

Cumberland Sound 1969 

Home Bay 1967 

Material collected 

Jawa for ageing 

Jaw8 for a8eing 

JawB for a8eing 

JawB for a8ein8 

Jaws and reproductive tracts 

Jaws and reproductive tracts 

Jaws and reproductive tracts 

0\ 
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jaws for age analysis were bought from Eskimo hunters in 

Cumberland Sound. From 19 Hay to 7 June A. W. Mansfield, P. 

Brodie and F. Keith travelled extensively by dog team and 

"skidoo" on the fast ice of Cumberland Sound hunting ringed seals 

with the Eskimos. Ouring this period biological specimens were 

collected and an unsuccessful attempt was made to count birth lairs 

in the fast ice. Following the breakup of ice, counts were made 

of seals in the open water from a 22 ft freighter canoe and from 

the M. V. Calanus during the period 7 to 17 August. 

The period 8 May to 3 August 1967 was spent by C. W. Nicol 

travelling in Cumberland Sound hunting ringed seals and buying jaws 

and reproductive material from Eskimo hunters. In this vdy 2,598 

jaws and 317 reproductive tracts WŒe collected. A. W. Mansfield 

and D. Robb spent the period 8 May to 15 September 1967 travelling 

and collecting ringed seal material in the Home Bay region. Before 

the return of the field parties from Cumberland Sound and Home Bay, 

arrangements were made through Eskimo assistants for the collecting 

program to continue until the end of April 1967. 

The period 23 May to 28 June 1968 was spent by the author in 

Ekalugad fiord at the northern end of Home Bay. Ouring this period, 

counts were made of the seals on the fast ice of the fiord, in or der 

to determine the date of the peak of the haul~out period and the 

maximum density of seals at this time. ln 1969 the period 30 ~~y to 

28 June vas spent in the same fiord doing similar studies= In 

addition to the daily counts of seals on the fiord iee, limlted areas 

of iee vere observed for 24 hour periods, on a number of different 
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occasions, in or der to study the diurnal peak of seals on the ice 

and to document the seasonsl progression in the number of hours spent 

out of the vater by individual anUDals. 

An aerial and ground census of seals on the fast ice of Home 

Bay vas made from 28 June to 7 July 1969. Ground counts vere made 

during travel by "skidoo" from Ekalugad fiord to Broughton Island 

from 28 June to l July. 

The period from 8 July to 13 September 1969 vas spent in 

Cumberland Sound. The purpose of MY stay in this area vas to collect 

pregnant ringed seals. Hunting vas carried out in the open water 

from a 22 ft freighter canoe. lt vas also possible to make a trip 

out of Cumberland Sound past Cape Mercy, to the Hoare Bay area, in 

late August and early September, uaing the 45 ft. longliner "Aiviq" 

belonging to the Department of Indian Affairs and Northern 

Development. 

Treatment of Materials. 

Tooth sections. Both cross and long sections vere made of the 

teeth. Sections vere tben stored in a mixture of alcohol and 

glycerin. Ail sections vere examined under transmitted ligbt. Cross 

sections vere cut and ground by the metbod described in Pisher and 

Mackenzie (1954). Long sections vere made by imbedding the teetb in 

Ward's Bioplastic medium and cutting vith a Gillings-Bamco 

thio-sectioning macbine. ln this vay sections of approximately 100 

microns in tbickness vere obtained. 

Reproductive uterial. Kale reproductive uterial cooshted of 

a transverge alice tbrougb tbe testis and epididymia preserved in 
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Bouinls solution. The tissue was then imbedded and stained with 

Ha~risl haematoxilin and eosin. Mounted sections of the epididymis 

and testis were examined for evidence of spermatogenic activity 

under 100 magnification using a compound binocular microscope. The 

mean diameter of testis and epididymis tubules were calculsted from 

ten tubules chosen at random. The mean percent sperm was also 

calculated fram ten randomly chosen epididymal tubules. 

Female reproductive material included the ovaries, and in the 

case of mature animaIs, the uterine cornus with the ovaries attached. 

These were preserved in 107. formalin. Ovaries were sectioned at 

approximately 3 millimeter intervals with a scalpel and then 

examined under a magnifying lampe Counts were made of the number of 

follicles greater than 5 mm in diameter, and measurements taken of 

the two greatest diameters in the corpora lutes and most recent corpus 

albicans. 

Other measurements were taken and tissues preserved fram 

specimens collected by the staff of the Fisheries Research Board of 

Canada. These include measurements of the nose - tail length, maximum 

girth, blubber thickness over the sternum and total body weight of 

some animaIs. Samples of brain, blubber, muscle, and liver were 

preserved in lat formalin for pesticide content analysis. 

Data Analysis. 

AlI data collected in this study were transferred to IBM punch 

cards. Six programs were developed to analyse these data. The 

programs were ~Tltten ln Fortran IV and run on the IBM 360 
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~. v computers, models 65 and 75, at tbe HCGil1 University Computing 

Centre. A complete description of the source decks, input and 

outpu~can be found in Smith (1970). 
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AGE DETERMINA'liON AND 'l00TH stRUCtURE 

The determination of the absolute age of Pinnipeds by 

examination of tooth structure vas developed independently by 

Scheffer (1950) and Lavs (1952, 1953a, 1953b). Since then 21 

species of seals have been aged by counting aunual layers of either 

dentine or cementum (Klevezai and Kleinènberg, 1967). 

McLaren (1958a) showed that the counts of thedentinal annuli 

from cross sections of teeth in tbe ringed sesl was the most reliable 

method of ageing this species. He observed that alternating bands of 

opaque and translucent dentine vere observed in thin cross sections 

of teeth un der transmitted light. The annual pattern of dentine 

depos1tion was demonstrated by examin1ng the dentine being laid 

down next to the pulp cavity during two veek intervals throughout 

the year. lt was shawn conclusively that the r1nged seal lays down 

a translucent band from the end of March to approximately the middle 

of June and for the rest of the yeer forma an opaque dentine band. 

Ages determined from the dentinal annuli compared vell with those 

obtained from counts of r1dges on clava and layers in the cementum. 

The main purpose of this section is an attempt to descr1be 8S 

clesrly as possible the microscopic criteria of the teeth uaed in 

ageing, so that different investigators working on the ringed seal 

will obtain comparable results. Both long sections and cross sections 

of the teeth have been used in this study. 

'looth Topology. 

The sagittal section. Sections of approximately 100 microns in 

thickness vere made in the long axis of the tooth to show the 
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Enamel cap 

1mm 

l 

Translucent denti ne 
(year 1) 

\ 
Opaque dentine 

Opaque dentine (year1) 
(year 2) 

Fig. 2. Drawing and photograph, of a 1+ ye~r oid r1r.~eG S~J: 

tooth, showing the orientation of the ~in structures 

used in age dete~nation • 
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;Adventitious growth line 

-~--, 

/Neonatal line 

1mm 

1 
. 'Enamel cap 

. "Translucent denti ne (year 1) 

\ "Opaque dentine (year 1) 

Opaque dentine (year 2> 

Fig. 3. Draving and photograph, of part of a sagittal section, 

fram a 1+ year old ringed seal tooth, showing the 

position of the neonatal 1ine. 
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t orientation of the main structures and tissues. Fig. 2 is a 

diagram of such a section showing a tooth 1+ years of age. The 

position of the different measurements taken are shawn. 

Three different types of tissues are recognized in the sections: 

the enacel, the cementum and the dentine. The dentine under 

transmitted light consists typically of opaque followed by 

translucent bands. In the firat year of dentine growth a darker 

band of dentine is laid down at birth. This neonatal line is ususlly 

easily seen in long sections. This line occupies a position half 

way across the opaque dentine of the first year near the apex of the 

pulp cavity (Fig. 3). The mean distance fram the apex of the tooth 

to the position at whi~h the neonatal line cames to the surface i8 

9.36 mm. This is equivalent to the length of the tooth at birth. 

The relative positions of the neonatal line, the enamel, and 

cementum are variable. Measurements concerning this were taken 

slong the buccal side of the long section. The position at which 

the cement begins to form may be above or below the point at which 

the neonatal line cames to the surface of the tooth. The distance 

between the enamel and cement also varies greatly and does not 

appear to be a function of age. In most cases the enamel and cement 

do not join each other and often are separated by distances 8S large 

as 14.00 mm. 

The main increase in length of the canine tooth occurs in the 

firat tvo years of life. Seme time between year 2 and 3 the pulp 

canal closes (Fig. 4). Thereafter the canine tooth increases very 

litt le except for a slight increase caused by the deposition of 
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cementuœ on the root. Fig. 5 shows the increase of total tooth length 

fram a mean of 14.43 mm in seals less than 1 year of age ta a mean 

of 22.01 mm in animals older than 2 years of age. 

The cross section. Since it is much quicker ta prepare a cross 

section than a long section, this is the method most frequently used 

for ageing large numbers of specimens. ln ageing teeth fram such 

sections the most difficult task is ta define the extent of the first 

year of growth. Often the translucent dentine laid down at the end 

of the first year does not form a very well defined band. Because 

of this the neonatal line can be used as a useful reference point 

in making a judgement about thickness of the opaque dentine in the 

first year. If the cross section is cut high enough, that is, Just 

below the enamel cap, the neonatal line can usually be seen. lt 

appears as a slightly more opaque line which in fact i8 the junction 

between two bands of the dentine of slightly different opacity, laid 

down in the first year. 

The widths of the dentinal annuli in a number of cross sections 

have been measured and are shawn in Fig. 6. Since the level of the 

section varies to a certain extent fram tooth to tooth much of the 

variation in measurements can be attributed directly to this. lt 

can be seen from Fig. 6 that the widest dentinal annulus ia formed 

in the first year (contrary to the statement by Klevezal and 

Kleinenberg, 1967, p. 124) and decreases through to year 9 vbere the 

curve levels off. ln very old sections the annuli become extremely 

crovded and are even narrower. The pulp cavity appura to be fi lled 

in animals betveen the age of 25 and 30 yurs. 
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Klevezal and Kleinenberg (1967) suggest tbat it is possible to 

determine the age at seltual maturity of the ringed seal by changes 

in the rate of dentine deposition as seen in the width of dentinel 

annu1i. They maintain that the value of the ratio,of the vidth of 

the annua1 dentine of year (w + 1), to the width of the dentine in 

year (w), shows a marked reduction in year 4 and cODcluded that this 

reflects the age at sexual maturity in the ringed seal. A siœilar 

ana1ysis vas made in this study but no marked chanae in the dentine 

deposition rate was seen (Fig. 7). A gradual decrea.e in the ratio 

of dentine vidth fram one year to the preeeding year wal seen t vhich 

appeara to reflect a gradual decrease in grovth generaUy. The curve 

begins to leve1 off around six years of age which agrees vith 

McLaren (1958a) who found that 87.6t of the grovth in body length 

has been achieved when the ringed seal is about six yeara old. 

Tooth Tissues. 

the dentine. Three types of dentine appear in examination of 

teeth uoder transmitted l1ght. McLaren (1958a) bas ahawn that the 

normal annual sequence of dentine formation ia the laying down of 

opaque dentine fram July to Harch vith the subsequent dep08ition of 

traoslucent dentine fram the end of Harch to the end of June. The 

present investigation substantiates theae findings. 

McLaren (1958a) also mentions that occalionally reticulated or 

vacuolated dentine is seen. He states tbat the usual sequence of 

banda consists of dense (opaque) f0110ved by thin (translucent) 

folloved occalionaUy by reticulated (vacuolated) dentine. Later 

he goe. on to say tbat the reticulated dentine often is leen st the 
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Fig. 8. Draving and photograph (Fig. 8, continued), of a portion Jf 

tbe sagittal section from a canine tooth, showing tbe relativ~ 

positions of opaque, translucent and v8cuolated dentine. 
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Fig. 8. Continued. 
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beginning of the thin dentine in seals which showed the broadest 

thin (translucent) bands in the spring. In this study a careful 

examination of the positioning of the three types of dentine relative 

to each other was made. lt appears that usually opaque dentine is 

fol1owed by a translucent band at the times of the year described 

by MClaren (1958a). The formation of vacuolated dentine is not a 

constant feature. From a samp1e of 208 teeth •• 08 of the animals 

had vacuolated dentine in the most recently formed dentina1 annulus. 

Most teeth contain some vacuolated dentine in the opaque dentine 

near the base of the tooth formed shortly after birth (Fig. 2). 

This might be a resu1t of the changing environment and feeding 

conditions from the time of birth through suckling and weaning. 

The position of the vacuolated dentine, with respect to the opaque 

and translucent dentine. is not easily defined. Often when vacuolated 

dentine is present it appears to overlie or be formed during the 

deposition of the opaque band (Fig. 8). In some sections it appears 

to form the border of the opaque band lying next to the translucent 

band. In no case is it a definite band as in the case of Lobodon 

carcinophagus reported by Laws (1958) and as imp1ied for the ringed 

seal by Mclaren (1958a). 

The cementllD. Although there 18 an annual deposition of cementum 

in the ringed seal, it i8 not laid dovn in clear enough bands to be 

considered as a reliable method of ageing specimens. lt ls 

occasionally used as a method of age determination when the seal ls 

so old that the pulp cavity is completely filled. ln these cases 

long sections sbou1d be used, since only a few places along the length 
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of the ares of cementum formation, are clear enough for age 

determination. 
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Fig. 9 shows the position of the cementum in a sagittal section 

of the tooth. The closure of the pulp canal results from both the 

inward curving and growth of dentine and the deposition of cementum 

on the surface of the dentine. Fig. 10 indicates tbat the increase 

in tbe thickness of dentine through the years is fairly constant, 

averaging a 0.043 mm increase in thickness annually. 

Discussion. 

A certain amount of confusion has arisen surrounding the 

terminology applied to the description of the discontinuous growth 

zones in the dentine. Under transmitted light the dentinal annuli 

are best described as opaque and translucent. These appear as 

dark and light bands respectively. In reflected light the opaque 

and translucent bands take on the opposite appearance of light and 

dark bands respectively. lt is suggested that "opaque "and "translucent " 

only be used to describe the light reflecting or transmitting qualities 

of the different bands in order to avoid any possible confusion. 

One other point of discussion involving the dentine concerns 

the relative amounts of calcium in the opaque and translucent annuli. 

The early workers dealing vith this matter (e. g. ~s, 1953b, 1958, 

1962; Fisher, 1954; MCLaren, 1958a) all assumed that the light

transmitting qua1ities of the two bands depended on the relative 

amounts of calcium they contalned and that the opaque band was 

hyper-calclfied. More recent1y other workers (e. g. Klevezal, 1963; 

Kubota et al., 1961; Ohaumi, Kabuya and Niahiwaki, 1963; Klevezal 

and Kleinenberg, 1967) have atated that tbe translucent dentine la 
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the most heavily calcified. Klevezal and Kleinenberg (1967) 

explain the hyper-calcification of the translucent band by assuming 

the rate of calcium deposition to be constant throughout the year. 

They further explain that since there is less organic stroma to 

caver in the narrower translucent annulus, which reflects a period 

of slow-dawn in growth, the tissue becomes more densely impregnated 

with calcium. No proof is presented for their assumptions of a 

constant rate of calcium deposition. As evidence for the theory 

that translucent dentine is hyper-calcified, they state that 

haemataxylin and silver nitrate stain the translucent annuli more 

heavily and that these stains react more intensively to well 

calcified tissues. Neither of these stains bas been shawn to be 

specifie for calcium and their use as quantitive indice tors of 

differences in calcium content is quite inconclusive (Best, 1970). 

Sergeant (1969) gives support ta the clatm of higher calcium content 

in the translucent dentine on the basis of microradiography of toath 

sections. Contrary evidence has been found by Bevelander, Scott 

and Nylen (1962) in examining the contour 11nea of Owen in human teeth 

by soft roentgen raya. They showed that these bands, which are 

analogous to the translucent ennuli, are hypo-calcifled. Evidence 

for a greater calcium content in the opaque dentine ls a180 

inconclusive. Best (1970) states that demineralization of sperm 

vbale teeth by formic acid results in grooves correaponding to the 

position of the opaque dentinal bands. The suggestion that the 

optical differences in the dentine might be independent of the 

minera1 content bas been put forvard by Kleveul (1963) and Best 
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(1970). This is not unreasonable since no proof has ever been 

advanced that different calcium contents are the causes of the 

opaque and translucent qualities of dentine. More work involving 

chemical analysis and radiographie examination of teeth is needed 

to resolve this debate. 

A number of possible causative factors have been discussed for 

the discontinuous manner in which dentine and cementum are laid down. 

Thus Laws (l953b) with reference to the work of Mellanby (1928), 

suggested vitamin D as the 1imiting factor in calcium formation, 

and stated that the elephant seal obtained vitamin D by hau1ing out 

and basking in thè sun. Fisher (1954) found that the harp seal laid 

down translucent dentine during the period of haul-out and came to 

the conclusion that the seals were laying down thin (translucent) 

dentine during the fasting period because the main source of vitamin 

D was in their food. McLaren (1958a) linked the formation of 

translucent dentine to the period of fasting and moult. carrick 

and Ingham (1962) suggested that the change in dentine is governed 

by a change in hormonal activity. Klevezal and Kleinenberg (1967) 

were of the opinion that the discontinuous growth of dentine 

reflected a yearly rhythm in the overall growth rate of animals in 

general. They did not speculate on the specifie cause of this 

although they implied that the period of retardation of growth 

generally corresponds to tbe winter season. No definite conclusions 

about the causes of discontinuous grovth of dentine can be made 

until the structural nature of the different dentinal bands i8 

determined. Even then, it is probable that a number of different 



factors cODtrol tbe annusl dentine cycle and that different 

species will differ in their causative factors. 

29 
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GRowrH 

Prenatal growth will be described in the section dealing with 

delayed implantation and foetal development. A comparison of the 

nose - tail length of a full term foetus of 657 mm (MCLaren, 1958a) 

and the mean nose - tail length of yearlings collected one to three 

months after achieving nutritional independance shows a 29t 

increase in length. No comparable data areavailable on the increase 

in weight but studies on other pinnipeds have shawn that pups often 

more than double their weight before weaning due to the high fat 

content of the mother's milk (Sivertsen, 1941; Amoroso and Mathews, 

1951; Lavs, 1953b; Harrison, 1960). 

The largest ringed seal collected in this study vas a 14 year 

old female that measured 151 cm from nose to tail, vith 8 maximum 

girth of 108 cm and an estimated weight, by the formula of Usher 

and Church (1969a), of 73.14 kg (161.21 lbs.). McLaren (19588) 

recorded a male of 156 cm veighing 222 lbs. The length of adult 

ringed seals varies greatly and the weight has further variation 

introduced by the seasonal change in blubber thickness. 

Sex-Specific Differences. 

Examination of the nose - taU length measurements shows that 

males are larger than females. Seals vere divided into tvo age 

groups, yearlings (0+) and adulte (7+ and older). The yearling 

males vere st larger than the females but the difference vas Dot 

quite signifieant when tested with at-test (P a .069). Adult males 

vere found to be 6.59t larger than adult feœales and the difference 

vas highly significant CP < .01). 
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Table 2. Comparison of nose-tail length between seals taken in Cumberland Sound and 

Home Bay. 

COOIparison 

Homo Bay - Cumborland Sound Yearlings 

Home Bay - Cumberland Sound Adults 

Hoare Bay - Cumberland Sound Adults 

Percent dlfference 

in nose-tail length 

6.58 

4.00 

9.10 

ProbabiUty of 

t-value t arising by ehance 

0.81 P>.4 

2.19* p"*.os 

7.43** Pc: .001 

w 
~ 
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Comparison of Cumberland Sound and Home Bay Seals. 

The nose - tail lengths, maximum girths, and estimated weights 

(Usher and Church, 1969a), of the Home Bay and Cumberland Sound 

seals in each age class are shawn in Figs. 11, 12, and 13 

respectively. In all cases lt appears that the Home Bay animals 

are the largest. The seals were divided into yearling and adult 

age groups and statistical comparisons of nose - tail lengths made 

between the animals frOID Home Bay and Cumberland Sound (Table 2). 

The yearlings of Home Bay were 6.~~ larger than those fram 

Cumberland Sound but the difference was not statistically significant 

(P> .4). The adult age groups in this comparison were significantly 

different, the Home Bay animals being 4~ larger than the Cumberland 

Sound seals (pc .05). A comparison of the Hoare Bay and Cumberland 

Sound adults showed the Hoare Bay animals to .be 9.1t longer and the 

difference was again significant (Pc .001, d. f. 33). 

The difference in size between animals from Home Bay and 

Cumberland Sound 1a probably a function of the stability of ice in 

the areas used for breed1ng lairs. MCLaren (1958a) comments on 

th1s fact and considers iee stab11ity and parental care as the 

ultimate factors affecting the final size of ringed seals. All 

evidence in this study suggests that this is the best explanation. 

Cumberland Sound is known to be an ares of unstable fast ice vith a 

large tidal amplitude and a large area of open ice undercut vith 

strong currents. The Home Bay and Hoare Bay areas, on the contrary, 

bave complex eoastlines vith lov tides and extremely stable iee. 

Evidence shovn later in eonnection vith the sessonsl movements of 
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seals indicate that a large proportion of the seals in Cumberland 

Sound bave been produced in the Hoare and Home Bay regions. lt 

would seem likely that these dispersing seals were produced in 

the less stable peripheral ice of these two areas and that they 

also are of a smaller size therefore contributing to the overall 

small size of the Cumberland Sound sample. 
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REPRODUCTION 

Suual Haturity. 

The male. The best criterion for esUblishing sexual maturity 

in the male is the presence of spermatozoa in the epididymal 

tubules during the breeding season. In the ringed seal the rut 

is considered to extend fram March to approximately mid-Hay, 

although males have been collected vith spermatozoa in their 

ejaculatory ducts as early as December and January (Nazarenko, 

1965; Johnson et al., 1966). On the basis of the presence of 

spermatozoa in the epididymis, McLaren (1958a) concluded tha t the 

ringed seal male attains sexual maturity at the age of 7+ years 

although one specimen of 6+ years, taken in June, had spermatozoa 

present in the testis tubules. Johnson et al. (1966) report all 

testes through 6+ years of age to be immature, vith an abrupt 

increase to almost lout sexually mature animals in the 7+ year 

class. Nazarenko (1965) dealing vith specimens taken in January 

only, reports spermatozoa in the epididymis of animals 7 years and 

older. 

In the present study very fev adult males vere collected and 

all were taken after mid-Hay, well pa st the peak of the breeding 

season. Ooly one specimen PRC 142, shot on 19 Hay 1966 in 

Cumberland Sound, showed small numbers of spermatozoa loosely 

packed in the testia and the epididymal tubules. All other 6pec~en8 

examined showed no apermatoa08 at all, although all the animals 

7+ years and older contained cellular detrltus in the epididymis, 

evidence of recent sexual activity. A number of adult males vere 



38 

o40~------------------------------------~ 

-J: 
1-e 

35 

~ 
+ N 30 
J: 
1-
el 
Z ... .... 

w 
N 25 
CI) 

CI) 

.... 
CI) 
w .... 20 

• 

• • 

• 

• • • • • • • 

15~~----~----~&~----~------~------~--~~ 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

AGE (VEARS) 

Fig. 14. Increase of testis size, (length + width /2) , 

vith age. 



200 

190 

180 

170 

-160 
~ 

.!lSO 
a: 

140 w 
~ w 

130 ~ 
ct 
ë5 120 
~ 100 
;:) 
CD 100 ~ 

90 

80 

70 

60 

50 

39 

• TESTIS TUBULE 

o EPIDIDYMIS TUBULE 

.0 •• 

............................ , 

......

.. /.P. 
••• 0. •••• 

p........... . ....... '0...... . ... ~ .......... -o ••••• 

:- ..... . ..... . 
... i .. Cf'. 

rj. 

2 3 456 
AGE (YEARS) 

7 8 9 

Fig. 15. Increase in the diameters, of the testis and epididymal 

tubules, vith age. 

10 



40 

shot as late as mid-June, the testes of which were not collected, 

but the sea~ had the strong odor characteristic of males ln rut. 

It ls therefore probable that some males are in breedlng condltion 

later than mid-May. 

Indirect evidence of sexual maturity in the male can be 

obtained from several dlfferent criteria. Fig. 14 shows a graph 

of the testls size (length + width/2) against age for the material 

from Pangnirtung. Testis size is seen to increase markedly between 

the ages of 7+ and 9+ years lndicating the attainment of sexuel 

maturity during this periode Fig. 15 shows the increase in diameters 

of the testis and epididymal tubules with age. Again the most marked 

incresse in diameter is seen in the 7+ year class. It appears 

from these data that sexuel maturity in the male occurs at age 7+ 

which agrees with the findings of previous studies. 

The female. Direct evidence of sexuel maturity in the female is 

obtained by examination of the ovaries for the presence of a corpus 

lutewn of ovulation. In addition to the presence of a corpus luteum, 

a corpus albicans in an animal of age (n + 1) is taken to indicate 

an ovulation in the year class (n). Calculations of the percentage 

of animals sexually mature in each year class vere made using the 

formula CL(n) + CA(n + 1) vhere CL(n) ls the number of animals in the 
n + (n + 1) 

year class n containlng corpora lutea and CA(n + 1) is the number of 

animals in year class n + l vith a recent corpus albicans. 

The percentage of female sexually mature seals in the year 

classes 0+ to 10+ is shovn in Table 3. 



Table 3. Age-specifie pcrcentoges of sexually mature fcmale sea1s in the Cumberland 

Sound and Home Bay samples and in threc other ringed seal studies. 

Percent sexually mature femo1es 

(1) (2) (3) (4) (5) 

Home Bay Cumberland Boare Bay Johnson et al. MCLaren 

(1967) (1967) (1969) (1966) (19580) 

Ago Porcent N Percent N Percent N Percent N Percent N 

0 

1+ 

2+ 

3+ --
4+ 40.0 22 12.5 8 40.0 5 8.0 16 12.0 17 

Si- 59.2 42 20.0 10 33.0 6 60.0 10 22.0 18 

6+ 54.8 63 11.8 17 80.0 5 55.0 9 78.0 18 

7+ 85.7 98 57.9 19 100.00 4 93.0 14 100. 12 ~ .... 
8+ 91.2 114 92.3 13 75.0 4 100.0 20 100.0 8 

9+ 100.0 117 100.0 7 100.0 3 100.0 18 100.0 3 

10+ 100.0 77 100.0 3 100.0 2 100.0 20 100.0 
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These data were compared with similar data obtained from specimens 

collected in Home Bay, Cumberland Sound and Hoare Bay, and 

earlier data from two other studies: McLaren (1958a) in southeastern 

Baffin Island, and Johnson et al. (1966) around Point Hope, Alaska. 

Examination of 27 pairs of avaries of antmals in age classes 

0+ ta 3+ from Home Bay, and 107 pairs of ovaries from Cumberland 

Sound failed ta show any follicles greater than l mm. in diameter, 

and no signs of ovulations were detected. 

The Home Bay sample reveals that 40.9t of the 4+, 59.zt of the 

5+, 84.8~ of the 6+, 85.~ of the 7+, 9l.2~ of the 8+, and 100t of 

the older age classes are sexually mature. The percentage of 

sexually mature animals is higher in tbe Home Bay sample than in the 

otber samples to which it is compared.in Table 3. The main difference 

lies in the higher percentage of mature animais in age classes 4+ 

and 5+. 

The Home Bay and Hoare Bay samples are most similar in the 

percentage of sexually mature females per age class, whereas the 

Cumberland Sound sample differs considerably from both of these. 

The s~larity between the Home Bay and Hoare Bay data might be 

explained by the fact that bath area, have complex c0l8tlines with 

stable fast iee, ideel for breeding lairs, and that both areas are 

relatively lightly hunted. Cumberland Sound differs from these areas 

in baving un'table fast ice and be1ng beavily hunted. lt is pos8ible 

hovever that the differenee is not a real one oving ta the sm.ll 

number of a~ecimen8 in the Cumberland Sound semple. The differenee. 

betveen the Home Bay .ample and the otber tvo stud1es lies mainly in 
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the higher proportion of sexually mature animals in age classes 

4+, 5+, 6+ frœ Home Bay. The difference may not be significant 

aince it could have arisen from the larger number of animals 

considered in this analysis and the Home Bay sample may therefore 

be more representative than other reproductive studies made so far. 

The Ovarian Cycle and Female Reproductive Structures. 

The follicles. The female reproductive material gathered during 

this study ia restricted to the period fram mid-May until 

mid-September and represents only a short portion of the Se8sonal 

cycle. In each ovary the number of follicles greater than 5.0 mm. 

in diameter and the size of the largest follicle vere recorded. The 

mesn number of fol lie les greater than 5 mm in diameter and the mean 

size of the largest follicle in both the ovary vith and vithout the 

corpus luteum vere examined for all age classes. Once the animal is 

4+ years old, these do not vary significantly vith age. 

Fig. 16 shows the mean number of follicles greater than 5 mm 

in diameter and the mean diameter of the largest follicle at tvo·veek 

intervals fram 1 Hay 1967 to 15 September 1967. In the ovary vithout 

the corpus luteum the number of follicles decline until a slight 

increase i8 seen in early September. In the ovary containing the 

corpus luteum the picture is not st all clear. In both ovaries the 

si~e of the largest follicles decline until the end of July, when a 

œarked lncre.se in diemeter is noticed which persists until the end 

of August. In bath the elephant seal Kirounga leonina (Lavs, 1956) 

and the ringed seal (McLaren, 1958a) • slight increase in the n~ber 

of follicles in both ovaries occurs near implantation tiae. 
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Table 4. Comparison of the mean size of the largest fo11icles 

in ovaries with and without a corpus luteum. 

Hoare Bay pregnant 

Hoare Bay pre-implantation 

Home Bay pregnant 

Home Bay pre-implantation 

t value 

2.88* 

1.66 

1.20 

2.88* 

19 

4 

26 

108 

P. of difference 

arising by chance 

>0.03 

> 0.10 

>0.44 

-=0.05 
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Table 5. Comparison of the follicle size in avaries with and 

without a corpus 1uteum between pregnant and non

pregnant anima1s. 

(a) Comparison in the ovary with a corpus luteum. 

Hoare Bay 

Home Bay 

t value 

1.186 

0.56 

d.f. 

16 

68 

P. of difference 

arising by chance 

=- 0.46 

>0.54 

(b) Comparison in the ovary without a corpus 1uteum. 

Hoare Bay 

Home Bay 

t value 

1.84 

1.52 

d.f. 

16 

68 

P. of difference 

arising by chance 

>0.08 

>0.15 
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Comparisons were made between the mean size of the largest 

follicles in avaries with and without a corpus luteum. The best 

sample for making this comparison is made up of 54 females taken 

from May to the end of July in the Home Bay area. These dates 

probably exclude any possibility of implantation or preparation 

for implantation which might affect the follicle sizes 

differentially in the ovary with or without the corpus luteum. This 

sample is named "Home Bay pre-implantation" and the comparison of 

the mean sizes of the largest follicles between ovaries containing 

the corpus luteum and those without is shawn in Table 4. The result 

of a t-test shows tbat the ovary not containing a corpus luteum bad 

a significantly larger folliele size CP < .01). A signifieant 

difference, P • <.037, was also found in the "Hoare Bay pregnant" 

sample. The "Hoare Bay pre-implantation" sample and the "Home Bay 

pregnant" sample, animals showing an aetual implantation, did not 

show signifieant differenees between the follicle sizes in the two 

ovaries, sinee t-tests gave probabilities of 0.107 and 0.44 that 

the differenees eould bave arisen by chance. 

Comparisons of the folliele sizes in ovaries with and without 

a corpus luteum between pregnant and non-pregnant animals are shown 

in Table 5. In the ovary eontaining the corpus luteum there does 

not appear to be any signifieant difference in the mean diameter of 

the large8t folliele between pregnant and non-pregnant animals 

(Table 58). In the ov8ry without the corpus luteum there i8 a more 

marked difference in the mean size of the largest follicle between 

pregnant and non-pregnant animals but the differenee8 are still not 
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significant at the 0.05 level (Table Sb). 

A number of different types of degenerating follicles were 

observed. Haemorraghic follicles (Best, 1967) were occasionally 

seen. These are usually smali biood filled follicles of 1.0 to 

2.0 mm. in diameter. A more common type of degenerating follicle 

was round in cross section and contained the hardened and often 

orange-colored remains of the liquor folliculi. These follicles 

are probably analogous to the cystic follicles described in the 

fur seal Callorhinus ursinus by Pike et al. (1960) and Craig 

(1964), and similar to the atretic follic1es found by Laws (1961) 

in the fin whale. They range in diameter from 1.0 to 10.0 mm and 

are generally situated deep in the ovary. They probably are active1y 

growing follicles which are suppressed either st ovulation or some 

other time during the follicular cycle. These have been found in 

either ovary whether there was a corpus luteum present or note 

Scars left by atretic fo11icles such as the corpora abberantia 

of Laws (1961) were not found by gross examination. lt is like1y 

that atretie follicles disappear very quickly, which may be a function 

of the sma11 size of the ovaries. This is paralleled by the short 

duration of. the corpora albicantLs. 

The corpus luteum. Examination of the corpus luteum through 

the age classes 4+ to 21+ failed to show any relation of size vith age. 

Fig. 17 indieates tbat there is a gradual inerease in size of 

the corpus luteum from early July to early September. Comparison 

betveen corpora lutea of pregnant and non-pregnant seals taken in 

August failed to revesl any significant differenees in mean sizes. 
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In general the corpora 1utea of pregnancy were more highly 

vascu1arized, but no obvious signs of regression of corpora lutea 

not supporting foetuses were seen even as late 8S September. This 

is probably due to the fact that many of the specimens not showing 

a foetus were in fact pregnant, but the blastocyst had not yet 

implanted. 

A small number of corpora lutea were observed which had 

cavities still filled with liquor follicu1i. These resemble the 

vesicular corpora lutea described in the fin whale "by"Laws (1961) 

and in the sperm whale by Best (1967). Thirteen animaIs showed this 

type of corpus luteum which represents 2.691. of aIl specimens 

examined. 

Two specimens were found which contained accessory corpora 

lutea. In specimen number PH79 the ovary containing a large corpus 

luteum also contained follicles of less than 5.0 mm in diameter 

which were aIl completely luteinized. 

In specimen PH532 only two large corpora lutea, each 7.0 X 

10.0 mm in diameter were found, both in the left ovary. These 

corpora lutea could have been formed from the simultaneous rupture 

of two mature follicles, or more possibly by the rupture of one 

follicle and the consequent bursting of the wall of the large follicle 

next to it. Luteinization would then probably occur in both follicles. 

One specimen PR321 might in fact show that some accessory 

corpora in the ringed seal are the result of immature follicles that 

have erupted. In this animal the ovary opposite the one containing 

the corpus luteum showed five erupting follicles, none greater than 



Ta bIc 6. Agc.- specific size and nwnber of corpora albicantia and the percentage of seals with 

the corpus albicans in the ovary opposite the one containing the corpus lutewn. 

Percent of seals with corpora 

Size of corpus albicans Nwnber of corpora albicantia albicantia in opposite 

Age Class N Mean size visible (both ovaries) ovary thao corpus lutewn 

5 5 7.40 1.00 66.6 
6 13 6.80 1.00 84.6 
7 28 6.80 1.10 85.7 
8 48 6.50 1.10 77 .1 
9 46 6.60 1.10 73.9 

10 56 6.50 1.10 76.8 
11 40 6.90 1.10 80.0 
12 30 6.60 1.10 65.5 
13 23 6.70 1.10 87 .. 0 
14 11 6.25 1.10 72.7 
15 13 6.80 1.40 75.0 
16 4 6.15 1.50 50.0 
17 2 6.25 1.00 100.0 
18 2 7.75 1.10 100.0 
19 
20 3 6.70 1.10 0 
21 3 6.20 1.10 100.00 
26-
31-

VI 
36- .... 

Mean 6.67 1.10 85.2 
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5.0 mm in diameter. The follicles were empty of liquor folliculi 

and did not have any luteal elements, indicating that they had 

probably erupted a short time before the animal was collected. 

What the eventual appearance of the follicles would be is not 

knawn, but it is possible that they would have luteinized and formed 

accessory corpora lutea. 

The corpus albieans. The relationship between age of the seal 

and the number and size of the corpora albicantia is shown in 

Table 6. The mean diameter of corpora albicantia visible in both 

ovaries is 6.67 mm and the mean number is 1010. There are no 

apparent correlations between age of the specimen and number or 

size of corpora albicantia. 

The variation in the diameter of the most recently formed corpus 

albicans vith time ls shawn in Fig. 18. Mean diameters at two-week 

intervals fram Hay to September show the diameter to decrease fram 

a maximum of 6.8 mm to 5.43 mm. No semples were taken past 

mid-September, but the continuous decrease in the size of the corpus 

albicansresults in its almost total disappearance after two years. 

This is shovri by the count of the total number of corpora albicantia 

wbich gives a mean of 1.1 per set of avaries. 

A definite alternation of ovulation fram one ovary to the other 

exista in the ringed seal. Table 6 gives the percentage of animais 

vith the corpus albicats and the corpus luteum in the opposite ovary 

for each age clasa. An average of 8st of the animais show an alternation 

of ovulation fram one yur to tbe next. 

Hiaaed ovulations. Animais can fail to reproduce by not 
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ovulatingj or by ovulating and not being fertilizedj or by the 

blastocyst failing to implant; or by abortion or resorption of the 

embryo. 

Four seals PH63, PH184, PH186, PH524 aged 11+, 9+, i4+ and 

9+ respectively, did not contain corpora lutea although they had 

aIl previously borne young, as shawn by their reproductive tracts. 

The medulla and cortex of the ovaries of the four specimens 

appeared to be more highly vascularized than ovaries containing 

corpora lutea. AlI the follicles of both ovaries of PHl86 were 

filled with blood while a large proportion of the follicles of 

PH184 were also haemorraghic. Although this might be interpreted 

as a further indication of an abnormality preventing ovulation, 

small numbers of haemorraghic follicles were occasionally found in 

ovaries containing a functional corpus luteum. 

Four corpora lutea were found which were smaller than the 

average size indicating a possible missed fertilization. lt is not 

definitely known if these animaIs were fertilized since none of the 

specimens were taken later than mid-July. AlI their corpora lutea 

appeared to be normal with no vascularization or development of 

~onnective tissue. Three of the four animaIs PH296, PHC433, and 

PH556 were nulliparous aged ~, 5+, and 7+ respectlvely. These 

seals had corpora lutes of 6.0 X 5.0 mm, 7.0 X 7.0 mm, and 

6.0 X 5.0 mm, in cross section. The fourth specimen PH38 was a 

nulliparous feœale 9+ years old. The corpus luteum wes 6.0 X 4.0 mm 

in cross section and wss identical in appearance to the others. 

No evidence was found of failure to implant a blsstocyst owing 
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to luteal malfunction. All specimens taken in August and September 

had normal functional corpora lutea. Examination of the reproductive 

tracts failed to show any evidence of prenatal mortality from 

abortion or resorption of the conceptus, but it must be mentioned 

that only a limited number of whole reproductive tracts vere 

examined. 

The uterine cornua. Measurements vere made of the diameter of 

the uterine cornua, sectioned halfway along their length. A sharp 

increase 1n diameter 1s seen at the 6+ age class vith a levelling 

of the curve at the 9+ age clau (Fig. 19). If 1t is asslDDed that 

the 1ncrease in the cornua s1ze 1s caused by the bear1ng of young, 

then the graph shows the age at first eonception to be one year 

later than it actually is. The graph supports the previous evidence 

fram ovarien and reproductive tract exam1nat1on that reproduction 

is first seen in animaIs of 5+ Years and that loot of the 9+ year 

animals are sexually mature. 

The diameter of the cornus in 0+ age animaIs is larger tt~n 

in adolescent seals. Harrison, Hatthews and Roberts (1952) 

observed tbe same phenomenon in Hal1choerus gmus and ~ vitul1na • 

• 
In bath these species tbe uteri resembled those of the bitch in 

oestrus. and they concluded that the uterus had been subject to some 

hormonal stimulation causing proliferation of the epithelium and 

active secretion fram the glands. 

Suspended Development, Implantation of the Embryo and Development 

of the Foetus. 

The phenamenon of suspended development, or delayed implantation, 
'.\ 
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is known to be widespread in the Pinnipedia (Harrison, 1969). 

MCLaren (1958a) calculated that the period of suspended growth 

was in the order of 3.5 months in the ringed seal. 
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The earliest foetus measured in this study was 4.0 mm in length 

and taken from an animal shot on 12 July 1969 in Cumberland Sound. 

The lat est implanting blastocyst was seen as a swelling in the 

uterine horn of a specimen shot on 7 September 1967. Allowing a 

maximum of two weeks for the growth of the early specimen to the 

size of 4.00 mm, this gives a spread of implantation dates of 

approximately 71 days. MCLaren (1958a) and Johnson et al. (1966) 

state that the male rut ends about mid-May. In this study a number 

of males were collected in mid-June which were still in breeding 

condition, as evidenced by their strong rutting odor. Such seals 

are known as tiggak by the Eskimos. Since moulting white costs 

which average about two weeks old, are occasionally seen as late 

as the third week in June, the last births probably occur during 

the first week in June. This evidence suggests that the breedlng 

sesson begins around the middle of March and extends as late as the 

second week in June. Johnson et al. (1966) state that no pregnant 

females were taken past April 8; therefore it is probable that the 

peak of pupping is in late Karch and the peak of mating in early 

April. 

A linear regression of length of foetus on time W8S made. 

using l April as the nominal birth date. Fig. 20 shows the regression 

line plotted through all the data fram this study, 8S well 8S the 

foetal lengths taken fram MCLaren (19588). Regression lines vere also 
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Table 7. Statistical evaluation of regressions of foetal length 

on time for all the data available, for data fram Hame 

Bay and for data fram Cumberland Sound. 

Sample F value 

All data (Fig. 20) 179.587** 

Home Bay 3.127 

Cumberland Sound 0.922 

l,58 

1,9 

1,13 

P. of arising by chance 

< 0.001 

> 0.076 

~ 0.65 
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calculated separately for the sets of data from Home Bay and 

Cumberland Sound. A statistical evaluation of the regression 

lines is given in Table 7. The variance ratio of the explained 

and unexplained variance uaing all lengths shows that the regression 

of foetal size on time has removed a significant portion of the 

variation in tbe foetal lengths. Bath the Home Bay and Cumberland 

Sound regressions contain a large amount of unexplained variance, 

witb probabilities of .07 and .65 respectively of the regression 

lines having arisen by chance. 

C8lculations of the period of suspended development and the 

length of active growtb of the embryo were made using the regression 

of all the foetal lengths according ta the method of Huggett and 

Widdas (1951), as modified by Hever and Backhouse (1968). These 

calculations result in a period of suspended development of 81 

days with an active gestation of 270 days. These values differ 

from tbose given by MCLaren (1958a), who calculated a period of 

suapended developœent of 3.5 months and assumed a period of active 

growth of 240 days. Fig. 21 summarizes the reproductive cycle 

for the ringed seal. 

Discussion. 

Follicles in both avaries are seen to increase in size around 

implantation time. Hannon (1947) showed that a decrease in 

estrogen secretion at implantation vhicb controls follicle growth 

by suppressing production of FSH (follicular stimulating hormone) 

by tbe anterior pituitary, results in a wave of follicular development. 

After implantation. the corpus luteœ secrete8 proge8terone. lt 18 
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possible that progesterone also stimulates follicle growth and this 

would explain the significantly larger follicles found in the 

avaries containing the corpus luteum (Laws 1953b). During pregnancy 

the placenta secretes estrogens which keep the level of follicular 

activity down in bath ovaries (Marshall and Hoir, 1952). 

No significant differences were found between the sizes of 

corpora lutea of pregnant andnon~regnant animals taken in August 

and September. MCLaren (1958a) described the change in the 

histological structure of the gland from May through to implantation. 

Initially the gland is pale yellow vith little connective tissue 

or vascularization. Near implantation the corpus luteum becomes 

noticeably vascularized and finally nearly all the luteal cells 

are separated by fibrous trabeculae. lt appears therefore that the 

histological appearance of the gland and not the size is the best 

indication of the state of the corpus luteum. Pike et al. (1960) 

found that resorbing corpora lutea in the fur seal, Callorhinua 

ursinus decrease little in averall size since regreasive elements of 

connective tissue replace luteal tissue. 

Evidence fram the present study suggests that there are a 

number of possible ways of forming accessory corpora lutea. They 

may be formed from unruptured follicles, from erupting immature 

follicles, from the simultaneoua eruption of two large follicles, or 

from the rupturing of the wall between two large follicles one of 

wbich bas ovulated. 

~~croscopic traces of the corpus albicans appear to be 

completely absent after two years. ln the ringed seal MCLaren 
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(1958a) found that animals up to 10 years old retained a maximum 

of four eorpora albieantia. In bath the ringed seal and the harp 

seal (Fisher, .1954) a balance appears ta be attained between the 

number of eorpors albieantia gained and lost after 10 years of age. 

In Otaria byronia (Hamilton, 1939) and the elephant seal (Laws, 

1953b) eorpora albieantia are resorbed eompletely within a year. 

It is likely that in the ringed seal detailed microscopie 

examination would reveal more than one corpus albieans. However 

sinee error ean be introduced by confusion of small eorpora 

albieantia with remnants of more reeent atretie follieles. only 

the most reeent corpus albieans has been eonsidered in all 

ealeulations of reproductive rates. 

A definite alternation of ovulation was seen by campa ring 

the frequency of occ~e of the corpus albicans in the ovary 

other thsn the one containing the active corpus luteum. This 

is eaused by the fact that the oestrogens secreted by the placenta 

have a greater effect on the ovary containing the corpus luteum 

whieh is usually on the side of the pregnant uterine horn. It 

is possible that one of the reasons for failure of alternation of 

ovulation is eaused by transmigration of the blastocyst to the 

other uterine horn as va. shawn ta oceur by MCLaren (1958a). 

A number of factors can affect the length of total gestation 

in an animal having 8uspended development (delayed implantation) • 

ln the ringed seal ovulation appeara to oceur shortly after 

parturition. Lactation, whieh ia estimated to be in the order of 

two menths, doea not appear to delay ovulation if the ealculated 



period of delay of implantation of 81 days is correct. since the 

earliest implantation in this study occured at the beginning of 

July. 

Harrison (1969) states that in some seals there is an interval 

of about 2 mouths betveen conception and suspension of development 

of the embryonic blastocyst. and infers that this might also occur 

in the ringed seal. Evidence in this study contradicts this view 

since blastocysts in a very early developmenœdstage vere seen as 

late as 7 September indicating that the suspension of development 

of the blastocyst begins almost tmmediately after fertilization. 

The causes of delayed implantation in the Pinnipedia are not 

vell understood. Lavs (1956) suggests that in the elephant seal 

the delay is caused by secretion of oestrogen by the ovaries, 

vhich inhibits the release of luteo-trophine by the anterior 

pituitary. Other investigators have found that oestrogens 

administered to ovariectomized rats can overcome the delay in 

implantation (Cochrane and Meyer, 1957). This however applies on1y 

to animals having the facultative type of delayed implantation. 

The administration of oestrogens or progesterones to animais vith 

obligate delayed implantation has never stimulated growth in the 

blastocyst (Daniel, 1970). lt is probable that the delay in 

implantation in pinnipeda is a combination of inhibiting and 

stimu1ating factors. lt is also probable that hormones interact 

vith other tissues to produce substances that are necessary for the 

growth of the blastocyst. Daniel (1968) and Daniel and Kri&hnan 

(1970) have found that the uterine fluids collected during delayed 
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implantation in several mammalian species show a lower protein 

content than in animals in active gestation. They also 

identified a protein called "blastokinin" in the uterus of rabbits 

which is shawn to stimulate blastocyst growth in vitro. 

Delayed implantation in pinnipeds is exclusively obligate and 

does not seem to be a secondary effect caused by external, 

physiological, or behavioral factors such as day-length, temperature, 

moulting, lactation or migration (Harrison 1963,1969). lt appears 

to be a definite reproductive feature which must impart some 

selective advantage to the an~l possessing it. 



SEASONAL MOVEMENT OF SEALS 

Seasonal Distribution and Dispersal of Age Classes. 
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The distribution of seals at different times of the year was 

investigated by examination of age-frequency distributions 

obtained from the Home Bay and Cumberland Sound catches. 

The Home Bay area. The histograms in Fig. 22 show a 

semilogarithmic plot of the percentage-age-frequency distribution 

of seals taken in the Home Bay region during four periods in 1967. 

In May, the adolescent animals (age 1+ to 6+) represent .19 of 

the population sample. In June this proportion rises to .34, 

a significant increase (chi square a 40.21 pc: .005). During the 

period of l July to 31 October, which represents the open water 

season, the adolescents show a further significant increase to 

.42 of the population (chi square a 16.43 P a .005). The period 

l November 1967 to 31 March 1968 has the highest proportion of 

adolescent seals (.67) with very few adults present. Proportions 

of the yearling, adolescent and adult seals are shown in Table 8. 

In the Home Bay region the highest proportion of yearlings 

(0+ seals) occurs in the month of June on the fast ice. As the 

season progresses this percentage decreases because the seals 

become decreasingly catchable as they grov older. The adolescent 

year classes are lovest in the Hay catches. They increase in 

proportion in the June, July to October and November to March 

semples. The increase in the June and the folloving open water 

period reflects the movement into cosstal areas by the adolescent 

animals. This supports MeLarents (1958a) assertion, tbat, during 
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Table 8. Proportions and frequencies ( ) of yearlings, 

adolescents and adults from catches taken at different 

tilDes through the year frOID Home Bay and Cumberland Sound. 

Yearlings Adolescents Adults 

(a) Home Bay 

1 - 31 Hay 1967 .39 (159) .19 (79) .42 (175) 

1 - 30 June 1967 .39 (737) .33. (660) .28 (552) 

1 July to 31 Oct. 1967 .27 (195) .42 (307) .31 (227) 

1 Nov. 1967 to 

31 March 1968 .20 (46) .68 (157) .12 (29) 

(b) Cumberland Sound 

1 - 31 Hay 1967 .27 (144) .61 (319) .12 (65) 

1 - 30 June 1967 .37 (425) .52 (592) .11 (126) 

1 July to 30 Sept. 1966 .25 (288) .59 (536) .16 (147) 

5 Nov. 1966 to 

30 April 1967 .22 (37) .64 (108) .14 (24) 
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the winter fast ice season, the adolescent animals are excluded 

from breeding ice by the adult seals. During the period 1 November 

1967 to 31 Harch 1968 the adolescent seals form the largest proportion 

of the catch, adult 8eals being almost completely absent. Most of 

the hunting during this period is done at the floe edge~during the 

period when the ice is beginning to freeze up. This area is occupied 

exclusively by adolescent 8eals. Very little hunting in this part 

of the Canadian Arctic is done at the breathing holes, and the adult 

animals, which during this period are dlstrlbuted under the fast lce, 

are largely inaccessible to the hunters. The h1.ghest proportion of 

adults is taken in the May period although there are probably as many 

adults present in June. This is due to a comblnatlon of factors. 

The area hunted at this time of the year is the fast ice which ia 

still occupied mainly by adult animals and the pups which have Just 

been borne The adolescents are still, to a large eztent, absent fram 

these areas, but gradually move in through the month of June. In 

Hay the adult females are still suckling their newborn pups making 

them vulnerable to being shot vhereas in June most of the pups have 

been weaned. In Hay the hunters willfully hunt the adults but in 

JUDe they avoid dolng so because they knov the anisaals are in full 

moult and the pelts are almost vorthless. Becauae of the number of 

factors affecting the age-frequency distributions, 1. e. seasonsl 

segregation of age classes and availability of seals to the hunter, 

hunter selection, and decreasing catchabillty of the yearling seala, 

it la difficult to obtain a repreaentative age-frequency di.tribution 

for the population. The age di.tribution obtained for the open vater 
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S88Son (1 July to 31 October) ls judged to be the most representative 

vith some qualifications. lt is evident that the 0+ animals in this 

sample are over-represented because they are naive and therefore more 

easily killed. It is also possible chat the adolescent seals may 

be slightly over-repreaented in the younger age classes and become 

decreasingly catchable aa they grow older. For this reason the first 

two or three age classes may always be biased to a small extent. It 

is felt that the older adolescent age classes and the adult animals 

are equally catchable and therefore show a representative age 

structure. 

the Cumberland Sound area. ln Cumberland Sound the seasonal 

distribution of the different age classes does not appear to follow 

the same pattern as in Home Bay. The histograms in Fig. 23 revesl 

that a high proportion (mean • .59) of the animals in Cumberland 

Sound are adolescents in all the date perioda considered. 

Comparison of the histograms from the four periode does not 

give as clear-cut a picture of seas0081 movement as in the Home Bay 

sample. It does appear however that there is a higher proport ion 

of yearling seala in the June catch than in either the Hay or open 

vater catch. The difference vas tested and found to be significant 

in both cases (chi square • 11.58 and 15.78 respectively, P-= .005 

in both cases). This higher proport1.on of yearlings in June might 

be Interpreted as a movement into Cumberland Sound by yearling seala 

produced in adjacent areas such aa Hoare Bay. 

Indications are that there i8 never any great concentration 

of adult seals in the Cumberland Sound hunting areas. The maximum 
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proportion was .16 which was seen in the open water period of l July 

to 30 September. lt is possible that the ice instability due to a 

large tidal amplitude of 19.5 feet (Pilot of Arctic Canada, 1959) and 

strong currents, cause the area to be largely unsuitable for breeding 

purposes, and this would explain the low number of adults. lt is 

very likely that the hunters of this region are exploiting the seals 

that are born in unexploited, highly productive areas outside 

Cumberland Sound. This is supported by a definite indication that 

yearling seals move into Cumberland Sound from outside areas in June. 

Discussion. 

One of the most likely areas to be supplying Cumberland Sound 

with young seals is the unexploited coast line between Cape Dyer 

and Cape Mercy, which includes the Hoare Bay region. One sample of 

ringed seal obtained there in the open water during September 1969 

showed .54 (13/22) of the animaIs to be sexually mature. Although 

this is a small sample the higher proportion of adults is significantly 

greater than in the open water sample taken in Cumberland Sound 

(chi square· 2.60 p. .05). The proportion of adult seals in the 

Hoare Bay unexploited population was observed to be even greater 

than in the Home Bay samples although not quite significantly so 

(chi square • 2.31 P • .193). This difference might indicate that 

the unexploited population in Hoare Bay contains a maximum number of 

adult animals and this would support the theory that such a population 

could act as a supply center of young seals for a highly exploited 

ares such as Cumberland Sound, immediately adjacent to it. 

An important factor vhich likely promotea this dispersal is 
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J 
• the Canadian Current which sweeps along the coast fram Cape Dyer 

past Boare Bay and into Cumberland Sound, crossing over to Nuvuyen 

on the southeast side of the Sound fram Leopold Island near Cape 

Mercy (Pilot of Arctic Canada, 1959). The adolescent seals, which 

occupy the peripheral areas of ice Just prior to breakup are likely 

to follow this current into Cumberland Sound where the fast tce 

breaks up usually about two weeks earlier (around mid-June) than 

the fast ice along the outer coast. The yearling seals which appear 

to come into Cumberland Sound during the month of June are also 

likely influenced in tbe same way by the current and the earlier 

breakup of ice at the mouth of the Sound. The southeast coast 

outside Cumberland Sound also probably contributes a quantity of 

seals to the annual hunting returns, but perhaps to a lesser extent 

than the Boare Bay area because of the direction of the current. No 

age samples have been obtained fram this area but the complex1ty of 

the coastline indicates that it 1s probably quite productive. 
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COUNTS AND BEHAVIORAL OBSERVATIONS ON THE FAST ICE 

Counts of seals on the fast iee and a study of their diurnal 

behavior patterns were made in Ekalugad fiord during Hay and June 

of 1968 and 1969. Ekalugad fiord, whieh is situated at the 

northern extent of the Broughton Island hunting area, was Ideal 

for these purposes beeause it was subjeet to very little hunting 

disturoanee and had a high density of seals. The fiord is 36 

miles long, 5 miles aeross at the widest part, narrowing to 

approximately 1.5 miles in the arms at the landward end. The 

surrounding terrain i8 high, sometimes up to 2000 feet u8ually 

rising steeply from the sea level. The fast tee is very stable 

and smooth due to the low tidal amplitude of approximately 3.5 

feet. Cracks in the iee appear in late June but these are 

relatively few and are formed aIl the way across the fiord near the 

seaward end. One river enters the fiord in its northern landward 

arm causing the iee for approximstely one mile from its mouth to 

be unreliable for travelo 

Counts During the Haul-out Periode 

The period from 26 Hay to 29 June 1968 was spent making eounts 

of seals on the fast iee in the fiord. In 1969 the period 5 June 

to 26 June was spent making similar eounts and observing the 

diurnal behavior patterns of the seals on the fast iee. Fig, 24 

shows the location of the observation points, the eensus area and 

the dil~nal study area in Ekalugad fiord, Counts were made using 

a pair of ï X 35 binoculars fram obaervation points above the iee. 

The total ares eensused in this manner vas 38.58 square nautieal 
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Fig. 24. A map of Ekalu~ad fiord, at the north end of the Home 

Bay ares, showing the observation points, the census 

area and the diurnal 8tUdy ares. 
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miles. In 1968 a peak density of 7.12 seals per square nautlcal 

mile was recorded on 25 June. In 1969 a slightly hlgher peak 

density of 8.49 seals per square nautical mile was observed again 

on 25 June (Fig. 25). In bath years COUDts terminated near the 

end of June because it was necessary ta return ta Broughton Island 

before travelling on the fast ice became impossible. In 1969 

counts of seals in Ekalugad fiord were made on 7 July during the 

aerial survey, indicating that the peak number of seals in this 

area occurs later than had been shawn by the previous ground COUDtS. 

On this date 15.73 seals per square nautical mile were counted. 

During the census of 1969 a record was kept of the number of 

nursing pairs observed during the counts. Nursing pairs are 

presented as a percent . of the total number of seals counted during 

May and June (Fig. 26). A general increase in the number of suckling 

pups was seen until 9 June, after which a gradual decrease in their 

numbers was observed. If mid-April is considered the mean birth 

date these observations imp1y a 1.5 ta 2 month lactation periode 

This is supported by the fact that only one post partum female, shot 

9 June, was lactating, whereas six other post partum females col1ected 

between 10 June and 1 July had no milk in their mammaries. 

It 1s Dot clear whether or not the 1ncrease in the number of 

seals, between the end of June and those counted fram the air on 

7 July, vas due ta the cont1nued haul-out of seals resident 1n 

Ekalugad fiord, or ta an 1nflux of seals fram tbe outs1de whieh vere 

mov1ng into the remaining fast 1ee. lt appears tbat the latter 

exp1anation ls the more likely sinee densitles reeorded 1n Ekalugad 
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appeared ta have almost stabilized around 15 June. The maximum 

density recorded in Ekalugad fiord during the ground counts on 
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25 June in bath years also corresponds well with the mean fiord 

density calculated from the aerial surveys. lt is possible that, 

since Ekalugad fiord is wider and straighter than most of the other 

fiords in tbe Home Bay area, it is especially prone ta earlier 

invasion by seals from the outside at the breakup of the ice. 

Diurnal Behavior Patterns. 

In arder ta study the diurnal regime of seal density, the time 

spent by individusl animals on the ice, and obtain an estimate of 

the number of seals under the ice, the area tœmediately in front of 

the camp, in Ekalugad fiord, was observed for varying lengths of 

time of up ta 24 hours' duration, on 2, 3, 6, 7, 22 June 1969. 

Observations were made using a spotting telescope and binoculars. 

The maximum size of the observation area, about 2 squsre miles, was 

decided by the number of individusl seal positions on the ice that 

could be plotted and observed without possibility of confusion. The 

actusl positions of the seals were drawn on a map of the ares and 

the total number showing on the ice vithin the area, vhich was 

delimited by a known angle using a fixed tripod position for the 

telescope,vas recorded at each observation. 

Counts of the numbers of seals on the iee during the dey vere 

made at one- and tva-hour intervals (Fig. 27). In early June, at 

the beginning of the haul-out period, the peak numbers of seals vere 

observed betveen 1400 and 1900 hours (-4 bours G.M.T.). As the 

season progresaed the greatest number of seals vere observed from 
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, 

Mean cinimum number of hours spent on the ice, during one 

"sitting", :,y seals, on five different dates in June 1969. 
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1200 to 1400 hours. lt was also noticed that tbere was a very 

marked reduction of seals during the night hours in early June 

whereas in late June the number of seals remaining on the ice 

during the night was much higher (Fig. 27). 

The number of hours spent on the ice by individusl seals 

without re-entering the water is shawn in Fig. 28. The mean 

mintmum number of hours increases fram 5.2 at the beginning of 
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June to 7.6 on 22 June. This was observed to be true for the adult 

seals but the small number of pups observed during this time appeared 

to spend much sborter intervals on the iee. Often a pup would be 

seen on the iee for a short time then it would dis8ppear and 

presumably the same pup would reappear at the seme hole. This often 

went on at several different breathing hales during the observations 

for periods covering 4 ta 8 hours. 

Only indirect means could be used ta esttmate the number of 

seals under the tee at a given time since it was not possible ta 

identify individusl animals during the observations. If the 

simplifying assumptions hold (i) that seals used tbe seme breathing 

boles and dld not baul out at other breathing hales in or outside 

the study area and (ii) tbat counts of seals were made at the diurnal 

peak of haul-out, then an estimate of the number of seals, missed 

in the counts made at this time can be made. Using the figures fram 

the 24-hour observation perlod made on 22 June 1969, the number of 

seals at the peak of haul-out vas 19 and the total number of seals 

(different positions • dlfferent individuals) seen during the dey 

in the area vas 38. Thil indicatea that 50 percent of the sells, at 
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the peak of haul-out during the day, are under the ice. No other 

means of estimating this parameter were available. The observation 

that a seal sits out a mean minimum of 7.6 hours at a sitting would 

indieate that a seal hauls out for approximately 2 long periods in 

the day if the estimate of 50 percent of ttme spent under the ice is 

correct. lt ls realized that the simplifylng assumptions used to 

abtain this estimate are not entlrely realistlc and the figure of 50 

percent of seals under. the ice should be considered a maxtmum estimate 

only. More observations coupled with a means of marklng and 

identifying individual animals are needed to provide an accurate 

estimate of this factor wblch ls of great importance wben knowledge 

of the absolute size of the seal populations is needed. 

Discusslon. 

A number of factors are 11kely involved in the changing 

pattern of diurnal behavior as tbe season progresses. lncreases 

in the amount of daylight hours and changes in the angle of solar 

radiation, whicb are quite marked at these latitudes during tbis 

ttme of the year, might explain the advance in the day of t~e peak 

seal numbers, and the decrease in the drop off of numbers during 

the night bours, fram the beginning to tbe end of June. A corresponding 

rise in the mean daily temperatures might also be involved, although 

this is not a very marked increase. Perhaps the m08t likely 

explanation for the increased amount of ttme spent by tbe seala on 

the iee near tbe end of June,is the fact that they are in full moult 

and are very reluctant to go into tbe vater in tbis condition. lt 

is possible tbat the yearling seals spend mucb less ti.me on the ice 
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because they have finished their moult which occurs Dormally within 

two weeks of birth. 
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ESTIHATES OF POPULATION SIZE 

Aerial and Ground Census of Seals on the Fast Ice of Home Bay. 

An aerial and ground census of seals on the fast ice of 

Home Bay vas conducted fram 29 Jwe to 7 July 1969. Ground counts 

vere made during travel by "skidoo" fram Eka lugad fiord to Broughton 

Island from 28 June to l July. Some areas counted fram the ground 

vere also counted from the air on the same days. Aerial counts vere 

made from a Piper Apache on charter to the Fisheries Research Board 

of Canada fram Atlas Aviation, Resolute Bay, N.W:X. The survey lasted 

five days during vhich a total of 32.25 hours vere logged. An area 

of 1,192 square nautical miles vas covered in vhich a total of 7,020 

ringed seals vere counted. 

High and low altitude counts. At the beginning of the survey, 

cowts vere made fram an altitude of 1,000 - 1,200 feet. When l 

joined the serial survey crew on 3 July, counts appeared to me to be 

consistently low due to the difficulty of picking out seals fram a 

background of matt led ice. A comparison of the ground counts and 

counts made in the same areas from the air (Table 9) showed tbat 

there vas a consistent significantly lower number of 8eals (chi 

square • 56.51 P < .005) in the serial estimates. In addition to this 

evidence, 8 flight on 2 July vas made over the end of Eka lugad fiord 

where l bad been camped and where l knew there was a large number of 

seals. On the first pass over the diurnal atudy ares (Fig. 24) st 

1,000 feet, three 8eal. vere counted. The second paaa vas made at 

200 feet during which 73 sea1s vere observed. It vaa thus poaitively 

determined thst high altitude cowts vere gross1y inaccurate. 
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Table 9. Comparison of seal counts on the fast ice made from the 

ground and from the air (1,000 feet) in Home Bay at the 

end of June, 1969. 

Location Area of ice 

9 17.25 

10 12.93 

11 7 .. 37 

19 4.08 

23 7.03 

24 3.40 

32 9.53 

33 3.63 

Ground 

Count 

87 

23 

50 

85 

22 

54 

3 

16 

Air 

Count 

28 

11 

15 

103 

15 

20 

l 

4 

Ground 

Density 

5.04 

1.77 

6.78 

20.83 

3.12 

15.88 

0.31 

4.40 

Air 

Density 

1.62 

0.85 

2.03 

25.24 

2.13 

5.88 

0.10 

1.10 
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In the remaining days of the surveys (3 and 7 July) all 

counts vere made st heights of 40 - 100 feet, flying at a speed of 

135 - 140 mph. From this height the silhouette of the seal could be 

~een clearly which makes it very much easier to pick out. The forward 

speed of the aircraft vas great enough that seals were not scared 

dowo untU the plane was directly over or past them. With two 

observers counting vell ahead and out to the side, it is felt that 

all seals up to a distance of three miles on either side of the plane 

were counted without significant error. One test run up and down 

the same fllght pa th ln a long narrow fiord revealed tbat .74 

(124/168) of the seals up to a distance of 0.25 miles from tbe side 

of the plane dive dowo into the vater after the plane bas passed. 

Seal densities in different categories of fast ice. Three types 

of fast ice areas vere censused during the survey: ice in deep 

fiords; areas at tbe mouth of fiords and around Islands; transects 

of one mile in width, flying out toward the floe edge (offshore ice). 

Ice areas in deep fiords are easily delimited since the boundaries 

are quite definite. lt Is also relatively easy to delimit areas 

between Islands or between Islands and the mainland. Defining 

boundaries in strip counts out toward tbe floe edge was more difficult. 

Tvo strips vere flown with each observer estimating \ mile from bis 

side of the aircraft and counting all seals in that area. Both strips 

o 
vere flown 00 headings of 30 starting in the vicin1ty of a DEW Line 

slte. Counts vere made at an altitude of 100 - 200 feet to increase 

visiblllty wbich Is somewhat limited at very low levels by pressure 

ice and icebergs. Distance flown vas estimated by calculatioos 
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Fig. 29. A portion of the Home Bay area nesr Broughton Island, showing 

tbe tyPe of area censused and the categories of fast ice used, 

in œaking est1mates of the population size. 



Table 10. Densities of seals recorded on various flights fram 

different categories of fast ice. 

89 

Date Altitude Type of ice Mean density S.D. S.E. 

June 29, 30 1000 feet Fiords 3.78 3.28 0.94 

and July 2 Heads of fiords 

and around islands 4.93 9.67 2.06 

July 3 less than Fiords 8.42 4.60 1.16 

100 feet Heads of fiords 

and around islands 5.89 4.88 1.18 

July 7 less than Fiords 8.83 12.24 3.39 

100 feet Heads of fiords 

and around islands 6.53 3.38 0.87 

100 feet cape Hooper transect 

(0 to 18 miles) 5.02 

(18 to 33 miles) 1.02 

100 feet cape Broughton transect 

(0 to 27 miles) 7.98 

(27 to 33 miles) 0.19 
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involving time and air speed as well as radar fixes, at the end 

of a strip, from the DEW Line stations. 

Fig. 29 shows a portion of the Home Bay survey area and the 

categories of ice censused. Although small areas in fiords appeared 

to have considerably higher numbers of seals than others, the overall 

distribution of seals in the fiords and ice areas around islands was 

random. This was tested using the coefficient of dispersion s2 lx: 
and a test to determine the signifieanee of the depa~ture of this 

ratio from unity. The value of the standard error, SE = (2/n-l), 

was used (Greig-Smith, 1964). Critical values of Student ' & 

t-distribution of P >.9 and P =-.2 were obtained for fiords and ice 

around islands, indicating no significant departure from a random 

distribution. 

Table 10 lists the densities calculated from the three 

different types of ice areas on the different days of the aerial 

survey. No significant differences were found between the mean 

densities in fiords or around 1s1ands between counts made from a 

low altitude on 3 and 7 July (P • • 9 and P • .5 respectively) • 

Final estimates of density were ta ken from the COUnts made on 7 July. 

This yields an average density of 8.83 seals per square nautical 

mile of fiord ice and 6.53 per square naut1cal mile of iee at the 

head of the fiords and around the islands. The estimate of density 

from the strip count out fram Cape Hooper is judged to be the most 

representative. Counts were high from the other transeet since the 

beginning of the strip lay within a bay near islands and the ice 

here 1& not representative of the "offshore type" of ice area, baing 
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much more densely occupied. Also the Cape Hooper strip i8 more 

reliable since it was divided at 18 miles, shortly after the 

density of seals dropped off noticeably. A density of 5.02 seals 

per square uautical mile for ice up to 15 miles outside the 

outlying islands thus appears to be a realistic estimate. Ice past 

this point appears to contain less than one seal per square nautical 

mile. 

Estimates of Population Size. 

Estimates of the size of the populations were made from 

densities of seals counted in the 3 different categories of fast ice 

using information from the Ice Summary and Analysis (1964, 1965, 

1966, 1967) to determine the area of ice involved. 

A consideration of the seasonal distribution of age classes 

and the behavior of the seals indicates that the figures for seal 

densities obtained from the aerial counts alone are much too low. 

A comparison of the Home Bay age-frequency distribution for 

the open water period, which can be considered as representative of 

the population age structure, and the age-frequency distribution for 

seals taken from 15 June to 10 July, the period around the t~e of 

the aerial surve~ reveals that the adolescent age classes sre 

under-repreaented. The open water period contains .57 of adolescent 

to adult in the population whereas the period immediately around 

the t1mc of the aerial survey has .46 adolescent, a aignificantly 

lover proportion (chi square· 15.06 Pc .005). In order to correct 

the eatimates for tbe under-represented adolescents in the serial 

aurvey the difference in proportion of adolescents fram the unbiased 
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Table 11. Population sizes calculated from densities obtained 

from the Home Bay aerial survey for the Home Bay, 

Hoare Bay, and Cumberland Sound areas, and the final 

corrected population size estimates. 

Area 

Home Bay 

Hoare Bay 

Cumberland Sound 

Total density from 

aerial survey 

33,028 

16,931 

27,466 

Corrected estimates 

70,684 

36,376 

58,782 
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and biased age frequencies (.1149) vas used as a correction factor 

and added to each original total number of seals estimated in each 

area. 

Perhaps the most important factor contributing to the 

underestimation of the population size is the number of seals under 

the ice st the time during vbich the counts are made. Pre l1mina ry 

estimates of this proportion indicate that it could be as high 

as .50. Table 11 gives the total number of seals calculated from 

the densities in the three categories of fast iee as determined 

from the aerial survey in Home Bay, for the Home Bay, Hoare Bay and 

Cumberland Sound areas. These estimates are then corrected by 

applying the tvo factors mentioned above and the final figures are 

shawn in Table 11. 

MCLaren (1958b) gave estimates of 74,000, 28,000 and 68,600 

for the number of seals in Home Bay, Hoare Bay and Cumberland 

Sound. Estimates fram the present study are 70,684, 36,376 and 

58,782 whieh are in line vith bis estimates but vere not derived in 

the same vay. McLaren 's (1958b) estimates vere based on eounts from 

Ney Harbour, an area of 3.6 square miles of fast iee, and on his 

division of the sea ice into three categories of ice cODtaining 

different densities of seals. An aerial survey conducted by tbe 

same investigator in 1964 over a limited number of areas in the 

Frobisher Bay region shoved a mean density of 7.5 .eals per square 

mile, a figure comparable to the denaities in this study. These 

figureawere not aceepted as the true density, and calculatioos vere 

dooe to raise the estimate. which vere considered lov because of the 
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seals that were 8ssumed to have been missed by the observers 

(MCLaren,1966). Evidence in the present investigation indicates 

tbat aerial surveys are reliable in giving the number of seals 

present on the ice, but tbat the population size would be 

underestimated based solely on these counts because of the 

significant proportion of seals that are in the water and hidden 

fram view. 

Estimates of population sizes using the factor of 50 percent 

for the proportion of the population under the ice might be slightly 

high because this figure is a maximum estimate. However this ia 

probably balanced out by other factors which would cause the 

population size to be underestimated and which bave not been 

corrected for because no quantitative evaluation of their effect 

is available. One such source of error involves the yearling age 

clas~. During the behavioral observatioœit was noticed that the 

young of the year appeared to spend much less time on the ice than 

the adults. This is to be expected since it has been shawn that 

most pups are fully weaned by mid-~une and that they a180 moulted 

their foetal coat shortly after birth. Since the age frequency at 

the ttme of the aerial survey shows that .39 of the population are 

yearlings, the fact that a significant proportion of the pups are 

not on the ice would lead to a further underesttmBtion of the population 

size. 

The eatimates of population numbera arrived at in this 

investigation ooly indicate the approximate aize of the real 

populations. Den8ity eatimatea derived fram tbe aerial aurvey in 
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Home Bay have been applied to Hoare Bay and Cumberland Sound to 

make the population estimates. This is probably valid for the 

Hoare Bay area which is quite similar to Home Bay in having a 

complex coastline with stable fast ice. C8lculation of the 

population size of CUmberland Sound using densities obtained in Home 

Bay might not be realistic since there are many indications that 

Cumberland Sound is much less productive. Age frequencies from 

Cumberland Sound catches at all times of the year show a low 

proportion of adults, while age frequencies from Hoare Bay, an 

area of stable fast ice immediately adjacent to Cumberland Sound, 

shows a significantly greater proportion of mature seals. This 

indicates that the fast ice of Cumberland Sound is not suitable 

for breeding purposes, probably mainly because of the high tidal 

amplitude in the Sound, 19.5 feet as compared to 3.5 feet in Home 

Bay, which causes the ice to be very unstable. The strong currents 

caused by the tide under the ice are also a likely source of 

danger for any young born in these areas. 
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VITAL STATISTICS OF THE POPULATION 

The Sex Ratio. 

Table 12 lists the sex ratios obtained in this study and in 

two other investigations of the ringed sea1. The sex ratios of pups 

-
obtained in 1967 and 1970 in the present study, donot depart 

significantly fram unity. This was a1so the case in the pup sex 

ratio obtained by MCLaren (1958a) and in the foetal sex ratio of 

Johnson et al.(1966). 

In the present study information on the sex of aIl animaIs 

caught in 1970 was recorded. The sex ratios of the yearlings, 

adolescents and adults in the catch were examined for the months 

of May, June, and the open water season from July to October. AlI 

age groupings at all times except the adults in the month of May, 

showed a 1:1 ratio and no significant departure fram this ratio 

was noted (Table 12). In May, even though the sample size was small 

there was a significantly greater number of adult fema1es than adult 

males in the catch. This is probably not indicative of absence of 

males in the fast ice area but merely indicates that females are 

more vulnerable at this time since they spend more of their time 

lying out on the ice while suckling their newborn pups. This is 

confirmed by 8 return to a 1:1 sex ratio in the adults in June when 

the fast ice conditions still prevail but after most of the pups 

have been weaned. 

Reproductive Rates. 

Age-specific-reproductive rates were determined by examination 

of the uterine cornus for the presence of a blastocyst or foetus. 
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Table 12. Sex ratios obtained in this study and in two other 

investigations of the ringed seal. 

Probabllity of 

Sex ratio chi squa,re value 

Sample (male : female) Chi square arising by chance 

McLaren (1958) 259 229 1.84 P =-.1 

Johnson et al 
(1963) 108: 112 0.042 P =-.5 

Home Bay (1967) 117 : 112 0.108 P >.5 

Hane Bay (1970) 

Adults (Hay) 6 21 8.32** P -= .005 

Yearling (June) 33 38 0.352 P >.5 

Adolescents (June) 7 13 1.80 P =-.1 

Adults (June) 37 25 2.32 P >.1 

Yearling 
(July-October) 149 142 0.028 P >.5 

Adolescent 
(July-October) 92 92 

Adults 
(July-October) 99 108 0.390 P >.5 

", 



Table 13. Mean age-specifie reproductive rates from the present study and three other 

ringed seal studies. as weIl as from a large harp seal sample from the Gulf 

of the St. Lawrence River. 

Harp seala 

Home Bay McLaren Johnson et al Nagarenko Sergeant (1970) 

Age (1967) (1958b) (1966) (1968) unpublished 

0 
1 
2 
3 .025 
4 .30 .10 .219 
5 .44 .50 .625 
6 .63 .75 .844 
7 .64 .93 .846 
8 .67 .93 .911 
9 .74 .93 .926 

10 .74 .93 .896 

Mean of ages 

11 to 40: .74 .71 .881 

Overa11 maan: .73 .73 .85 .62 .88 
\0 
CD 
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The youngest animais seen to be pregnant were 4+ years old and the 

oldest age class used in the calculation of mean reproductive rates 

was 40+. Table 13 shows the age-specific mean reproductive rates 

for animals taken in Home Bay and Hoare Bay areas in this study and 

the reproductive rates found in two other studies of ringed seal as 

well as the age-specific rates from another pagophilic species, the 

harp seal in the Gulf of St. Lawrence (Sergeant, 1970, unpublished 

data) • 

The combined mean reproductive rate from the Home Bay and Hoare 

Bay s&mples is .74. Other workers on ringed seal bave reported 

rates as low as .62 (Nazarenko, 1965) and as high as .85 (Johnson 

et al., 1966). The rate abtained in the present study is considered 

an underestimate. This results from the fact that reproductive tracts 

were only collected to mid-September, and since it bas been shawn 

that the delay in implantation can last until the first week of 

October, a considerable number of animals tbat vere pregnant vere 

probably classed as non-pregnant. The data of Johnson et al. (1966), 

although not age specific, comes from a large sample taken from 

November to April and is probably quite representative of a true 

reproductive rate for ringed seals. Sergeant's (1970) unpublished 

data (Table 13), which is age-specific, probably gives a realistic 

representation of the age-specific reproductive rates in tbe ringed 

seal population if the reproductive rate in tbe 3+ age class is 

eliminated. The mean reproductive rate calculated fram t~se data 

over 40 age classes i6 .88 which i8 quite close to tbe value 

obtained in Johnson', et al. (1966) investigation. Tbese values 



100 

are therefore considered represéntative for the ringed se8l 

population and will be used later in calculations involving life 

table construction and population dynamics. MCLaren (l958b) 

arbitrarily reduced the fertilities assuming that the ringed seal 

displays sexual senility. The work of Sergeant (personal 

communication) on the harp seal, Mansfield (personal communication) 

on the grey seal, and evidence from the present study fails to 

detect any indication of such a phenomenon, therefore the fertilities 

are held constant in the adult year classes from 11+ to 40+ for all 

calculation of average reproductive rates. 

The Stationary and Stable Age Population. 

The age-frequency distributions used in this study form a 

klx series, that i~ they are semples of the age structure of the 

population observed at a given time, and the survivorship rates 

are inferred from the shrinkage between successive age classes. In 

order for these values to be meaningful two conditions must be met. 

First, the initial size of eacb age class must be equal, in order 

that the drop in frequency from one year class to the next, cau be 

used to estimate survivorship. Secondly the ag~specific mortality 

and reproductive rates must have remained constant long enough (at 

least over the range of age groups present) to produce a stable-age 

distribution. lt sbould be pointed out that the stationary age 

distribution just described is a special case of the stable-age 

distribution and that a atable-age structure can be found in 

populations that are lncreasing or decreaslng at a constant rate. 

It bas been assumed that the populations of ringed sea1s 
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Table 14. Number of ringed seal skins traded per year 

in the Cumberland Sound and Home Bay areas. 

Year Cumberland Sound Home Bay 

1961 8,242 

1962 5,391 

1963 9,296 

1964 10,103 

1965 12,490 4,292 

1966 7,601 4,545 

1967 4,931 4,510 

1968 5,787 3,837 

1969 10,190 5,937 

Average number: 8,226 4,624 

Average per 
househo1d 121 119 
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harvested in Home Bay and Cumberland Sound are stationary. Table 14 

shO"ITS the total number per year of ringed seal pel ts bouf"pt at the 

Home Bay and Cumberland Sound tradine: posts. No qua.'1ti tative date are 

available on catch-effort therefore these data do not directly 

reflect the stability of the seal stocks of the areas. Exarnination 

of the total pelts traded however do positively show that a low catch 

can be followed by a high catch therefore indicating that the maxi~ 

yield has not been exceeded. Fluctuations in the total take are 

rr,reater in the Cumberland Sound catches. This can be explained by 

the ranid chan~es takin~ place in the way of life of the Eskimos 

in this area. In 1967 almost all the huntinR camps distributed 

throu$out CUmberland Sound moved into the villa~e of Pa.Tlgnirtun~. 

~lbsequent to this, with the various construction projects going on 

in the town, less people depended on huntin~ as a livelihood. The 

Brour;hton Island comrunity that hunts Home Bay has been more 

consistent in its hunting effort a.'1d this is reflected by the catches. 

A good part of the fluctuation in tr.e catches can be explained by 

the fluc~ltation in the ~rket priees of the skins since there is a 

stronr: correlation (r = .923) bet"..reen priees a.'1à m,unber of skins 

traded. Tt apnears therefore that the fluctuations in catches can 

be mostly explained b;! socio-economic factors and that the total 

catch 1s ouite 1J.niform apart fro:n this. Tt is interestinG to note 

that t.l-Je œa."1 ~:nber of nel ts per household, as calcu.lated fro!!! data 

in Haller et al. (1 ~--6) is aL"'lOst identical for CU::1berla..'1d Sound 

and HO::!e Ba.,-r (Ta:,le 14). b the :future an effort shrr . .:.ld. :,e ::-.a.de te 

rather catch-effort data. in order te ce able to check on the 
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stationarity of the seal stocks. 

A comparison vas made betveen the representative age 

frequency semples fram 1967 and 1970 ta see if the population 

had a stable-age structure. A comparison of the proportion of 

adults in the 1967 and 1970 data showed that they did not differ 

significantly (chi square· 0.70, P > .S). A comparison of the 

individusl frequencies in the adult age classes of 7 ta 19 years 

using a 2 X 13 contingency table showed that there vere no 

significant differences, (chi square = 13.67, P> .36). This 

indicates that the age-frequency distributions have remained stable 

through the period 1967 - 1970, vhich is a further indication that 

the population is stationary. 

Preliminary Analysis of the catch Curves. 

A number of difficulties are involved in deriving estimates 

of total survivorship and mortality fram any catch curve. These 

arise fram the fact that some age classes are more vulnerable ta 

being caught and also that mortality is not constant throughout 

all age classes. ln the ringed seal catch curves, it is probable 

that the yearling animals are more likely ta be caught and are thus 

overrepresented. lt is also likely that the yearling natural 

mortality is slightly higher. This might also apply to a lesser 

degree ta other early adolescent age classes. lt is also reasonable 

ta assume that the older age classes have a higher natural mortality 

but it ia difficult to get a realistic idea of what thls mlght be 

because of the low numbers of old seals in the catch. 

The usual assumption in most methods of estimating population 
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survivorship and mortality fram age frequencies is that the 

population age distribution is geometric. This assumption of 

constant survivorship through the age classes leads to error when 

the method used does not have built into it a means of testing the 

variance in the survivorship factor. The method of Chapman and 

Robson (1960) described more fu11y in Robson and Chapman (1961) 

uses such a test by comparing its best survivorship estimate, 

X [(1 + X - (l/n)J-
l 

to the estimate obtained fram Heinke's (1913) formula, 

by the use of a chi square formula. 

When the survival estimate calculated by the Chapman and 

Robson method is s1gnificantly larger than that calculated by 

Heinke's method it ~lies that there is an overabundance in the 0 

group relative to the older groups. The chi square comparison of 

these two values tests the hypothesis that these two estimates 

d1ffer only by sampling error. This test establishes whether or 

not there is good agreement between the observed frequency in the 

0+ age clas8, expected on the basis of the data in the older age 

groups. The catch curve can be tested in this way for the 

representativeness of the frequency of the next age group by simp1y 

eliminating age group 0 frOID the data, recoding the age groups and 

testing again with the chi square formula. 

Although the aurvivorship eattmates derived fram the Chapman 

and Robson (1960) formula are dependent on a constant aurvivorship 

wbich does not strictly hold for tpe youngest and oldest age classes 
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in the present data, the analysis was used, since it allowed for 

testing of the representativeness of the younger age classes with 

respect to the older age classes and permitted statistical 

comparisons to be made of survivorship values that were of relative 

validity between segments of the catch curves fram different sets 

of data. Actual survivorship values are derived fram a number of 

different sources and what are considered to be the best estimates 

will be presented later in a composite life table. 

The overall Chapman and Robson (1960) best estimate of survival 

with 95% confidence intervals from the 1967 and 1970 catch curves 

+ + are .8477 - .0316 and .8792 _ .0112 which are not significantly 

different (t = .785, P =- .4). Ricker (1958) points out that 

moderate fluctuations in recruitment from year to year cause 

irregu1arities in a catch curve but do not destroy its genera1 form. 

He suggests that such curves can be combined to increase the 

regu1arity of the curve. The age frequencies of the 1967 and 1970 

data were combined which yie1ded a surviva1 estimate of 

+ .8542 - .0084. 

Examination of the p10tted catch curves immediate1y suggests 

that the animaIs in the 0+ age c1ass are overrepresented. Testing for 

representativeness of the first age class, using the method described 

in Robson and Chapman (1961), indicates that in the 1967 Home Bay data 

the 0+ age class is overrepresented and that in the 1970 data the 

0+ and 1+ age classes are overrepresented. 

Best estimates of surviva1 were computed for different segments, 



Table 15. Comparison of surviva1 estimates, for different segments of the catch curve, 

between the Home Bay 1967 and 1970 catch curves. 

Comparison 

Ages (1+ to 6+) 

Ages (7+ to 14+) 

Ages (15+ to 40+) 

1967 

Surviva1 

.6514 

.8141 

.6870 

1970 

Survival 

.6985 

.8419 

.7264 

t value 

0.4302, 510 df. 

1.73, 

1.08, 

429 df. 

101 df. 

ProbabUity of 

difference arising 

by chance 

P>.5 

P>.05 

P>.2 

~~\ 

t-' 
o 
0\ 
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along the catch curves assuming constant survival in these segments. 

Chapman and Robson (1960) describe a method which gives the best 

estimate of survivals,based on truncated samples when the assumption 

of constant survival rate' is valid only for a limited number of age 

classes. Estimates calculated in this way are drastically lower 

than tbe previous best survivorship estimates calcu1ated for the 

whole age distributio~indicating that although the mean survivorship 

values may be different along the different segments of the catch 

curv~they are either not of sufficiently great enough difference, 

or they decrease in such a uniform manner that the modified best 

survivorship estimates for truncated data,cannot be used on the 

present data. Because of this the ordinary formula for the best 

survivorship estimate was used to estLnate the survivorship in the 

different segment~ keeping in mind that the accuracy of the estimate 

would be only of a relative nature, but useful in comparing segments 

of different catch curves. 

The survival estimates calculated for the age segments 1+ to 

6+, 7+ to 14+ and 15+ to 40+ for the 1967 and 1970 data are shawn in 

Table 15. The survival values from the different years were cDmpared 

using a t-test (Table 15) and not found to be significantly different 

for any age segment. This reaffirms the previous view that the 1967 

and 1970 data are fram a stable population. 

Survival rates vere calculated in the same way for the 1970 

Rome Bay sex-specific data. Comparison of the male and female 

survivorship in the adolescent age groups (1+ to 6+) also shows no 

great difference, (t • .33, P> .5). The difference between survival 
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f 

Fig. 30. A rutting male ringed seal, shot on the fast ice, 

during June 1969. The hole in the skin near the 

right flipper and missing clavs vere probably caused 

by fighting between males, during the breeding sesson. 
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Fig. 31. Comparison of the Chapman Bnd Robson (1960) best estimate 

of survival vith Heinke's estimate, using age classes 

0+ to 10+ as the first value in the catch curve, for the 

Cumberland Sound 1966 data. 



Table 16. Analysis of the various catch curves in the study, showing the statistical comparison 

between the Chapman and Robson (1960) estimate of survival, and the Heinke (1913) 

eatimate of survival. 

Survivor estimate ProbabUity 
(Chapman & Robson) Survivorship of difference 

Age classes with 951 confidence estimate Chi square arising by 
Sample considered limits (Heinkels) value chance 

Home Bay o to 21 and over .8262 t .0100 .7325 52.59 pc: .005 ** 
1967 1 to 21 and over .8477 t .0316 .8582 .0017 P>.9 

1 to 6 .6514 t .0320 .7361 
7 to 14 .8142 t .0222 .8854 
15 to 40 .6870 t .0812 .6190 

Home Bay o to 21 and over .8206-+ .0120 .5766 339.00 P<.005 ** 
1970 1 to 21 and over + .9073 46.77 P<.005 ** .8736 - .0116 

2 to 21 and over + .9058 0.04 P >.5 .8792 - .0122 
1 to 6 + .8121 .6985 + .0354 
7 to 14 .8419 - .0204 .9059 
15 to 40 .7264't .0612 .7457 

Home Bay o to 21 and over + .0084 .6543 .8229 ... 337.00 J» -=.005 ** 
1967 & 1 to 21 and over .8542 - .0084 .8732 3.16 P>.05 
1970 

Cumberland 0 to 21 and over + .0128 .7497 52.0 .7781 - P< .005 ** 
Sound 1966 1 to 21 and over + .0152 .8636 39.0 .7700 - P< .005 ** 

2 to 21 and over + .0160 .7131 28.0 .8004 _ P-= .005 ** 

Cumberland 0 to 21 and over .6464± .0214 .5828 16.0 P -= .005 ** + Sound 1967 1 to 21 and over .6308; .0252 .7060 20.0 P < .005 ** 
2 to 21 and over .6035_ .0290 .7897 104.0 P < .005 ** 

1. 
\' 

1-' 
1-' 
0 
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rates in the adult females and males is .0351, but the difference 

18 not quite significant (t = 1.00, P :> .2). This lower survival 

of adult males has been shawn in one other population study of seals 

(Bigg, 1969). He explains that this could be caused by fighting 

between the males during the breeding season. Evidence of injuries 

inflicted by other seals is often found on potent males in the 

fast ice areas during the period of the male rut (Fig. 30), but 

no direct evidence of mortality from this cause has been found. 

The catch curves from the Cumberland Sound area for 1966 and 

1967 were examined using the Chapman and Robson (1960) method. 

Fig. 31 shows the divergence of the Chapman and Robson survival 

estimate from Heinke's estimate for the 1966 catch curve using the 

age classes 0+ to 10+ as the first age class in the calculation. 

In aIl cases the chi square test indicated that the first age class 

in the calculation was overrepresented with respect to the rest of 

the data. The 1967 catch curve showed the same characteristics 

(Table 16) indicating that the Cumberland Sound animaIs do not 

belong to a stationary stabl~ age population. This result was not 

unexpected since evidence commented on previously suggests that 

Cumberland Sound is low in seal production and that catches are made 

up of young animais which have been born in adjacent areas. 

Life Tables. 

Age-frequency semples from the Home Bay area only were used 

to eonstruet life tables ainee preliminary analysis of the Cumberland 

Sound data showed the age structure to be unrepresentative of a self-

sustaining population. In order to smooth the original age-frequency 
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distributions the age-specifie frequencies were converted to common 

logarithms and a linear regression line was fitted to these values. 

In all cases the regressions were fitted to the frequencies of 

age class 1+ up to the last age clsss containing 5 or more individuals. 

This was done since age class 0+ has previously been shawn to be 

overrepresented and because frequencies of less than 5 individuals,in 

an age class,are too low to give a realistic estimate of survival. 

Nevertheless,when a polynomial regression was fitted to the 1967 

logarithms of the frequencies in all the age classes, including those 

with less than five individuals, the linear, quadratic and cubic terms 

all significantly reduced the variation around regression (F = 55.4, 

48.2,43.1 respectivelYj P in all cases is < .05). Caughley (1965) 

states that this indicates that the rate of mortality increases as 

the animals become older, but in the present case the small number of 

animals in the older age classes might bias the polynomial regression 

somewhat. 

The assumption has been made that the population is stationary. 

Such a population forms a kl series only when all births for the year x 

occur at an instant in time and the age-frequency sample is taken at 

that time. Since these conditions cannot be strictly met in practice, 

and it has been shawn in any case that the 0+ age class is 

overrepresented, an estimated frequency for this age class has been 

used in the life table. This was calculated by using Sergeant's 

(1970, unpublished) age-specific-reproductive rates, along vith the 

1:1 sex ratio and the adjusted age-frequency distribution. 

The various parameters in the life tables clx, lx' qx' Lx' ex' 
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, 
Table 17. Life table for catch fram Home Bay during the period 

Ju1y 1 to October 31, 1967. 

Adjusted 

Age in Age age 

years frequency frequency 1000dx100°lx1000~100OLx1000ex1000mx 

0 195 129a 189 1000 189 905.5 5.37 
1 81 79 116 811 143 753.3 5.50 
2 50 68 100 695 144 645.0 5.34 
3 63 60 88 595 148 551.0 5.15 
4 43 52 76 507 150 469.0 4.96 27.2 
5 40 45 66 431 153 398.0 4.75 67.3 
6 30 39 57 365 156 336.5 4.52 77.0 
7 26 34 50 308 162 283.0 4.26 65.1 
8 22 29 43 258 167 236.5 3.99 58.7 
9 33 26 38 215 177 196.0 3.69 49.7 

10 27 23 34 177 192 160.0 3.37 39.6 
11 23 20 29 143 203 128.5 3.05 31.4 
12 26 18 26 114 228 101.0 2.70 25.1 
13 19 15 22 88 250 77 .0 2.35 19.3 
14 9 13 19 66 288 56.5 1.97 14.5 
15 16 12 18 47 383 38.0 1.56 10.3 
16 6 . 10 15 29 517 21.5 1.22 6.3 
17 6 10 14 14 1000 7.0 1.00 3.0 
18 2 
19 0 
20 2 
21 7 
26 1 
31 1 
36 0 

a'" estimated see text (P. 112) 



114 

Table 18. Life table for catch fram Home Bay during the period July 1 

to October 31, 1970. 

Adjusted 

Age in Age age 

years frequency frequency 1000d 10001 l000<lx 1000Lx 1000ex 10°Omx 
x x 

0 301 948 204 1000 204 898.0 6.02 
1 38 42 91 796 114 750.5 6.44 
2 32 38 83 705 118 663.5 6.21 
3 44 34 74 622 119 585.0 5.97 
4 31 31 67 548 122 514.5 5.71 30.0 
5 35 28 61 481 127 450.5 5.43 75.1 
6 23 25 54 420 129 393.0 5.15 88.6 
7 19 23 50 366 137 341.0 4.84 77 .4 
8 20 21 46 316 146 293.0 4.52 71.9 
9 19 19 41 270 152 249.5 4.21 62.5 

10 17 17 37 229 162 210.5 3.87 51.2 
11 23 15 33 192 172 175.5 3.52 42.2 
12 15 14 30 159 189 144.0 3.15 35.0 
13 21 13 28 129 217 115.0 2.76 28.4 
14 14 11 24 101 238 89.0 2.39 22.2 
15 15 10 22 77 286 66.0 1.98 16.9 
16 9 9 20 55 364 45.0 1.57 12.1 
17 5 8 17 35 486 26.5 1.19 7.7 
18 6 8 17 18 1000 9.0 0.83 3.9 
19 3 
20 6 
21 10 
26 1 
31 3 
36 1 

a = estimated see text (P. 112) 
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Table 19. Life table for catch of male seals from Home Bay during 

the period July 1 to October 31, 1970. 

Adjusted 

Age in Age age 

years frequency frequency lOOOd 10001 1000q 1000L 1000e 
x x x x x 

0 149 30a 150 1000 150 925.0 6.26 
1 19 17 85 850 100 807.5 6.28 
2 11 17 85 765 111 722.5 5.92 
3 20 15 75 680 110 642.5 5.60 
4 14 14 70 605 116 570.0 5.24 
5 13 13 65 535 121 502.5 4.86 
6 15 12 60 470 128 440.0 4.46 
7 6 12 60 410 146 380.0 4.04 
8 14 11 55 350 157 322.5 3.64 
9 13 10 50 295 169 270.0 3.23 

10 11 10 50 245 204 220.0 2.79 
11 9 9 45 195 231 172.5 2.37 
12 9 8 40 150 267 130.0 1.93 
13 11 8 40 110 364 90.0 1.45 
14 5 7 35 70 500 52.5 1.00 
15 6 7 35 35 1000 17.5 0.50 
16 1 
17 3 
18 2 
19 0 
20 3 
21 3 
26 0 
31 2 
36 l 

a :: estimated see text (P. 112) 
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Table 20. Life table for catch of female seals from Rome Bay 

during the period Ju1y 1 to October 31, 1970. 

Adjusted 

Age in Age age 

years frequency frequency 1000d 10001 1000q 1000L 1000e 
x x x x x 

0 152 31
a 144 1000 144 928.0 6.51 

1 19 19 88 856 103 812.0 6.53 

2 21 17 79 768 103 728.5 6.22 

3 24 16 74 689 107 652.0 5.87 

4 17 15 70 615 114 580.0 5.52 

5 22 14 65 545 119 512.5 5.16 

6 8 l3 60 480 125 450.0 4.79 

7 13 12 56 420 133 392.0 4.41 

8 6 11 51 364 140 338.5 4.01 

9 6 11 51 313 163 287.5 3.58 

10 6 10 47 262 179 238.5 3.18 

11 14 9 42 215 195 194.0 2.77 

12 6 9 42 173 243 152.0 2.32 

13 10 8 37 131 282 112.5 1.90 

14 9 7 33 94 351 77 .5 1.45 

15 9 7 33 61 541 44.5 0.96 

16 8 6 28 28 1000 14.0 0.50 

17 2 
18 4 
19 3 
20 3 
21 7 
26 1 
31 1 
36 0 

a ::r estimated see text (P. 112) 
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and rnx, have been ca1cu1ated according to the formulas outlined in 

Deevey (1947) and summarized in Quick (1963). Tables 17, 18, 19, 

20 show the complete time-specific life tables of the overal1 

1967 and 1970 Home Bay catches and the 1970 sex-specific tables. 

Cau~hley (1965) points out that the morta1ity rates are the least 

biased of the derived statistics in a kl series. This is explained 
x 

by the fact that qx = dx/lx and is therefore independent of aIl but 

two age frequencies, whereas lx and ~ values are dependent on 811 

values preceeding them. Comparison of the morta1ity rates were 

made between the 1967 and 1970 Home Bay catches and between the 

1970 male and female catches. Fig. 32 shows the 1970 to be very 

similar to the 1967 rates but slightly lower. The 1970 sex-specific 

data shows the female and male adolescent mortality rates to be 

almast identica1, with a slight rise of the adu1t male morta1ity 

rates over the female (Fig. 33). This agrees with the difference 

in male and female survivorship values obtained for the adult segment 

of the curve using the method of Chapman and Robson (1960). 

A number of statistics can be derived fram the lx and ~ series 

of a life table. Mean mortality rates calcu1ated from the formula 

qx = II r; lx are 17 .05 for the 1967 Home Bay data and 15.33 for 1970. 

This compares weIl with the figures for 1966 and 1967 of 15.33 and 

12.92 respectively obtained by the Chapman and Robson (1960) method. 

One other statistic, the mean 1ength of a generation (the 1apse of 

time between a fema1e's birth and the birth of her offspring) , which 

15 defined as 
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has been derived and was found to be 6.91 and 7.24 for the 1966 and 

1967 data. Other statistics which are dependent on whether the life 

table is in fact representative of a stable-age distribution will be 

presented later when this question has been investigated. 

Discussion. 

The overall shape of the mortality rate curves (Fig. 32) 

obtained from the Home Bay 1967 and 1970 data are very similar to 

curves obtained in other life table studies of mammals, such as that 

of the Dall sheep Ovis ~ (Deevey, 1947; Taber and Dasman, 1957) 

the Orkney vole Microtus orcadensis (Leslie et al., 1955) and in 

human demographic studies (Dublin, Lotka and Spiegelman, 1949). 

This agrees weIL with Csughley's (1965) statement that mammals in 

general show a U-shaped qx curve and fits pearl's (1940) high-low-high 

mortality rate classification. 

Although the survival estimates obtained by considering aIL the 

age classes and using the Chapman and Robson analysis,can be 

accepted as quite reliable from the Home Bay samples,the breaking 

down of the catch curve,into an adolescent and two adult age groups, 

greatly reduces the accuracy of the absolute values of these estimates 

because of the great reduction in sample size and change in the 

shape of the geometrical probability distribution, on which the 

Chapman and Robson (1960) best e5timate is based. A certain amount 

of interpretation of the catch curve i5 required using what is known 

about the quality of the data when an attempt 1s made to assess 

survival rates through the different age classes in the population. 

HeLaren (1958b) presented a model life table showing the total 



121 

mortalities for ringed seals of ages 0+ to 40+. His mortality 

figures for the very young and old age classes were obtained by 

making assumptions about the natural mortality and hunting 

mortality affecting these groups. The present study, by looking at 

the vital statistics obtained from the catch curve,also makes an 

attempt to construct a realistic life table. Under column 8 in 

Table 21 is listed the survivorship value for each age class. These 

values are defined as Nl/No = B = (1 - a), when a = N + M - HM, 

where N • natural mortality and M = hunting mortality. The 

survivorsh1p for the 0+ age class of .61 1s obtained in a way 

prev10usly descr1bed from the adjusted 11fe table for 1967 and 

us1ng the mx values from Sergeant (1970, unpublished data). The 

0+ surv1vorship value from the 1970 life table was not used since 

the age class 1+ was shawn to be biased by the Chapman and Robeon 

analysis. MCLaren (1958b) assumed a greater survivorship of .69 for 

the 0+ age class and since th1s survivorship value has a relatively 

large influence on the dynamics of the population,in the model used, 

the consequences of varying the magnitude of this value will be 

discussed in a later section. The survival values in the adolescent 

year classes 1+ to 6+, are shawn to be lower than in the adult 7+ 

to 14+ agee by the Chapman and Robson survival estimates (Table 16). 

Because of the small number of age classes considered however, the 

value of these estimates are greatly b1ased in this type of analysis 

and cannot be taken 8S correct. The smoothed life tables indicate 

that there is very l1ttle d1fference between the survivorship of 

adolescents and adults,with a gradually increasing morta11ty 88 the 
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animals age. This again 1s partially a function of the smoothing 

of the age frequencies. lt was fele that it would be reasonable 

to assume that adolescent survivorship was somewhat below that of 

the adults though not by much and ris1ng quickly to the same level, 

therefore values of .86 in age 1+ were increased to .89 in year 

class 6+. Adult survivorship was held constant as .90 to age class 

14+. lt was felt that a survivorship value as high as .90 for the 

age classes with the highest survival values was not unreasonable, 

in view of the fact that an overall survival of .85 was obtained 

for the total population. The mortality rate curves (Figs. 32, 33) 

show a steep rise in the age classes past 15 years. lt is felt that 

the increase is somewhat too steep as shawn by these curves and this 

is obviously caused by the fact that the oldest age classes considered 

in the life tables, because of the low frequencies in the oider age 

classes, was 18+ years. Since no reliable data ,~e available to 

show the shape of the survival curve past approximately the 20+ year 

class,an eye fitted curve was plotted to the survival estimates with 

the aid of a series of regression lines (Figs. 34,35). In the 

composite life table survival values were decreased in a linear 

manner to a value of .70 at age 30+. The values were decreased more 

radically, again linearly, fram age 31+ to 40. lt will be shawn 

later in a discussion of the theoretical aspects of the influence of 

the survivorship values on the final outcome ·of the stable-age 

distribution that the relative importance of the survivorship values 

of animals past a certain age class has a minimal effect on the 

characteristics of the final stable population. The arbitrariness 
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of the assigned decreasing older survivorship values is therefore 

not considered a grave source of error. 
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DYNAMICS OF THE POPULATION 

Population models are either deterministic or stochastic. 

Deterministic models are of two main types: those with a continuous 

age and time scale, and those having discrete age classes and time 

interva1s. The continuous deterministic mode1s are based on the 

theory of Verhulst (1838), and Pearl and Reed (1920), which 

described the exponentia1 growth of a single species population, 

along with the logistic form of the growth curve. Lotka (1925), 

and Volterra (1937), among others, extended this model to describe 

the interactions of more than one species, using a system of 

differential equations. 

The discrete deterministic mode1 is based on analysis by the 

use of matrix algebra. Bernadelli (1941) and Lewis (1942) 

introduced this form of population ana1ysis, which was thoroughly 

investigated and described by Les1ie (1945, 1948). Various 

demographers, (e.g. Lopez, 1961; Pollard, 1966; Keyfitz, 1965, 

1968), have used this approach to describe and project human 

populations. Relatively few biologists have used this type of 

analysis, mainly because of the difficulty in obtaining accurate 

ages on the individuals in the populations that they are dealing 

with. More recently this approach has been modified in order to 

make it applicable to populations that can only be divided into 

adult and juvenile age classes (Wi11iamson, 1959) and for populations 

which are divided into unequa1 age groups (Lefkovitch, 1965). Certain 

theoretical aspects of populations have been described by 100king at 

the mathematical characteristics of the matrices (Demetrius, 1969) 
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and various attempts have been made to build density dependent population 

models using the matrix framework (Leslie, 1958; Pennicuick, Compton and 

Beckingham, 1968). 

A Brief Description of the Leslie Matrix. 

Leslie (1945, 1948), for the sake of simplicity, considered the 

female portion of the population only. The elements of the matrix 

are P and F , where P is the probability of a female aged x to 
x x x 

x + l at time t, surviving ta the age class x + 1 ta x + 2 at time 

t + l, and Fx is the number of daughters barn in the interval t ta 

t + 1 per female alive aged x to x + 1 at time t, who will be alive in 

the age group 0 to 1 at time t + 1. For a life table distribution 

defined by 

L 
x J

X+l 
::: 1 dx 

x ' x 

The definition of F is more complicated. The number of daughters 
x 

being born and surviving into the next age class is dependent 

on the value m , and on bath the survivorship of the mothers, and x 

the survivorship of the offspring once they are barn. Leslie 

(1945), through a fairly complex argument defines this as 

Jl J~ F = 2. 1 dx + 2. Pm. 
x ~ x ~+!j .. x+l 0 x x+l~ x+l~ 

ln a population consisting of n age classes let x (t) denote the a 

number of individuals in age class a at time t. The age 

distribution at time t + l is given by 



xl(t+l) = Fl x1 (t) + F2x2(t) + •••••• + Fnxn(t) 

x2(t+1) = P
l
x

1
(t) 

x3(t+l) = P2x2(t) 

~(t+l) = Pn- 1xn-1(t). 

ln matrix notation these equations are written 

x(t + 1) = Mx(t) 
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where M is the Leslie matrix and x(t) is the age frequency vector. 

The matrices are th us 

M= Fl F
2 · •••••••• F n-l F x(t) = x1(t) n 

Pl 0 ••••• ••• 0 0 x2(t) 
• 

0 P2 • • •• . • ... 0 0 

• . . . . . . . . . . . . . . . . . . . . 
P 
n-l 

0 x (t) 
n 

If in the matrix M, x = n is the last age group in which reproduction 

occurs, all Fx figures for x n will be 0 and partitioning the 

matrix symetrically at this point will produce two new matrices, 

A which is now the projection matrix containing all the reproductive 

stages, and B whose Fx values ~ 0 having a determinent IBI = o. 

This latter matrix in no way affects the projection matrix A aince 

it contains no reproducing adults. The projection matrix contains 

positive values in the first row and the principal subdiagonal and 

i5 therefore non-singular. The properties of such a matrix are 

described by the Perron - Forbenius theorem and are discussed in 

Gantmacher (1959). 

Continued multiplication of the age-frequency vector by the 
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Fig. 36. Fl~ chart of the population projection progrBm. SIMl3. 



projection matrix results in a stable-age distribution where 

x(t+l) = )..x(t) for À> 0 for a11 t> tx 

when is the dominant latent root or eigenvalue, which is the 

proportion of individuals in one age class to those in the same 

age class during the preceeding generation,when this proportion 

has become constant after some time t , i.e. 
x 

À= xa(tx+n) : x(tx+n_l). 

The eigenvalue thus represents the finite growth rate of the 

stable-age population and 

À> l for a growing population 

)L= 1 for a stationary population 

Àc::: l for a declining population. 

The Projection Model. 

Description. A computer program SIMI3 was developed which 

projects a population of a given initial size and given F and 
x 

P values through to the point at which a stabl~age vector is 
x 
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attained. At this point it prints out the stable-percentage-age 

distribution, the size of the stable-age population, the eigenvalue 

and the number of iterations taken to reach stability. 

The actuel program and some sample output have previously 

been described in Smith (1970). In order to relate this population 

model to that of Leslie's projection model some further explanation 

is appropriate. Fig. 36 is a flow chart of the actual program. The 

matrix mu.ltiplication pIC' ~formed by the computer on the age vector by 

the F and P values is 1dentical to the multiplication by the Leslie 
x x 

projection matrix. It should be pointed out that for the ringed seal 
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population, which contains no post-reproductive age classes, there 

is no need of partioning the Leslie matrix ta obtain the projection 

matrix. The main differenee between the projection model and the 

basic Leslie approaeh is that the model deals with the whole 

population, i.e. males as well as females. This presents no great 

diffieulty since in the ringed seal there is apparently no signifieant 

difference in the survival of different sexes. In this model mx is 

defined as the age-specific number of offspring per female (male as 

well as female offspring) and the Fx values are divided by 2 (Fig. 36) 

ta make fertilities apply ta half of the original population 

(females only) since the sex ratio is known to be unity. 

The accurate ealculation of the Px and Fx values is very 

important since the model is dependent on these parameters ta produce 

a realistic stable-age population and growth rate. The Leslie (1945) 

definition of F shows that this value is very dependent on the 
x 

first integral Lx in the life table. It will also be shawn later 

that the first part of the l curve has the greatest influence on 
x 

the age structure and growth rate generated by the model. Because 

of this it was neeessary to develop a program whieh would give the 

most aecurate and representative ealculations of the integrals at 

the beginning of the 1 eurve • 
. x 

An expanded version of SIMI3, SlHI4 was developed whieh allowed 

direct use of age-specifie survivorship values (s) and age-specifie 

fertilities (m ) and ealculates P and F aeeording ta Leslie's x x x 

(1945) definition of these parameters. Sinee the model is dependent 

on the accurate ealculation of the first integral L the program 
a 

calls a subroutine CURVFT which fits a polynomial curve, up to degree 



Table 21. Stat1stics derived from the best estimates of 8ge - specific surviva1 and 

Age 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

ferti1ity values for the Home Bay ares. 

Surviva1 Ferti1ity 

(a) (1Ilx) 

.61 

.86 

.87 

.88 

.88 .22 

.88 .63 

.89 .84 

.89 .85 

.90 .91 

.90 .93 

.90 .90 

.90 .88 

.90 .88 

.90 .88 

.90 .88 

.89 .88 

.88 .88 

.87 .88 

.86 .88 

.85 .88 

.84 .88 

1 x 

1.000 
.610 
.525 
.456 
.402 
.353 
.3ll 
.277 
.246 
.222 
.200 
.180 
.162 
.145 
.131 
.1l8 
.105 
.092 
.080 
.069 
.059 

L x 

.759 

.557 

.491 

.429 

.378 

.332 

.294 

.262 

.234 

.211 

.190 

.171 

.154 

.138 

.124 

.111 

.099 

.086 

.075 

.064 

.054 

Px 

.73 

.88 

.87 

.88 

.88 

.88 

.89 

.89 

.90 

.90 

.90 

.90 

.90 

.90 

.90 

.89 

.83 

.87 

.86 

.85 

.84 

Fx 

.00 

.00 

.00 

.04 

.23 

.49 

.60 

.62 

.66 

.66 

.64 

.63 

.63 

.63 

.63 

.63 

.62 

.62 

.61 

.61 

.61 

Percentage Percentage 

age structure age structure 

(from mode1) (Home Bay 1967) 

15.57 18.91 
1l.24 1l.58 
9.73 9.97 
8.37 8.79 
7.24 7.62 
6.26 6.59 
5.45 5.71 
4.77 4.98 
4.20 4.25 
3.71 3.81 
3.29 3.37 
2.91 2.93 
2.57 2.63 
2.28 2.19 
2.02 1.90 
1.71 1.75 
1.54 1.46 
1.33 1.46 
1.13 

.95 

.79 

~ 
w 
N 



Table 21 (contlnued). 

Survivel Fertility 

Age (9) (Inx) 

21 .83 .88 
22 .82 .88 
23 .81 .88 
24 .80 .88 
25 .79 .88 
26 .78 .88 
27 .76 • 88 
28 .75 .88 
29 .74 .88 
30 .70 .88 
31 .60 .88 
32 .55 .88 
33 .50 .88 
34 .40 .88 
35 .30 .88 
36 .25 .88 
37 .20 .88 
38 .15 .88 
39 .10 .88 
40 .05 .88 

1 
x 

.049 

.041 

.034 

.027 

.022 

.017 

.013 

.010 

.008 

.006 

.004 

.002 

.001 

.001 

.000 

.000 

.000 

.000 

.000 

.000 

L 
x 

.045 

.037 

.030 

.024 

.019 

.015 

.012 

.009 

.007 

.005 

.002 

.001 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

.000 

P 
x 

.83 

.82 

.81 

.80 

.79 

.77 

.76 

.75 

.72 

.66 

.58 

.53 

.47 

.37 

.29 

.24 

.19 

.14 

.18 
0 

Fx 

.60 

.60 

.60 

.59 

.59 

.58 

.58 

.57 

.56 

.54 

.51 

.49 

.47 

.43 

.40 

.38 

.37 

.35 

.36 

.29 

t~) 

Percentage Percentage 

age structure age structure 

(from mode1) (Home Bay 1967) 

.65 

.53 

.42 

.34 

.26 

.20 

.15 . 

.u 

.08 

.06 

.04 

.02 

.01 

.01 

.00 

.00 

.00 

.00 

.00 

.00 
,..... 
w 
w 



134 

25, to the lx data,while specifying that 10 = 1. Another subroutine 

called IN! then calculates the values of the first two integrals 

Lo and Ll from the polynomial equation. Only the first two integrals 

are calculated in this wa~because it was found that after this 

point in the data,the fitted polynomial curve could sometimes depart 

radically from the shape of the lx curv~depending on the regularity 

of the declining lx values. The approximation Lx = ~ + lX+1/2 was 

used to calculate all other integrals in the life table. 

Intrinsic Rates of the Population. 

The stable-age population. Lotka (1922, 1925, 1931, 1939) 

developed a system of mathematical analysis of population growth 

and structur~ for populations that had a stable-age distribution. 

He showed that a stable-age structure and rate of increase would 

be attained if a constant mortality and fertility schedule was 

maintained over a period of time (Sharpe and Lot~ 1911; Lotka, 

1922). The birth and death rates obtained from a stable population 

have been termed intrinsie rates and are very useful in deseribing 

the characteristics of a population and making comparisons between 

different populations sinee they are free from the influence of 

the current age distribution. lt is evident that comparisons 

between reproductive rates of different populations will be 

misleading unless the mean lengths of generation are the same. 

lntrinsie reproductive rates inelude the generation length in 

their ealculation making eomparisons between them meaningful. 

Intrinsic rates for the Home Bay population. Table 21 shows 

what are considered to be the most representative age-specifie 
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survivorship (s) values and the age-specifie fertilities (~) used 

in the population projection. Column 8 of Table 21 shows the 

stable-percentage-age distribution obtained by using these values. 

Since the population age structure is stable the two equations 

describing the population, 

rt \ 
Nt = Noe and Nt = 1\ No' 

are equivalent and consequently 

e
r = À or log À = r. 

e 

The value for r obtained from the model is 0.016798. Calculation 

of the intrinsic birth and death rates were made according to the 

method described by Leslie (1948) and outlined in Birch (1948). 

The birth rate (total number of births in the time interval t to 

t + l expressed per head of the population at time t) is defined as 

fJ= B/Nt , 

where Bt is the number of offspring born alive in the interval t 

to t + l and Nt is the total number of individuals alive in the 

stable population at time t. In a stable life table defined by 

L = J x+l l dx 
x x x' 

B 
t-x 

= fJ N '" n N À-x t-x )., t = N e fJ 
r-x 

t 

50 that, /3 
,- (x+l) 

Tf= L 1\ or x 
rr fJ -r (x+l) 
/e= Le • x 

which defines the stable age distribution. From this, since 

l!l 

o 

it follows that 



Table 22. Assumed 8urvivorship values for an unexploited population (natural 

Age 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

morta11ty only); the computed life table. and the stable 

percentage - age distribution. 

Survivorship 

.80 

.90 

.91 

.92 

.96 

.96 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.94 

.96 

.96 

.95 

.95 

.95 

.95 

1 
o 

1.000 
.800 
.720 
.655 
.603 
.579 
.556 
.539 
.523 
.507 
.492 
.477 
.463 
.449 
.435 
.422 
.405 
.389 
.370 
.351 
.334 

Lx 

.874 

.759 

.688 

.629 

.591 

.567 

.547 

.531 

.515 

.499 

.484 

.470 

.456 

.442 

.429 

.414 

.397 

.379 

.361 

.342 

.325 

Px 

.87 

.91 

.91 

.94 

.96 

.96 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.97 

.96 

.96 

.95 

.95 

.95 

.95 

Stable percentage 

age distribution 

Fx (from model) 

0 16.32 
0 12.72 
0 10.33 

.05 8.48 

.28 7.14 

.59 6.14 

.72 5.32 

.74 4.62 

.79 4.02 

.79 3.50 

.77 3.04 

.76 2.65 

.76 2.30 

.76 2.00 
.75 1.74 
.75 1.51 
.75 1.30 
.75 1.11 
.75 0.95 
.75 0.81 
.75 0.69 

'""" lA) 

a-



Table 22 (continued). 

Stable percentage 

age distribution 

Age Survivorship 10 l.,c Px Fx (from model) 

21 .95 .317 .309 .95 .75 0.59 
22 .94 .301 .292 .94 .74 0.50 
23 .94 .283 .275 .94 .74 0.42 
24 .94 .266 .258 .94 .74 0.35 
25 .94 .250 .243 .94 .74 0.30 
26 .94 .235 .228 .94 .74 0.25 
21 .93 .221 .213 .93 .74 0.21 
28 .92 .206 .191 .92 .73 0.17 
29 .91 .189 .181 .90 .73 0.14 
30 .88 .172 .162 .86 .71 0.12 
31 .84 .151 .139 .82 .70 0.09 
32 .80 .127 .114 .78 .68 0.07 
33 .16 .102 .090 .14 .66 0.05 
34 .72 .011 .061 .70 .65 0.03 
35 .68 .056 .047 .66 .63 0.02 
36 .64 .038 .031 .62 .62 0.01 
31 .60 .024 .019 .56 .59 0.01 
38 .50 .015 .011 .47 .55 0.00 
39 .40 .007 .005 .51 .60 0.00 
40 .30 .003 .003 0 .36 0.00 

t-" 
W 
-...J 
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m 

l /f] \' -r(x+l) 
= L... Lxe , 

x=O 

where x = m to m + 1 is the last age group of the complete life 

table. The birth rate calculated from the life table of Table 21, 

using the value of r = 0.016798, is = 0.20752. Les1ie (1948) 

gives the relation between Band b, the instantaneous birth 

rate as 

b = fJ loge A. 1 À - 1 or fJ r/er - 1. 

The value for b was determined as 0.205726 and the instantaneous 

death rate d = r - b = 0.188928. 

Intrinsic rates for an unexploited population. A life table 

was constructed using survivorships assumed to be representative 

of an unexploited population subject only to natural mortality 

(Table 22). No actual measurements of natural mortality are 

available and the assumed values of the age-specific natural 

mortalities have followed those of McLaren (1958b) to a large 

extent. The survivorships of the first two age classes differ 

from his assumed values in that they are slightly larger. 

The intrinsic rate of ~ ~ease r = 0.109007 for the 

unexploited population is, as expected, considerably higher than 

the intrinsic rate of increase for the exploited Home Bay 

population. The instantaneous birth rate b = 0.197074 is slightly 

lower than in the exploited population because the lower mortality 

schedule has made the averall percentage-age distribution (Column 7, 

Table 22) somewnat younger. This effect will be discussed more 

fully in the next section. The instantaneous i~at~ rate 

d a 0.088067 ia much lover than for the Home Bay population. 
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Properties of the Model. 

Effect of the original age-freguency distribution. An 

abundance of literature deals with the question of what would 

happen if a population projection would continue indefinitely with 

the age-specific rates observed at a particular point in time (Sharpe 

and Lotka, 1911; Haldane, 1927; Leslie, 1945). Lotka (1925) 

showed that a population subject to constant age-specific mortality 

and fertility rates would tend eventually toward a stable-age 

distribution whose structure and vital rates are comp1ete1y 

independent of the original age distribution. This property of 

independence from the past age distribution has been termed strong 

ergodicity by Hajna1 (1958) and has been investigated by a number 

of human demographers (Lorimer, 1951; Cos1e, 1956, 1957; Pollard, 

1966; Keyfitz, Nagnur and Sharma, 1967; Keyfitz, 1965, 1968). 

A comparison between the percentage-age distribution from 

the 1967 Home Bay log-adjusted 1ife table and the stable percentage-age 

distribution computed from the best age-specific survival estimates 

for that ~opulation is shawn in Table 21. A 18 X 2 contigency test 

showed that there was no significant difference between these 

percentage-age distributions (chi square = 0.2796, P >.995). The 

1argest difference between the two distributions is seen in the lover 

value (3.31~) of the first age class in the computed stab1e-age 

distribution. This can be explained by two factors. First, the method 

used in calcu1ating the number of 0 - l aged animaIs in the life 

table does not take into account prenatal mortality and therefore 

1eads to a slight overestimation of this age frequency. Secondly, and 
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more important, the population projection model, in computing the 

stable-age frequency, incorporates into the calculation of 10 the 

factor Fx' which has built into it the probability of the animaIs 

surviving through the first age class. The rest of the 

age-frequencies in the two distributions are remarkably alike 

indicating that the Home Bay 1967 sample is from a population 

with a stable-age distribution and that the population projection 

model is giving a fairly close estimate of the actual population 

using the survivorships shawn in Table 21. 

Effect of different survivorship and fertility schedules. It 

has been pointed out that in a stable-age distribution the age 

structure is wholly determined by the prevailing age-specifie 

mortalities and fertilities. Various demographers dealing with the 

continuous mathematical analysis of population dynamics have examined 

the influence of survivorship and fertility on the age structure and 

growth rates of stable populations (Lorimer, 1951; Coale, 1956, 1957). 

In the present study a brief look was taken at the influence 

of births and deaths on the growth rate and age structure of the 

population, by substituting different values in the population 

model S1MI4. To do this the survivorship and fertility values shawn 

in Table 21, for the Home Bay population, were used as a point of 

departure. AIL changes to the stable-age structure and the growth 

rate are therefore compared to the stable-age structure and growth 

rate of this population. 

The first point that was investigated was the effect of changing 

the survivorship or fertility factors at various points in the life 



141 

0.17 

Ut 

-< 
lAI 

!i 0.05 
II: 

% 

~ O.N 0 
II: 
~ 

lAI 

/ 
... 
Z 0.03 
~ 

0.02 

U1 

H 1-10 11-15 11-20 21-25 21-30 31-35 

AGE CLASS GROUPING 

Fig. 37. Effect, on the population growth rate, of increasing 

survivorship values, at different places in the life table. 



142 

1.01 

1.07 

--< 

'" ti 0.0. 
Ile: 

% 

~ 0.15 
Ile: 
U 

'" ~ 
i 0.04 

~ 

... 3 

.. u/ 
O.~L-----~----~------~----~----~ ______ ~ ____ ~ ____ ~ __________ --J .. 70 10 .. 100 

PERCENTAGE SURVIVAl OF SEAlS IN THE FIRST AGE CLASS 

Fig, 38, Effect of increase in the survivorsh1p value of the 0+ 

age class, on the growth rate of the population. 



143 

.ooot 

--< .0001 

w 
~ 
0::: 

% 
~ 

~ 
0::: 
c,:) .0007 
w 
!: z 
ii: 

~ 
w 
f/J 
CI 
w .0001 
0::: 
U 
Z 

~~----~--~~--~~----~----~----~--~ 
3 4 5 • 7 • 

AGE CLA55 AT WHICH FERTILITY 15 INCREASED 

Fig. 39. Effect, on the population grawth rate, of increasing the 

fertility values Cm ), in different age classes of the 
x 

lite table. 



144 

table. Fig. 37 shows the effect of increasing the survivorship by 

.05, in age groups of five year classes, at different points in the 

life table. The increase in the survivorship of the 0 age class 

alone by .05 to .30 is shawn in Fig. 38. It is apparent from these 

figures that improvements in survivorship at the beginning of the 

life curve have a much greater effect on the growth rate of the 

population than improvements in survivorship in the later age classes. 

The effect of increasing the ~ values by .05 at different ages 

along the lx curve is shawn in Fig. 39. Again, it is seen that 

increases of fertility st the beginning of the life table have the 

greater effect on the growth rate of the population. The effect of 

adding an age class to the reproducing animaIs (age class 3, in Fig. 

39, was given the ~ value of .05) is shawn to be greater than the 

equivalent increase in fertility in the age classes above it. 

In order to understand the reason for the greater effect, on the 

population growth rate, of increases in mortality and fertility at the 

beginning of the life table, the age-specifie reproductive values, 

which are the present values of the future offspring, were calculated. 

Fisher (1930) de fines the reproductive value of an individusl of 

age x as co 

Vx • erx/lx ~ e-~tmtdt. 
x 

-Leslie (1948) showed that the row vector ~ is êquivalent to the 

total reproduction value Vx of Fisher (1930) and defines the 

age-specifie reproductive values as the elements yx(x=O, l, 2, ••••• ,k) 
~ 

of the row vector ~ where 
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Fig. 40 shows the age-specifie reproductive values for the Home Bay 

1967 population (Table 21) and the hypothetical unexploited 

population (Table 22). In both cases the reproductive values 

increase from age 0 to a maximum of 4.729 at age 6 for the Home Bay 

population and 4.961 at age 7 for the unexploited population. The 

reproductive values of the unexploited population are higher than 

those of the Home Bay sample which follows from the higher value of 

r. Since the reproductive value of an individual in a given age 

class can be defined as the dimunition of future population increase 

produced by removing a single animal from that age class (Slobodkin, 

p. 50, 1963). the shape of the reproductive value curve makes it 

obvious that changes in survivorship or fertility values in the early 

age classes have the greatest effect on the population gr~th rate. 

The effect of increases in survivorship and fertility on the 

population age structure was examined by increasing and decreasing 

the original sand m values by the same proportion in all age 
x 

classes of the population. Fig. 41 shows that both improvements in 

survivorship and fertility have the effect of making the population 

age structure younger. 



MANAGEMENT CONSIDERATIONS 

Sustainable Yields. 

l~ 

Home Bay. The sustainable annual yield of ringed seals for the 

Home Bay area was calculated from estimates of the total population 

size and annual catch, along with the estimate of the intrinsic rate 

of natural increase obtained from the population projection model. 

The total annual catch in Home Bay was calculated using the mean 

number of furs traded (4,624) and the figure of 21.6 percent for 

sinking loss during the open water season (Haller et al., 1966). 

Table 23 shows the age frequencies of the catch during four different 

time periods of the year. The open water season, the period from 1 

July to 31 October 1967, is equivalent to 22.62 percent of the catch. 

The total catch corrected for sinking loss is therefore 4,850 seals. 

lt was further estimated that an additional 5.00 percent could be 

added to this figure to account for losses during hunting on the ice 

and at the floe edge, and to correct the estimate for skins not traded. 

The final total annual take for Home Bay was thus estimated as 5,093 

ringed seals, 34.66 percent of which were pups, 34.51 percent adolescents 

and 30.88 percent adults. 

The estimated total take is equivalent to 7.20 percent of the 

total estimated population size of 70,684 (Table 11). Since the 

intrinsic rate of increase of the Home Bay population was calculated 

to be 0.016798 this means that ~th a population of 70,684 and the 

present hunting and natural mortality, a surplus of 1,187 seals 

would be produced annually. This implies that the annual take could 

be increased from 5,093 to 6,280 seals,which means that the annual 
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Table 23. Seasona1 distribution of the age samp1e fram Home Bay 

1967 - 1968. 

May 1-31, June 1-30, Ju1y 1-0ct. 31, Nov. l, 1967-

Age 1967. 1967. 1967. April 30, 1968. 

0 159 737 195 27 
1 20 150 81 37 
2 18 119 50 35 
3 13- 79 63 29 
4 9 70 43 25 
5 10 81 40 26 
6 9 61 30 7 
7 20 57 26 8 
8 23 59 22 3 
9 15 61 33 3 

10 21 69 27 1 
11 14 51 23 2 
12 21 52 26 2 
13 22 45 19 5 
14 15 47 9 1 
15 19 42 16 1 
16 6 21 6 0 
17 5 11 6 0 
18 3 6 2 0 
19 2 6 0 0 
20 6 17 9 0 
21- 2 6 1 1 
26- 1 2 1 1 
31- 0 0 1 0 
36- 0 0 0 0 

Total: 433 1849 729 214 

Percent of 

annusl 

catch: 13.42 57.33 22.62 6.63 
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sustainable yield for this population is 8.84 percent. This 

figure for the sustainable yield probably errs on the low side 

since the assumptions used to estimate the total size of the 

population have probably resulted in a slight overestimate. 

Cumberland Sound. Table 24 shows the seasonal breakdown of the 

age sample from Cumberland Sound. The total annual catch was 

estimated in the same manner 8S described for the Home Bay area and 

determined to be 9,262 ringed seals. Since the total population 

size for Cumberland Sound was estimated to be 58,782 (Table 11), 

this results in an annual catch equivalent to 15.75 percent of the 

population, which is considerab1y higher than the estimated maximum 

sustainable yield of 8.84 percent. 

lt has been previously stated that there is strong evidence 

indicating that much of the Cumberland Sound catch is coming from 

adjacent areas of high seal productivity. The age composition of 

the Cumberland Sound catch confirms this in that there is a 

preponderance of yearling (29.23 percent) and adolescent seals 

(57.16 percent) in the annual catch. Since the Hoare Bay area lies 

immediately adjacent to Cumberland Sound, and the population there 

is largely made up of mature seals and is not exploited, it is very 

likely that the surplus production of seals from this area moves 

into Cumberland Sound. The population estimate of 36,376 for Hoare 

Bay, along with the intrinsic growth rate of O.I0900ï, fram the model 

for an unexploited population, shows that the Hoare Bay population 

could contribute 3,965 seals annually to the Cumberland Sound catch. 

If the esticated annual surplus of 1,187 seals produced in the 
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Table 24. Seasonal distribution of the age sample from Cumberland 

Sound 1966 - 1967. 

May 1-31, June 1-30, July I-Sept. 30, Nov. 15, 1966-

Age 1966. 1966. 1966. April l, 1967. 

0 114 425 228 37 
1 71 216 132 26 
2 93 159 140 32 
3 85 109 126 25 
4 35 51 62 13 
5 23 35 54 9 
6 13 22 22 3 
7 7 20 19 4 
8 10 15 23 2 
9 8 19 13 3 

10 5 18 18 4 
11 4 6 14 3 
12 3 7 8 2 
13 4 9 8 2 
14 6 7 6 0 
15 5 6 7 0 
16 4 4 6 l 
17 3 2 2 0 
18 0 1 4 0 
19 2 2 5 0 
20 0 2 1 0 
21- 4 6 7 2 
26- 0 2 5 1 
31- 0 0 l 0 
36- 0 0 0 

Total: 499 1143 911 169 

Percent of 

annus1 catch: 18.33 41.99 33.46 6.20 
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Home Bay area is added ta this figure,the total number of seals 

contributed ta the Cumberland Sound catch from adjacent areas is 

4,142. This would mean that the resident population of Cumberland 

Sound is being harvested at the level of 6.91 percent,which is 

somewhat below sustainable yield. There is also a strong possibility 

that the coastline to the south of Cumberland Sound is contributing 

to the annual catch. It ls therefore likely that a slight increase 

in the annusl catch is possible in Cumberland Sound but no definite 

estimates of the extent of this increase can be given at present, 

without further quantitative data on the number of seals moving in 

from the adjacent unexploited areas. 

Research Implications and Management Recommendations. 

!WO different situations exist in the two hunting areas studied 

in this investigation. Home Bay, a large area which is ideal for 

ringed seal production in terms of coastal complexity and ice 

stability, and whose ringed seal population is harvested by one 

Eskimo community, Broughton Island, is somewhat underexploited, but 

could not sustain a great increase in hunting pressure. The 

Cumberland Sound area, unlike Home Bay, is not suited for high ringed 

seal production because of the high tidal amplitude and strong 

current~ 'ihich make the ice very unstable. Because it is bounded by 

adjacent areas of productive coastlin~ it receives a large part of 

the surplus production from their unexploited populations, and is 

able to sustain an annusl yield far above what could be supported 

by its resident population. McLaren (1958a) suggested that a similar 
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situation existed, in Cape Dorset on southwestern Baffin Island, 

an area of simple coastline, which has a complex coastline adjacent 

to it. It is probable that this kind of situation exists in many 

ringed seal hunting areas throughout the arctic. 

Recent development of the market for hair-seal pelts, 

especially in Europe, has made the hunting of ringed seal highly 

profitable for the Eskimo hunter (Foote, 1967). Advances in hunting 

technology, notably the introduction of the snowmobile, have greatly 

added to the cost of hunting. This, combined with the demand for 

pelts, has turned what was formerly a subsistance activity, where 

seals were used for food, clothing and to a lesser extent trade, to 

what is now an almost exclusively seal-skin trading economy. The 

rapidly changing way of life in the Eskimo communities, with its 

increased cost of living, makes it necessary for the present day 

hunters to look towards increasing their catch, while improving 

the efficiency of their hunting efforts. This, of necessity, is 

resulting in the extension of the boundaries of the hunting territories. 

The snowmobile makes it possible for hunters to hunt far away from 

their village, during the periods of fast ice, and to cover much 

more ground than was formerly hunted by dogsled. There are indications 

that groups of hunters will soon be joining together to buy large 

boats which will enable them to hunt and net seals in areas that were 

previously unexploited. These developments might have serious 

consequences in depleting the stocks of seals in areaa, where a 

situation such as is seen in Cumberland Sound, exists. 
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The added investment in hunting equipment might weIl be waste~if 

the currently exploited stock of an area is dependent on the 

surrounding unexploited populations, to sustain the present annusl 

yield. 

The above considerations make it evident that an integrated 

management program should soon be implemented if the growing 

Eskimo population is to continue to harvest the ringed seal on a 

sustained basis. More reliable estimates are needed on local 

population sizes, the extent of movement of seals, estimates of 

natural mortality and rates of increase in exploited and unpxploited 

stocks, and figures on total catches for all Eskimo communities. 

Such information could be gathered at the local level by establishing 

some standard form of hunt-return questionnaire, which would provide 

catch-effort data and which could be used in conjunction with 

studies of local areas, resembling the present investigation. 
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HHRODUCTION 

This report describes six computer programs developed 

during a study of ringed seal populations on the east coast of 

Baffin Island. The investigation began in Cumberland Sound in 1966 

and was extended to the Home Bay area in 1967. Collections of 

specimens were obtained by the staff of the Arctic Biological 

1 

Station, Fisheries Research Board of Canada and from the Eskimo 

hunters. The local hunters were provided with 1:200,000 maps of their 

hunting area on whicll was printed a grid, each square approximately 

25 square miles in area. Data on over 10,000 ringed seals were 

gathered, most of which came from the Eskimo hunters and consist of 

age, locality and date on which the animal was killed. Approximate1y 

1200 specimens also include information on the reproductive organs 

and body measurements. 

Programs were written in FORTRAl'l IV language, compiled by 

a FORTRAN IV G Leve 1 1 Campi 1er, and run on the ~IcGi Il Uni vers i ty 

IB~I 360 computers, ~Iodels 65 and 75. The ~Iodel 65 computer provided 

a time-sharing faci li ty operating on the RAX (remote access) system. 

Programs and data were typed into this computer using a lJatacom 35 

teletype terminal. This feature was used extensively at the program 

development stage, particularly for the population projection prograrn. 

IllC ~\odel 7S computer OIS (operating system) \oo'as used in most cases 

when the progralll$ were completely deve)oped. For this system data 

Ioo'cre punclled on cards by an 18:·\ 029 Keypunch and then rcad into the 

computer using an IB~\ 2540 Card Read Punch. Large data decks ... ·ere 
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transferred to magnetic tapes for storage. Output was obtained on an 

IBM 1403 High Speed Printer. 

l would like to thank Mr. David Burrage who acted as 

Programming Consultant during this study. 

PROGRAM DESCRIPTION, INPUT AND OUTPUT 

A. Program for sex- and age-specifie density and frequency 

distributions for different time periods. 

1. Description 

This program prints age- and sex-specific frequency and 

density distributions for each grid square in the hunting areas, as 

weIL as the totals from the grid squares for as many different date 

periods as specified. Other variants of this program included: 

non sex-specific; frequency only; density only; totals only 

(individual grid locations ignored). The program consists of a main 

section plus two subroutines OUTPUT and FUNCTION N DATE. The OUTPUT 

subroutine contains the print-out format while the FUNCTION N DATE 

subroutine converts the date obtained from the main part of the program 

to an ordered number and returns it to the main section for testing 
and sorting. 

2. Input 

The card order in the deck is as follows: (1) program deck; 

(2) one card specifying the number of grid locations, number of data 

cards and number of date periods; (3) the "Minimum Biological Data" 

dcck (one card per seal); (4) the deck of cards specifying the location 



of the grid squares and their ice areas (one card per grid square); 

(5) the card or cards specifying the day, month, and year at the 

beginning and end of each date period (one card per date period). 

The individual layout of the different types of cards in 

this deck is given in Appendix C, Program A. 

3. Output 

3 

In the sex-specific runs the male data is printed first 

followed by the female data printed in exactly the same manner. The 

print sequence is as follows: one page of age frequencies per grid 

square; two pages of age densities per grid square. This continues 

until aIl the grid locations have been considered. lne last page of the 

output contains the totals from aIl the grid locations for the age 

frequencies and densities. 

A sample of the male output for a run in which individual 

grid locations are considered is shown in Appendix B, Program A. 

B. Program for computing life tables from age-frequency 

distributions. 

1. Oescription 

This program computes the standard statistics of a current 

life table from an age-frequency distribution. AlI figures are 

exprcssed on the basis of an initial cohort of 1000 seals. 

2. Input 

nle card order in the deck is as follo ..... s: (1) program cards; 

(2) one card specifying the number of age-frequency distributions ta 



be considered; (3) card or cards specifying the age-frequency 

djstribution. 

lbe individual layout of the different types of cards in 

thi~; deck is gi ven in Appcndix C, Program B. 

3. Output 

11lC print-out consists of seven labelled columns. The age 

frequency js ehanged to rcpresent a cohort of 1000 animaIs. Statistics 

on age-specjfie survivorship, mortality, mean survivors between age 

classes and mcan life cxpectancies arc calculated. Life tables are 

Jlrinted for age frequcncies in the order they are put into the deck 

and thcrc arc no labels identifying the specifie life table in the 

print-out. 

A sample of the output from this program is given in 

Appcnùix B, Program B. 

C. A~!l' -spcci fi c computation of standard biological measurements for 

diffl'rcnt time periods. 

1. Description 

'Ihis program is composed of the main section dealing with 

the "f:mùard lIio10):ica1 measurcments plus two subroutines, ~ISD and 

HINClïON N IlATL.l1ll' subroutinc ~ISD ealculates the sample size, mean, 

:dalldard dl'vialion and range for cach age-specifie measurement. '111C 

1:IJN,'(-.I'lll," ,. 11\'1'1 l ' 
",' 1 : Slllrolltlne has bcen ùeseribeù previously. 

Input 

l'hl' (ard ordcr in the dl'd is as follows: Cl) prograrn deck; 
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(2) one card specifying the number of data cards and the number of 

date periods; (3) the deck of cards containing the standard bio1ogica1 

measurements; (4) the card or cards specifying the day, mon th and 

year at the beginning and end of each date period (one card per date 

period). 

The individua1 1ayout for the different types of cards 

in this deck is given in Appendix C, Program C. 

3. Output 

The print-out consists of 13 numbered co1umns. A key to 

the co1umn content is given at the end of the program print-out 

(Appendix A, Program C). Five of the co1umns give a measurement 

ca1cu1ated from several data. Co1umn 4 gives the estimated weight 

using the age-specifie mean values for nose-tail length and maximum 

girth in the estimating formula of Usher and Church (1969a, b). 

Columns 6 and 7 give measures of testis and mammary size using the 

length + width 
formula - 2 Columns 12 and 13 give the percentage of 

animaIs with a foetus and the pereentage of animaIs 1aetating. 

D. Ana1ysis of age-specifie male reproductive data for different 

time periods. 

1. Description 

This program consists of the main section dea1ing with 

the various measurements on the male reproducti ve material plus two 

subroutines ~·ISLJ and FlJ\Crro:--; ~~ LJATE I\'hich have alrcaJy been describcJ. 

2. Input 

"me eard order ln the deek is as fo1101\'s: (1) program deek; 



(2) one card specifying the number of date cards and numbers of date 

periods; (3) the deck of cards containing the reproductive data; 

(4) the card or cards specifying the day. month and year at the 

beginning and end of the date period (one card per date period). 

The individual layout of the different types of cards in 

this deck is given in Appendix C. Program D. 

3. Output 

6 

The output consists of five numbered columns. A key listing 

the content of the different columns is given at the end of the 

program print-out (Appendix A, Program D). Column 5 gives the 

percentage of sexually mature animaIs in the age class, based on the 

number of animaIs containing spermatozoa in the testis or epididymis 

tubules. 

A sample of the output from this program is given in 

Appendix B, Program D. 

E. Analysis of age-specifie female reproductive data for different 

time periods. 

1. Description 

1ne program consists of the main section dealing with the 

femalc rcproducti ve material plus the two subroutines ~fSD and 

FUNCTION N DATE describcd previous ly. 

2. Input 

The card order in the deck is as follo'~s: Cl) program deck; 

(2) one card spcci fying the numbcr of data cards and number of the 
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date periods; (3) the deck of cards containing the reproductive 

data; (4) the card or cards specifying the day, month, and year at the 

beginning and end of each date period (one card per date period). 

The indl.viduai layout of the different types of cards in 

this deck is given in Appendix C, Program E. 

3. Output 

The print-out consists of 18 numbered columns. A key to the 

content of the columns is given at the end of the program print-out 

(Appendix A, Program E). Column N7 on page 2 of the output is the 

number of animaIs in each age class on which reproductive data were 

obtained. This was calculated by summing the number of animaIs in 

each age class that had measurements in columns 45-48 of the 

reproducti ve data card. The number of ani mals sexually mature (Columns 

sr on page 2 of the output) was calculated using the formula 

C L ( n) + CA ( n + 1 ) 
n + (n+1) 

where CLen)= the number of seals in age class (n) 

containing a corpus luteum, and CA(n+l) the number of seals in age 

class (n+l) containing a recent corpus albicans. 

A samplc of the output from this program is given in 

Appendix B, Program E. 

F. Population projection program to generate a stable age distribution, 

given age-specifie survivorship and fecundity values. 

1. Description 

Th i s program mul ti plies an agc- frequency vector hy the: 

matri('C's of age-specifie sllrvivorship :mJ fecundity values, lIntil 

a staole age distribution i5 attaineJ. 



------------

2. Input 

This pro gram is run on the RAX (remote access) system using 

a Datacom 35 teletype to type in the data. The program (SIM 13) is 

in the SAVE library of the system. The data, consisting of an 

initial age-frequency distribution (PCD), an age-specifie fecundity 

matrix (FX) and an age-specifie survivorship matrix (PX) are typed 

in and also saved under their respective codes. The format of the 

data,PCD, FX and PX is shown in Appendix C, Program F. 

Once the program begins to run, more data must be typed 

in after the statement "Enter Data" is printed on the output sheet. 

Ollie data required here are the number of age classes and the initial 

population size. 'lliese are entered using the format I2, I6. 

3. Output 

The population projection is run by calling the program 

and data from the save library into the input stream using the 

appropriate job control statements (Appendix B, Program F). The 

output consists of the eigenvalue of the stable age matrix, the 

number of iterations taken to reach a stable age distribution, the 

total number of seals in the population at this time and a print-out 

of the pcrcentage distribution for aIl age classes (Appendix B, 

Program F). 
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PROGIWI A 

C PPOG~Ar, FnR SF.X Mlf) A(~r: Sf'EcrFIC OENSITY AND FREQUENCV OISTRI~IHJ.Jf\J<; 
C FO~ DIFF[PENT TI~E P(RIJCS 
C 

r :.fT F 1; r R ~(? fi ( 4 3 l'Î , 1) ) , G L ( 4 2 5 ) , Cil U N T ( 4? 5 , 2 5 ) ,C (1 UN T 2 ( 4 2'5 , ~ 5 1 
~bAL T[r~S(2S) ,nENS(425,~51,A~~A(4251,TOENS2(25),OENS2(425,25' 
!~IT[GrR*2 T.JTAL(2S),NUfJ(Z4),TrnAL2(25' 
1 N T r: Gr. P. *-:? n B , I~ f1 , Y M , '} E , toi E , y ~ t K S iJ 
PITr-r,[P X 
r. r)rJ .., 0 N r J r, L , "Il J"" , r, L , n'\ , 0'>1 Ft" E ,[) E , M P, , y 1\ , K S W 

C REAn 'JlJ. flF r,Plll LCJCATIONS ,t\{). OF SEI\LS, NO. ()F TIM!: PERIOOS 
f{EA.) 15C,r--(iL,NüC,NPE~ 

l'if') .Ft) 'p., A T ( 3 14 , 
C REAl) l,HA Ff1R ["f./t S[AL 

;, C ,\ n (5,"3 fJ 1 ( (n ( l , JI, J ~ l , 6' , 1 = 1 t N OC 1 
~R FlP1f1T ('5X,lU,Tlt3,I4,T2<;,I1,(2) 
C CAlCULArln~ CF rOT~L ICF AREAS 

T 1\ q f. A= ': • 
D'l 52 r<=l,NGL 

C REAO ~~ID LOCATIONS AND ICE AREAS 

3Q 

52 
C 

~E~!J (5,3'1) GUK),AREh(K) 
FaR~AT (?X,I4,F4.21 
TA~ï:A=lf1REA+A~EAIK) 

C ASS1GN:IoIr:NT ,;f <;r"LS TO APPRl1PRIATE DATE rF.Rlnn, GRIO LGCATION, 
C S F x ,'\r'i C 1\ r, f= 
C 

on 0Rl JJJ=I,NPER 
0'1 ':J l K= l , NG L 
n:l ')1 L=I,2-; 
CJ \';,'1 T 2 (K , l. ) = ) 

51 C n U"lT ( K ,1 1 =1) 

C REAO FIRST A~n LAST DAYS OF Tl~[ PERIOO 
~fAiJ ('),37) OR,MB,VA,OE,"E,yF. 

37 F1R~AT (hl~1 

~HI E r, = N C fi T F ( Il fi , p,I f3 , YB) 
N~ ~f)=N Ch Tf (nE, tJ.E, YE) 
Cil If 1<=I,r-,GL 
Ofl q 1=!.,NOr: 
IF(r,LIKI."IE.C(I,4) GO TC 9 

C TEST Tn SEE IF nATE LIES WITHI~ APPPOPRIATE lIME PERIOO 
x = N·) 1\ 1 t ( C ( l , 1 l ,0 ( l , 2 1 , D ( 1 , :3) ) 

cr: 

IF (X.lT.NREG.CR.X.GT.NE~OI Gn TO 4 
IF(rJ( l ,hl.LT.?I) Ge TO 12 
r)n 13 lL=-21,l6,5 
IF PH 1,6'.LT.LL.OR.O(I,(;).GT.LL+41 GO TU 13 
/001"'=( LL-l 1/5+18 

C CALC1/lATIOr-. CF AGE FkEQUENCY PER GRIO LOCATION 
IF(r,( l ,5 ).EQ.l) COUNT(K,MM)=COUNT(K,MM)+l 
If(O( l ,e;, ).EQ.2) COUNT2 (K ,"'''')=COUNT2(K,MM)+1 
GO rI] <; 

13 cnNTINLF. 
12 0'-:: R L = l , 2 1 

1 F ( 0 ( l ,6 ) • E Q • L -1 • AND. 0 ( 1 , ') • E Q. 2 1 COU r-.l T 2 ( 1( , L ) = C cu NT 2 ( 1{ , L 1 + 1 
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IF (l!,r,fJ).r-(J.L-l .AND.D(I,5'.EQ.l' CnUNnK,.L)=COUNT(K,L'+l 

C 

~ co~rr~u: 

q CUt\TJi\:LE 
10 CIlNT INLE 
C 
C ChLCUll\TICI\ UF ,1fNSITY PER GRID LOCATION 

Dr, 4 l 1< = 1 , N r, L 
en 42 1 -= 1,25 
OF. t\ S ( K ,1. ) = CO UN T { K, U / A ~ E 1. ( K) 
n r N St ( 1<, L) = CCLI/\: T 2 ( K , LI / "R E ~ ( K) 

47 r.nNT J IIJlJE 
41 r::1;r\TIN~E 

nn '.21=1,21 
62 NU /li ( T , = 1 - 1 
C CALCIJLAT:rH. LF TOTALFKEQUENCV 

f)r) Hll K=1,2C; 
TnTI\U 1<) ='1 
ro r.~ L:' (1<) =0 
DO 1'''( J=l,NGl 
H; T J\ L? (K ) = TllT A L2 (K ) +CO urn Z CI ,K , 

1,')(' TnTAL( K)=TOTfll (KI+COljNT( l,KI 
101 cn~Tlf\jlJE 

C CALCULATln~ cr T[TAL OE~SITY 
DO 111 K=1,2~ 
rnUIS2 (K) =TOTAL2 (K t/TARE" 

111 fnEf-IS( K'=TOTALCKI/TAREA 
I<SW=l 

C 
C CAllS r.F rlUTPUT SUnROUTINE 

C 
981 

r.td.L OUTPUT (COUNT,DENS,TDENS,TOTAL) 
KSh=2 
CALL nlJTPUTCCOUNT2,DENS2,TDENS2,TOTAL2) 

CCf\TINLE 
STOP 
END 

SU,W(111lI f.,F nUTf>IJT (CnUNT, CF~S, TDENS, TOTAL J 

C SUfiF\ntJTPlr Fl!r-' PFINrING ALL RESUl.TS 
C 

P [ Il L TeE f\t S C 2 t;) ,0 ~ r ~ S ( 42 5 , 2 'H 
I "1 Tt; r, F Il * 2 r, LI 4 ? C; l ,C /)lJN T( 425 , 25 ) 
I~T(GrR.2 TnT'l(2c;1,~U~(24) 
irITr-(JF~*2 Ofl,fo'[\,'tA,DE,fiE,YE,KSW 
(I1\lWHj ~1r,L ,NUM,GL,OB,ME,YE,DE,MB,VR,KSW 
tq = 1 
K2=')~ 

1 F (~H~ l • l T • 'l n, 1\ ;' = NG l 

~')l !F (~<;\o..(CJ.ll ~'RITE (6,6f:' l)p"r"s,VR,OE,ME,VF 
66 rIlR MflT('!',4CX,' "'ALE AG~ Fr<I:OIJENCIES FRfJ"4',3n,' TO',313/1l 

IF (K~~.~U.21 ~RITE (6,671 Oe,MR,YR,DF,ME,YE 
67 f/'),mJ\T(I!',4(X,'FfIo'flLE Ar.E f-~FOUPKIES FRClM',3n,' rO',313//) 

\-'~rTf (6,63) (~lJ~(H,I.:l,211 

h? f)~ .. tflT (' ',1)(,2115,' 21- 2h- 31- 36-'//' GP.JrJl/' 



on 2\~C' K=Kl,KZ 
PRHJT 2Q,GUK),(COUNTlK,L),L=I,25' 
~ORM.H (' ',r4,3X,Z515) 
wRlTF: (6,61) 

13 

Fa~MAT I1Hl,40X,'NU~BER IN THE AGE CLASSES/SQUARE NAUTICAl MILES'II) 
zn 

WRITE (A,7:H (NUfA(I),I=I,13) 
FORI~"T (1 ','5X,13171/' GRtn'l) 
Oll f,OO K=K l, K2 

o WRITE (6,64) GUK),(CENSIK,l),L=I,13) 
FO~MAT (' ',I4,3X,13F1.3) 
"'RJTE (6,6U 
'tIP IT E «(, , 11) (NIJ M ( 1 ) , 1 = 14 , ZI ) 
FORMAT" ',5X,8I1,' 21- 26- 31- 36-'11' GRIO'/) 
(JO 300 K=Kl,K2 
WR(TE (6,14) Gl(K),(OENS(K,l),l=14,2~) 
FnR'IAT (' " 14,3X, 12F7.3' 
IF (K2.EC.NGL' Ge Ta 302 
K 1 =K 1 + ~o 
K2=K2+50 
IF (K2.LT.NGL) GC Tn 301 
K2=NGl 
Gn TO ~Ol 

CONT 1 N LF. 
PRtNT 500,OB,MA,YB,OE,~E,YE 

() Fnl~MAT(lHl,20X,'lOTAL NIJMOER/AGE CLASS FROM',313,' TO',313//) 
PR [t'Il 502, 1 Nl''''' ( 1 ) , 1 = 1,21 ) 
F ' W 1<1/4 TI' " 7 X , 2 l 1 5 , , 2 1- 26 - 3 1 - 36- , / / ) 
P R J ~IT E l12 , T' JT" L 

2 FfJR'lAT (' ',7X,2515/1//I//lll1n 
PRINT ~01,OR,~B,YB,OF,~E,YE 

? FORMAT(' ',20X,'OENSITY/AGE CLASS FROM',313,' TO',313/1' 
~RITE (b,An1) (NL~(I ),1=1,13) 

C FI)RMAT (' ',5X,l317/n 
PRI~T e03,(TOF.NS( L),l=l,l3) 
FORMAT (' ·,7X,l3F7.311/1/1/) 

'tIR lT E 1 b ~ EU 1) 1 NUM ( 1 ) , 1 = i4 ,21 ) 
F:IR~AT (' '"X,ql7,' 21-
PKt~T f04,(TDfNSIL .,L=14,25) 
F~~MAT (' ',7X,12F1.31//I/I) 
RFTURN 
E~~O 

, 

FIII\r.TICN N:lArE(O,'~,y, 

2b- 31- 36-'ln 

SUi\ROIJTI~F \ISEO TO I\CCEPT THE NUflHEFS FLJR OhV, ~nNTH A~O Y~AR AND 
TO PET!J~N /lN f)RnERED NUMAE~ Hl THE fl.AIN PROGrtAM FOR DATE TESTINr. 
THIS IS nNlY hPPlICA~LE TO DATES AFTER 31 DECF.MBER lq65 

INTF.Gf:P*2 r),"',Y 
1 N TF r. E P N" H ( II ) 1 3i ,2 9 , 31 , :3 ~ , 3 l , 3 1), 3 l , 3 l , 31) , 3 l , 30 ,3 11 
IF (n.EO.0.0R.M.E~.~) GO Tn l~ 
NI)~TF=C+~"b~(V-hb) 



06 
07 
08 
09 
10 
11 
12 
13 

r 
i' 

6 

10 
7 

~M = -1-1 
IF (~M.EQ.0) GO ln 7 
on 6 1=1,MM 
NOATE=~DATE+NYR(It 
en TO ? 
NDATE-=C 
RETURN 
END 

14 
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PROGRAM B 

(PRr)r.:~A·· ff"P Cr:J:'PU""PIr, UFr TAr.L[S FR::M "Gr- fRH)lJr~ICY f1ISTR):HJTI('~,I" 

r ~; Tt: G l, F' l (1 T ,\ L , 1.':; ) 
1 ~,; Ti; r. r. 1) : : 1 JI~ ( -: '5 ) 
1 (~ T t- r, (" R l T ( lo , '1 ) 
Kr~L XMFAN(I~I,~X(?5) 

r PEAD ~!IliltHT !IF "Gr: FKE(~IIF.r-.Ir.Y DrSTkrI1UTIf'l~IS 

nAl fi tlllM(??I ,t;IJ:H 73) ,Nur", 74) ,r~lW (75) l' 7.2-',' 76- 1 , l '31- 1 ,' 36-' 1 
P.F~:l (5,127) t\UIST 

171 FnR~flT (12) 
C P,FAO At;E FRr-rIU[NCY OIsnnnUTInN 

1) ;) '. Cl 7 1 J = l , NI) r S T 
RUd) (CJ,?-Ol) TcrAL 

300 rr'r~'IAT (751]) 
1 )(1 ? ~ 'i ) -:: l , ? l 

?')'i NU~q T )= )-) 

C rnTAll l''J(; rI-" NU'v1tHR PfR liGE FRr[.)U[~CY nrSTnIRllTInN 
lTrTAL-=O 
I)r' ") <; ':l 1\ = : , ? c:; 

753 TT0TAL=lTn~~l+TnTAl(K) 

LT(;'6,;')=0 
LT( 1,21=1000 

C 
C ("LVJLAT)l N flF flIFrF"p.r~l ELEr~r:NTS nF THF- LIFf TARlE 

1 ) r' 1. '1 0 K = l , 2. ~ 
LT(K,1)=IFIX()000.*TOTALIK)/TTOTAL+O.5) 
Ir (K.lr:.24) lTIK+l,~)=LT(K,7)-lT(Krl) 

Ir (LT(K,~).EQ.O) LT(K,~)=o 

Ir (LT(K,2l.tH::.O) lT(K,3)=IOOO.*LT(K,ll/lï(K,2}+0.5 
X~rIÎN(K)=(LT(K,2)+lT(K+lt2»/2. 

2 50 cnr-n (~Jl.11: 

c 

S=O. 
nn ? '5 l L = l , .~ 5 
K = 20- L 
s=s+x"ri\~(K) 
JF(LT(K,?l.rO.OIFXIK)=Q 
1 F ( L T 1 K .2 1 • NE:. 0 ) E X ( K ) = SIL T( K ,2) 

C (lU TrU i C; T A T t: '-1 Et: TC; 
2?1 crlr'diNUF 

\:RITE 16,7.56) 
7.~(, FlIP:UT('l',' Ar,E ClhSS ~JlJ~p·ER PF~ 

7 "GC sprc IFIC <J[AN SIIRVIVORS 
',;1> 1 Tr:I 6 , 7 ') 7 ) 

~lt,4HFP prit 1000 
~fAN LI~E') 

2 rq r Il ~ ~-11\ T (' " l 3 X, 'fi r, reL ~ S S P r: Q AG 1= r lAS <; 1000 y r, P T fI( 1 
7TV I~ATE ArTWt[N (LA5SrS f.XPECTANCV' l ,. 

; 'K 1 T t (b, 2 5 ~ ) 1 Nil rI 1 KI, 1'1 TA L 1 1": ) ,IL T ( K , JI, J=' , 3 l , X "4 F fi ~I (K ) , r X ( K ) ," ':: 1 , .., 'L: 
2711 r. 

2 5 0 f- ( i " '~A T ( '0' , 1 7 , 1 l l , 1 1 4 , 2 1 l 6 ,r l 1 • 1 , F 1'1 • 2 ) f:; 
~,:r 1 T E (6,25 C) (~II'" 1 K ) , TOT Al ( K) , ( L T ( K , J ) , J-= ). , '3) ,le ~E .\ N ( K , , EX 1 1< ) , !~ :: :''' ;, 

i:;":-t.1 

2:~7 2~~~~~~,(,~O •• A7.IlI.Il •• 7116.FJ7.I.FI6.71 ~ 
STOP 
t=NIl 
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PROGRAM C 

CAGE SPECIFIC COMPUTATION OF STANDARD BIOLOGICAl MEASURfMENTS FOR 
C DIFFERENT TIME PERIOOS 
C 

INTEGER OB,YB,CE,YE 
INTEGER AGE(63B),S(638),XU638),Ul(63IH,U2(61A' 
RéAL M(11),SD(11) 
REAL B(63A,11),A(638),C(63BI ,D(210r, 
1 NT E GE' R ND ( 11) ,n y, 63 8' ,M N ( 63 B) ,Y R ( 63 8' , NU M , 13 ) 
on l 1") J = l , 13 

l1C NU"'( l' =1 
C READ NU~BER OF DATA CARDS AND CATE PERIOos 

REAO (5,12) NDC,NPER 
12 FORMAT (213' 
C REAO DATA ~ATRIX 

REAo (5,1) 'S(I),AGE(I),(R(I,J),J=1,3',A(r),C(I',R(I,S',BCI,9' 
2 , U l' 1 , , lJ 2 ( 1 , ,B ( J ,10) ,B ( l , 11 ) ,XL ( 1) ,B ( l ,5 , ,DY ( 1 » , MN ( 1 , , YR ( 1 , • 1 = l, N 
2C) 

1 FORMAT(2eX,rl,I2,2X,2F3.0,F2.0,2F3.0,1X,F3.C,1X,F~.2, 
22tl,2F~.O,3X,ll,F4.1,T6,3I2' 

DO 999 IJ=l,NPER 
C READ FIRST ANn LAST OATES OF TIME PERlon 

RFAO (~,31' OR,MR,YB,DE,~E,YE 
31 FORMAT (~13' 

NAEG=NCATF.(DB,MB,YB' 
NENn=Nr.ATF.(nE,~E,YE) 

WRITE (6,127) oR,MB,V8,OE,ME,YE 
121 FORMAT ('1PERIOD FROM' ,313,' TO' ,313) 

WRITE (~,169' NUM 
169 FJRMAT ('('l','COL. NO.',3X,Il,12111)/'O','AGE') 
C CONSTRUCTICN OF MATRIX FROM hHICH THE SOBROUTINE MSo CALCULATES 
C THE ELEMENTARY STATISTICS 

DO 22 l=l,Nnc 
8' l, t,J =0. 
B ( 1,1) =n. 
IF (S(T).EQ.U B(I,6)=(4(1)+C(I»/2. 
IF (S(J).EQ.2' BU,1'=(A(I'+C(I)'/2. 
IF (B( l,l'.EQ.O.OR.BCt,Z'.EQ.O.' GO Ta 12 
8(1,4'=0.015.8(1,1'.8(1,2'.8(1,2)/(2.2045*2.54**3' 
GO TO 22 

32 B ( l ,4 ) =(l • 

22 CONTINUE 
L=O 

10 K=~ 
N1=C" 
N2=n 
N3=0 
N4=C 

C SEARCH FOR SEALS 8ElCNGI~G TO THE SAME AGE CLASS 
DO 1 J =1, NoC 
IF (AGE( t) .GT.20.ANO.AGE( 1 '.NE.99' AGEC 1 '=(AGE( 1.-U/5+11 
IF (AGE(II.NE.U Ge TO 1 
X =No AT E ( CY ( 1 , ,MN ( 1 , , YR (J , , 

IF (X.lT.NREG.OR.X.GT.NEND, GO TO 1 
00 6 J =1,11 



K=K+ 1 
O(K)=[HI,J) 

b CO~TINlE 

C CALCULATION OF PERCE~TAGES 
IF (Ul(l).EQ.4.0R.UZ(I).EC.4' Nl=Nl+l 
IF (S(I).(Q.2' N2=N2+l 
IF (XL(J ).GE.2) ~3=N3+1 
IF (XL(I).GE.l) N4=N4+1 

1 CONTtNLF. 
IF (N2.EC.O) PCl=O. 
IF (N2.NE.O) PCl=lOO.*Nl/N2 
IF (N4.EQ.O' PC3=O. 
IF (N4.NE.O) PC3=lOC.*N3/N4 

C OUTPUT STATEMENTS 
CAlL MSD(D,K,ll,~,SD,ND,~CT' 
LL=K/ll 
WR~TE (h,3) L,ND,N2,N4,L,~,PC1,PC3,l,SO ,LL 

3 FrJRMAl('O',tZ,l3IlO/' ',12,13FlO.l/' ',IZ,llFlO.1,' 
2S ',13) 

L=L+l 
IF (L.lT.25) GO lO 10 

999 CONTINUE 
STOP 
END 

C 
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CLASS TOTAL 1 

C SUBROUTINE Msn Ta CALCULAlE AGE SPECIFIC ELEMENlARY STATISTICS 
C FOR DIFFERENT MEASUREMENTS 

S lJ OR 0 UTIN EMS D ( 0 , N , N C , PI , S 0 ,N D , NC T) 

INTEGER ~CT(NC"NO(NC' 
REAL A(h38,11',SD(NC),M(NC) 
RE AL 0 (N) 

L=N/NC 
K=O 

2 K=K+ 1 
DO 2("1 J=l,ll 

20 B(K,J)=O(ll*tK-l)+Jl 
IF (K.lT.l) GO TO 2 
00 1 J =1 ,NC 
SUM=O. 
Su~so=r:. 
NC T( J) =0 
IF (L.~E.O' GO Ta 4 
M(J)=O 
ND(J)=r. 
SO(J)=C 
GO TO l 

4 DO 2Z l=l,L 
IF (n ( l, J) • E C. o.) NC TC J) =NC T (J, + 1 
SU"'=SU ,",+lH1 ,J) 
Sll~SIJ=SU"'SO+B(I,J)**2 

22 CONT t N LF 



1 
2 
"3 
4 
l'i 

'6 
,7 
,8 
,q 

o 
1 
Z 

3 

'~l' 
'"11,;: 

" . ., 
18 ,;;:! 

3 

1 

C 

ND ( J ) = L - NC T ( J) 
IF (ND(J).NE.l.AND.NO(J'.NE.O' GO Ta 3 
M(J)=O. 
SO'J'=C. 
GO TO 1 
M'J)=SlM/ND(J' 
SD(J)=SQRTeSUMSQ/CNO'J)-l'-MeJ'**Z*NDeJ'/'ND(J'-l" 
CO NT 1 NUE 
RETURN 
END 

C SUBRnUTINE LISEr) TO ACCEPT THF. ~U~OERS FnR DAY, MeNTU AND 
C TO RETURN AN ORQERED NUMAER TU THE MAIN PROGRAM FOR DATE 
C THIS JS ONLY APPLICABLE TO OATES AFTER 31 DECEMBER 1965 

Y EAR AN[ 
TESTING 

6 

10 
7 
C 

FUNCTICN NDATE'D,M,Y) 
INTEGER D,Y 
TNTEGEP ~YR(lZ)/31,29,31,3C,31,30,31,31,30,31,30,3ll 
IF (O.EQ.O.OR.M.EQ.O) GO TO 10 
NDATE2C+3b6*(V-b6' 
MM =M-l 
IF (~M.EQ.O) GO TO 7 
on 6 I=l,MM 
ND~TE=~DATE+NVR(I' 
GO TO 7 
NDATE=C 
RETURN 

C KEY TO COLUM~ CONTENT OF STA~DARD BIOlOGICAL MEASURHENTS 
C 
C 
'C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

COL. 1= NOSE TAIl LENGHT (CM.' 
COL. 2= MA~IMUM GIRTH (CM.) 
COL.3= BlUAREP THICKNES5 (CM.) 
COL. 4= ESTIMATEO WEIGHT eFORMULA OF USHER AND CHURCH 1969) 
COL. 5= MEASUREO WEIGHT 
COL. ~= T(5T15 SIlE (LENGTH + WIDTH/Z' 
C~L. 7= MA~MARY SIlE (LENGTH + WIOTH/Z' 
COL. R= FOETUS lENGTH (CRORN RUMP) 
COL. q= FOETUS WEIGHT 
COL. 12= NlMBEROF SPECIMENS CONSIDERED, PERCENT WITH A FOETUS 
COL. 13= NUMBER OF SPECIME~S CONSIDERED, PERCENT LACTATING, 
TOTAL IN THF. AGE CLASS 

ELEMENTS I~ COLS. 1 TO Il ARE: NUM8ER OF SPECIME~S, MEAN AND 
STANDARD DEVIATION 

END 

:. '1 



PROGRAM D 

C 
C PROGRA~ FnR C[)MPILATICN OF MALE REPRODUCTIVF nATA 
C 

19 

R [AL M ( 2) ,S l)( 2 ) , X fi A X ( 2) , X'" 1 N ( 2) , B ((\0 ,? ) , Cl ( R 0) , E l ( AO ) , DO ( 200 ) 
1 N TE GER t-IO ( ?) ,DY ( 80) ,Y R ( A 0) , MN ( R 0 ) , AG F. ( 8 0 ) 
INTEGER OB,YA,CE,YE 

C READ ~U~AER PF CATA CARDS AND DATf PERIOOS 
REA D (5, 12) N OC , NP E R 

12 FORMAT (211) 
DO q9q I=l,NOC 

r. RE~D DATA ,.,ATRIX 
REAU (5,29) OY(I ),MN(I),YR(I),AGE([),Btl,1),CltI),B(I,2),F1(I) 

29 FORMAT (5X,lI2,T3C,I2,2(F4.1,F2.0» 
qgq CONTINUE 

00 '1Q1 IJ=l,NPER 
C REAO FIRST ANO lAST DATES OF TIME PERlOO 

R(AD (5,37) OB,MB,YB,OE,ME,YE 
~7 FGRMAT (613) 

~R(G=NOATE(DB,"'B,VB) 
NfNO=NDATE(OE,ME,YE) 
WRITE (6,!21) DB,MB,YB,DE,~E,YE 

121 FrR.MAT ('lPFRIOD FROfot',H3,' TO',313) 
WRITE (6,1.2~) 

12B FORMAT('OCOl 1 2 3 4 5'I'OAGE') 
L=O 

10 K=O 

C 

N=O 
Nl=O 
PCSP= O. 
PCSPE=O. 

C SEARCH FnR SEALS BELONGING TO THE SAME AGE CLASS 
Dr 1 l=l,NOC 
1 F (A G E ( 1 ) • G T • 20. A ND • AG E ( 1 ) • NE. Q q ) AGE' 1 ) = ( AGE ( [ ) - U 15 + 1 1 
IF (AGEII).NE.l) GO TO 1 
X=NDATE(OY( 1) ,MN( 1) ,YR( 1') 
IF (X.lT.NBEG.OR.X.GT.NENO) GO 10 7 
Dr 6 J = 1,2 
K=K+l 
,1 n , K 1 = A ( l , J ) 

6 cnN T If'JU E 
IF ICl( Il.NE.O.) N=N+l 
PC S P = P C ~ P + C lC 1 ) 
IF (El( Il.NE.0.1 Nl=N1+1 
PCSPE=PCSPE H: l' 1 ) 

1 CONT INUE 
It (K.fO.O) GO Tn 21 
CALl MSD(OO,K, 2,~,SD,NO,NCT,XMAX,X~IN) 

C 
C CALCULATICN OF MEAN PFRCENTAGES 

lL=K/2 
If (N.fe.O) 
IF (N.NF.Q) 
IF (Nl.EQ.OJ 

XMNSP=O. 
XP'NSP=PC SP IN 

Xf04NSPE=O. 



·5 
.f, 

7 
8 

Q 

o 
1 
2 
3 
4 
5 

·6 

) 1 
)7 
)3 
14 
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20 

IF INI.NE.O) XMNSPE=PCSPE/N1 
SM=IOO.*Nl/ll 

C 
C OUTPUT STATEMENTS 

WRITE (6,57) l,ND,N,Nl,l,M,XMNSP,XMNSPE,l,SD,lL,SM,l,XMAX,L, 
57 F(lR/4AT ('0',IZ 9 41f,/' ·,12,4F6.1/' ·,12,2F6.1,' rf1TAl',I6,F6. 

2I7,2F6.1.I' ',I2,2F6.U 
GO ro 54 

21 WRITE 16,53) l 
5 3 FOR /1 A TI' ',' NON E 1 N AGE C lAS S ' , 1 4 ) 
54 l=l+l 

IF (l.lT.Z5) Ga Ta la 
997 CON TI NUE 

STOP 
END 

C SUARnUTHIE MSD TO CAlCUlATE AGE SPECIFIC ElEMENTARY STATTSTICS 
C FOR nIFFfRENT ~EASURE~ENTS 

SUB~OUTINE MSD(D,N,NC,M,SD,ND,~CT,X~AX,XMIN' 
REAL XMAXINC),XMIN{NC) 
RFAl B( 80,2 ),SD'~C),M'NC) 
INTEGER NCT'NC',NOCNC) 
REAL D (N) 

L=N/NC 
K=O 

1 K=K+l 
DO 20 J=l,NC 

20 BIK,J)=DI Z.(K-l)+J) 
IF IK.lT.L' GOTOl 
na 1 J= 1,NC 

22 

3 

1 

SUM=O. 
SUMSQ=O. 
NCTlJ)=O 
XMAX(J)=O. 
XMINIJ)=qqq.C) 
IF Il.~E.O) GO TO 4 

~"J '=0 
ND(J)=O 
~D(J)=O 

GO Ta 1 
on 22 1= 1, L 
IF ISIJ,J).EQ.O.) NCT'J)=NCT'J)+l 
XP'AXIJ'=AMAXl(BI I,J),XMAX(J» 
If ([HJ,J).NE.O) XMIN'J)=AMINUB(I,J),XfoIIN(J)) 
SUM=SUM+R ( l, J' 
SU~SQ=SUMSC+RII,J)*·2 
CI"'N r INUE 
NOIJ'=l-NCT(J' 
IF INDIJ'.NE.1.ANO.NO(JJ.NE.O' Ga Tf1 3 
M(J)=O. 
snIJJ=o. 
Ge Ta 1 
~(J)=SUM/ND(J) 

SDIJ'=SCRT(SUMSQ/(ND(J)-1)-M'J).*2*NOeJ)!(NOeJJ_1» 
CONTINUE 
RETIJRN 
END 



C 
C SIJf\RflUTINE USEe T(1 "r.CEPT THE NUMBERS FOR DAY, MONTH AND 
e Tn RETURN AN ORDEREO NUMRER TC THF ~AIN PROGRAM FOR OATf 
r. THIS IS ONLY APPt ICAliLE TO DATES AFTER 31 DECEMRER lQ65 

6 

10 
1 
r. 
C KEY 
C COL. 

FlINCTION NDATE(D,~,y) 
INTEGER D,Y 
tNTEGER NYR(12)/31,2q,31,30,~1,30,31,31,30,31,30,311 
IF (D.EQ.O.~R.M.EQ.O) Gn Tn 10 
NOATE=O+366*(V-66' 
MM=M-l 
IF (MM~EQ.O) GO TO 1 
DO 1, 1 = ] , roi M 
NCAT(=NDAT[+NYR(I) 
Gn Tn 7 
NDATE=O 
RETURN 

TO COlt/MN cnNTPH MALE REPRODUCTIVE DATA 
1= TESTIS TURULE DI"METER 
2= EPIDIDYMIS TUf\ULE DIAMETER 

21 

YEAR AND 
TESTING 

e 
e 
C 
C 
e 
e 
C 

cnL. 
cnL. 
COL. 
COL. 

3= NUMBER nF SPECIMENS, MEAN PERCENT SPERM 
4= NUMBER OF SPECIMENS, MEAN PERCENT SPERM 
5= PERCENT SEXUALLY MATURE IN AGE elASS 

IN TESTIS TUBULE 
IN EPIOIOVMIS TU~UlF 

ELEMENTS OF COL. 1 AND Z ARE: NUMRER OF SPECIMENS, MEAN DIAM~TER, 
STANDARD DEVIATION, RANGF. (MAX. AND MIN. VALUES) 

END 



" 1 
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PROGRAM E 
.-._--- - ---

C hG~ ~PF(TFIC ~~ALVSTS OF Ff~ALE REPRODUCTIVE DATA FO~ 
r: r.TrFEPr:'IT '1hTF Dc::qIOO$ 

TNT F, r:~ ".Jn ( t n ) , Nil '1, ( t q l 
? F 4 L .~ ( l " ) • c:; ') ( 1 ,., ) , .< 'A 1\ )( ( lA) , X ,., l ~ ( t f::, l 
J ~JT t: ~ r 11 """,' { ? Ij 1 • ~'l D ( ? '1 ) ,W)( 2 r:; ) , N S ( ? 5) ,N TC 2 C;) 

p'rr.-:t:'~ I)V(f''l01,Vr(f)f)O) ,M~(f,Or.1 

! ~' rr- {~r :> <; r l( ( (,(, n 1 • h r; r ( ,., ('0) , r. ( (, 1') n) ,Q ( (, ') 0) , TC 600) • U ( "0 0 ) 
t;' r I\L h ( r.r'~ ) , ~ n, ( ~ 0 0. ) ,r. ( 6 no 1 , rH 600) ,F. ( (, 00) ,F ( 60') , .tH 61) 0) • P ( 6 no) ,ru (:~: 

? r~" l , S ( (, nI') 
PF '"'L iH ACr.. 1 n l.!)f) (100() 
!NT~~F~ np,Y~.!)E,yF 

C Pr"I\t") rjl)v,r\Eq nr f)AT~ ChROS "NO DhTF. PERTO~S 
~Fhn (5.121 Nnr..NDF.q 

Fr)Q"I"T (JT1' 
!)e' qqq l=l.Nnr: 

( RFno n\TA ~ATRTY 

J') 
qqq 

71? 

17 

177 

7"''5 
r 

r> Ffi,.., (~. 7 q) St: X ( 1 1 , "r. E ( 1 ) , fi ( T , , ~R ( Tl, r ( t ) , n ( t ) , F. ( 1 ) ,F ( 1 , • G ( 1 ) ,H ( l 
7) , n ( T ) , Q ( 1 ) • ~ ( T ) , S ( T ) , T( T ) , U ( T ) ,f) y ( t ) ,MN ( 1) ,YR ( r ) 

rOQ"lhT (T?~.Tl,t?,17.X,7(Fl.0,7F7.0).2(ll,?F2.0) ,2Jl.T6,317.) 
C r'lT HIll F 
on 712 1 = l , , R 
~-II)"4( T ) = l 

""'l ·t1"1 .JJ.J=l.\ID[R 
QF~I) (r,.~7' O~,~~,YA.OE,ME.YF 
rnR'l,flT (6T ~) 
~! p. ~ r, = N nA T F ( F) A • Mn, y ~ ) 
N~NO=~OATr(I)E.MF,Y~l 

WPTTF (~.1?7) n~,M~,Y~,f)E,ME,Y~ 

FnR'-1AT (')PFIUnO FR~M',3t3.· Tn~.3Tl) 
' .. 1 Q T TF (~ , 7'3 r;) ~llJ'" 

rrQ'"I\T (' nr:nl'. ',Xoll, 1 716/'0 '. '''GE') 

r: rn\;STP'ICfW"1 '1e: '1hTQ IX FROM WHTCH THE Sn~~OllTtNF 'o1SD. CALCIIUHFS 
r. THr f-'lr:~~"!Th::>v SH.rJSTTt:S 

r1O' t=t.·~r.r: 
t r ( ~ ( T , • r '.' • " , r,P T'1 P, 

1It,·!,)=(). 
~ ( T , '. l :: (\ • 
f'lrt S? J=Q.l:> 
rH T.J'='). 
It: 11~(rl.Nc.l1 ~n TrJ 6" 
'\(f,l'=~ltl 

~(T,n::""ITl 

q ( r • r; ) = '\ L\ CT) 
1\ ( , • " l :: ': ( t , 
n·IT.71=t:(J' 
f\(f,~'::C(Tl 

TF (r.(!I."f-.7) r:n Tf1 77 
r\lI,')=I)(" 
BI r,?)="(!' 
"CI.71=f\f\IT) 

~(I."':r:(1, 
L' ( , • r. 1 : F ( T , 
rll 1 .1. 1 = C ( : , 

r.r. Tf' 11 

:~(' ."11='" Tl 
'1 ( , • 1.) =0 ( 1 ) 
r. ( 1 • 1 1 =". 
'q!.JI:" • 
. 'r: <;1 J=r;.n 

., 

" 

':( 

,'.~ 



'il 

17 

1 
r. 

l " 

c 

rH T • .JI:". 
rI( r ,l')):~rq TI 
:: ( T • 1 0' 1 -= r ( r 1 
II·(T.ll,-=rlll 
'1{f .1?l=r:( T' 
rn'IT T "'Je 
'\ ( 1 • 1 ~ 1 = I~ ( r 1 
Il ( T • 1 If , =: P ( r 1 
',( 1 • 1 t;, : 1 ( ! ) 
H{T.l/,l=S(T 1 
r,n\JT TN'l!: 

~'t =~ 

'I? -= () 
~! 'l = () 
~~ f-., =" 
'~7-=() 

'J l'l =" 
r. SFf,l:'rH r"q St:flLC:; "qqNr.tNG Hl THr: C;~"1!: "r;F ClASS 

'V'" 7 T=l.~I'1r 
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r t: (,,\ r. F ( T ) • (~T • ") f) • fi P\l:) • '\ r, r- ( T , • '\j F: .1 q 1 AG F ( 1 ) = ( A Gr ( T , -1 ) / r; + 1 7 

r. 

TC ("r.r::(T).~'~.Ll r.n Tn 7 
x = '1 "'1 f\ T r: ( r) v ( , ) • ~. "1 ( TI. Y 1;1, ( T ) ) 
T r (Y. 1 r. '0' ~ J::;. ~1,1 • x. r, r • f\! r: Nf1) r; 0 T n 1 

"n A J=l.tr) 
1(='<+1 
"'1(I()=,,\(t • .J) 

r. r. G N T J \1 t J F 

r Uotf'!t.\pn'J rtF 0FqCr~~ThGr:S r.~~ (0lS. 11 hN") 1.~ n~ 

r THr rr!~C:;T Dhi.F nr- THF 1tJTDIJT 
11= (IJ(Tl.rQ.l.r:J .• U(().f'').Îl N';='l"+l 
If' (~( T,.r'.I.~~".1(! ).F~.? ."'p.~( T 1.EQ.2.ANn.J!' ).F~.t) 
1!' {(; 1 ~ ) • ,,'c • r: ." "1) • ,) ( 1 ) • 'If: .0) N ~-='ll., +1 
1 f- ('1 fJ, (T ) ." c • '" 1 ~o 1 = '1 1 + 1 
,r (~~ ( Tl.!'.: F • '" l '1 n =~: 11 + 1 
T r (T ( Tl. 1'-':: • r, 1 r..r ? = '1 ? + 1 
",' 1 = ~, 1 .. T' ( 1 1 

7 rr:'~ T ! ~J:Jt: 
Tr (K.F1. r ) r;n rr 21 
r ~,t 1. l,: c; r) ( l'I) • v. • l', • ~ • c; n • \' f') • "Je T • X r.A \ '( • y. \04 T N) 
1 1 =" Il f-

I F (~J;>. r ~ • "1 y " t: '" r 1 = ."1 • 

t r r 'P. !\Ir • .,) J( '} c: fi" = t: Ln" r 0'1 l I~'? 
TF (~~.~0.n) Drr,,=". 
:r (~~.~r."'l nrrA=t0n.~N/~~ 

~"'(I.+11=N""( 11) 
\ ~ (1 + 1 1 -= ',' n ( 1 c; 1 
\, '1 ( ~ + ' 1 ::', 7 

":e; (1 .. , 1 ="" 
",'T(L+"='~(' 

, rlo.!"~:!T <\T.\TE).'f\:r, f'''D o"r.~ 1 CF THF ~F~"LT, 

·,;'"rr r'-,'ll 1 ."l".\:~,\!'.L.··."CC~.)tYCI\~.L.)O.ll.L.X'-'I\X.L.f.Mt"./ 

, 1 F '1:l'A A r ('!".!'. t 0 T " l' '. t , • p~ Fil. 1/ ' '. 1 ~. ){) F h • 1 .' T ~H "t 

" ,. 
r~ .. ';~ 



1 

r ~ ('../ ( r , .1 ) • ~J r • (') y M 1 r-.,J ( J ) = A f4 l ~'l ( ~ ( l , J ) , XMl N ( ,J , , 
~IJ"=~U"'+f',! T. Il 
~lJT;")=S'n~,)+1{ T ,J)**? 
rr'Jrrro.:lJr: 
'm{J)=L-I~rT(J) 

!F U.'''(.JI.'~!.1.1\:-.:r;.I\Jr)(J).NE.0) ;,~ TI) 1 
'~ ( JI = 0. 

c;n(J)=". 
r,'1 r n 1 
\1( .J l = <; 1/ "II ~I f) ( J ) 
t; n ( .1 1 -= C; ~ R T ( S'l vS,') /( ".! f) ( ,Il -1 ) - M r J , * *? * j\J 1) ( J ) 1 ( f\,! rH J ) -1 , , 
r.(':"!T T '.'\lr 
!J. r T I,PI ~J 

r-I\/ f) 
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C SI,PQClUTrNF IJSF-f) Tn ACr.FDT TH~ ~llJ~"E~S Frf{ DAY, ~10NTH A".Jr) yq,P' h' 
r: ln :?I=T'J~N A"J f11flF.~E1 N'.J~!gI=R rn THE 'HIN DIHlGRAM FOR r)ATF TF.STI~f .. 
f" THrs rs f"~1 y J\{lf''-Trfl~1 F TQ DhTF<; I\FTr:r~ ~1 Otr.F.MRE~ l'l65 

r Ip j ( Tf" ~~ ~.! I"l .~ T ~ ( !) , \'i , Y ) 
T":T:::~F~ f),y 
TNT;:~I=~ ~IVO(17)r\l.~q.·::n.ln,1t .30.11,11 ,30 .. ~t.30,311 
rr (·).r:')J.r::'.f'.f0.0) r,O Tn ln 
~"~T~=I"l+l~~e(Y-A~1 

.,V= '.1-1 
,r (~. M • rI'). ")' r, r T () 7· 
nr 1, r = 1 • ~~ v. 

t., .... p 1\ T r = \! nl\ T E +"J V 'U , , 
(',r~ T" 7 

,. 
r 

I\'n" Tr =n 
...:FT~J?~J 

r: KFV rn f"nUJt·HJ r.rrH~NT rEMALF. RF.PR')f)UCTfVF DAT" 
,. 
r PJ\r: ( l ')r l')tJTl'lJT 

f" r'll. 1= ~lll'.4~r-P (IF FO'-L lCL~S IN nVARV W[TH CORPUS LlJT':U'" 
r. ((ll.?= ~t]'~Rt:R ne. 1='111 fr.u=r; I~ OV,QV Wl TH'1UT C'l~PUS L'JTFlJ'~ 

f" (nI.. "l-= ~IJ'"n,c:~' r,!: Fl'I L1CLF<; n~ O.Tr.HT nVARY. (NO cn~plJS lUTEII~l 
f" rr"l. 1.= :\!'l'I,,r-n rF c'Jll IClrS IN l.F.FT fJV!l.RY. (Nn CORPUS LurC::W11 
... r: roof S. ') l "\ f) n'= r) , t\~ .. FT F Q <; n F l" ~ r. EST F n L L T Cl FIN n V A R Y 
r: ~'!TTH CP:'l')<; I.UT~IJ'" 

r. rr;, <;. 7 ,,~r) Il= f)'''~.ETFq<i nr- L,,~r;FST FflLllClE 1:'\J I)VA:~Y 

r. ':lP'II'1!JT cnpPllS lurc::u'·4 
r. cr'l S. 'J fi'!') 1~= ')T''''FTE~ Ilr LA0r,F.<iT r:nl.l T':lF IN 
r. Q,~'HT 'lV·~QV. (~r ;.nl~PU5 LUTf7l/"~1 

f" Pli <;. " .''-:1 p= nI'\'·FTt:~S ~c 1.~Rr.rC;i F"IltCLF PI 
r: lrp=T nlJflOY. (~!~ C"""IJC; '-'JTf:UV'1 
r. rr l SIl A\r) 1/.= ·)J':Y.fTF.?S 'lr- r.n~pus LIITFIIM 
r: C1l~. 1" "'In 11,= f)ffl'lfTFP.'; ~t: r.'l~PIJ<i Alo.JChNC; 
r: f'll. 17= :\;If·-1'~r1 . ."TL~ r:'}OOI/<; .\1 rlTCfI'JS IN ,...pn'1SlTE nV"~Y Tf1 
~ f"~'':'OIl<; 1.IJ;c~I·! ;lr.r~rc"p.,;c ;:1= ';ïl'l C; t,.ITTH r.r1~PUS âl"Tr:t\~S TN 
r r p ~ f 'S ! T r: r V '\.~ V T :"1 fI·f c r. (J ~ 0 IJ :; LI J T r-lJ".,., 

J 
f" (rI. l q= ~'J!J\nr: ~ Ile <;0 r CT '''PIC; cn'.JNTF·) F a~ TOT Al "!\Jr-1q ~ ~ nr CIlP p~~f. :J 

'{1 

r
r "L"\lr.h'!Tll!. :1:,....::~ '!,,"ncQ ~r- r:QRoT~'l ~Ln·lr,\f\,!TTA PF~ ')VhP.Y i'h!R1i.".' 

rq""'l '!,,'lI\CO ,.. A~!!~lflL<; PI A~C:: r:thS<i 



/h/ ' '.T7.t6rb.l/' '.t?16F~.11 

"1 ',JC'TTr (/,,"~l L 
C;~ r:r:",'j\T( 1 '. ·"Jr)~.'F T~ flcr CLASS'.t41 

[\\ "!! 1 + 1 , = n 
ND!l.+l)=(' 
f\'0! 1 ... 1 1 =("1 

-.;q!+l)=" 
~.! T ! 1 ... l 1 = ('\ 

'\4 l=L.1 
T r (l. 1. T • ') 5) r;n Tn 10 
Ol{! "IT q,:\4 
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r:'1RM"-T (' lCLA<\S' .AX. 'N7 s p , • ~ X. ' N" PC RB' ,1 r; X • ' PC R r l' 1 ) 

r: CI\I rt.JLI\TTflN '1r pFPfENTI\f,r-S Fnp. Phf,f ~ 0F THF RESllLTS 

(' 

'ln ~ ~"' L = l , , ft 

Tr (~Q( L 1.r.').0. t\l'1n.f\JQ!I.+11.FQ .(n 
TF ('\!')(L).'Ir.("I.no .N')(1.+! ).~r.r)) 

?(L+ll) 
IFfNI\ (1.1.ro.n) PCR"=O. 

~p=n. 

SP=(NN(l)+NP(L+l) 1*10f)./(NQ(L 1+t\JO 

l F (N S Cl) • :'II r • 1"\) P r R " = ~ T (I ) *' l n r: • / N S CL) 
rCRçp=°f.RA*So/lOO. 
I.l =L-l 

r mIT l'lIT ~f)R f"\r,r '? nF THE RFSIIL TS 
pp pH Cl ~? , II • ~!() C I.l • S P • N S (l. ) • P CI~ Pa • P f. R E P 

Il .\ ') F [) ~ :wI h T (' '. l C; • ? ( TIn , r (). 1 ) • r- 2 o. 1 ) 
1113 ~WH'\:IJF 
'1 q 1 C. r \J Tl ~'I J r: 

STno 

r. SlJ~IH1UTtNF ~"SD Pl r:l\lCIJLflTF. 1\r;F. S0J:CTFIC ELFMfNTAP.V STATISTICS 
r: Fno Dl~FfR'=~lT ~r:I\SU~E~FNT<; 

S li' :> ~ 1 JT ! ~ 1 E ~ S n ( !), ~I • ~J r: • ~~ • S [) • ~If) • NeT. X "1 A X • )C MT N , 
P r rd. ~ '.' '\ ~ ! !\! r. ) • 1. '-11 N ( N r. ) 
'~ r '"' l "( ~ 'i" • 1 ,., 1 , S r) ( "·1 r: ) • r., C :\1 C ) 
HlTFr,Q{ r1(TCNC),r-.:r.C"lr.) 
qF,\l !"lCN) 
l =~~ 1"1 r. 
K=0 

? K=K+t 
l'ln :,n J = 1 ,'J C 

,,, rl(I( • .Jl="')(ll.,*(I(-ll+Jl 
p: (I(~LT.1.l r;n TO ') 
nr 1 .J = l • ~r. 
<;1.1'4=('1. 
SU" ,)'J= n. 
': r. '!' ( J ) = (\ 
'(v,~y(J)="'. 

X'-1PHJ)=1°.C') 
1 r CI .• !'olf. r l r,f) TG 4 
~(J'=0 

"'f)(J)=f) 
S~(J'=~ 

r.~ TI.' \ 
1. nn?? I=l.l 

TF pQT • .J).rl).".' \lr.T(Jl=~~r.T(J)+l 
x !I.\ X ( J , = hM A Y l (n. ( t • J) • 'JC ~A '( ( .J ) ) 
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r 

r. [tP~F'JTS ~')I: r:'1I.". 1 Tr::l lA ARE NUMnE~ OF SPFr."IMENS, STANDt\P'f) 
~ DF"J"Tr{J~J • RANr,F. (M"X. A~,) ~"'IN. VALUES) r: 
r. PI\~F- ? OF ~F·"hI.F RF.pp,nf"lUCnVF rllJTOlJT r: (PI • "'7:N'.J"1~t:P OF SFt\LC; PfR Ar.r Cl/\C;S WTTH REPqODUCTlVJ: f)I\U r. CClI.. SO : PFRrFNTM~r ANfMl\1 S Sr:Y.U.1\LlV ~},J\TURf PER. fiGE CLASS ,. cr'i. Wl= "'JU'I,I\Ç'Q r)F C;~I\LS \<JTTI-i A r:ORPUS llJTElJ~' PER. AGE r.l.-\SS r. ("("'L. f'r: Il r,: DFRr.(~T 1r. SFALS '.JTTH r:t:P~Of)lJCTTVF ~Of)V PER 4GF: eLAS r. r.r.L. Pr:RF.P= PF.PC9/T 5rXUI\'-lV PROFJ!JcrIVF PER AGF CLASS c 
r: r\['lTC ~*~ I\!';[ CI AC;SI=S 71, 22,;n,74, C'1~RESP0NO TO VfAR CLASSES r. ?l Hl?'), ?'" Tn V), 11 Tf) Pi, 3" rn 41'). 

fNf) 



PROGRAM F 

/LOAD FORTG 
C POPULl\TIOU PROJECTION PROGRAH TO GENERATE A .STABLE AGE 
C DISTRII3UTION,GIVEN AGE SPECIFIC SURVIVORSIIIP AND 
C FECUNDITY VALUES. 

REAL PCD(41) ,F(41) ,P(40) ,AD(41) ,Nm'lAD(41) 
REAL NU ( 1 000 ) 
INTEGER T 

C READ PERCENTAGE AGE DISTRIBUTION. 
READ (5,1) PCD 

1 FO Rt-1A T ( 1 0 F 4 • 2 ) 
C READ AGE SPECIFIC FECUNDITIES. 

REl\D ( 5 , 11) F 
C READ PROBABILITY OF ANNUAL SURVIVORSHIP. 

READ ( 5 , 11) P 
11 FO RHAT ( 1 OF 4 • 4 ) 

DO 9991=1,25 
999 F(I)=O.S*F(I) 

lUT=999 
C READ THE NUMBER OF AGE CLASSES AND AN ARBITRARY INITIAL 
C POPULATION SIZE. 

READ (9,9) H,N 
9 FORMAT (12,16) 

NU (1 )=N 
EV1=O. 
AD(1)=1.0 
DO 7 1=1, r·i 

7 NEWAD(I)=N*PCD(I)/100. 
DO 21 T=1,IUT 
IT=T-1 
EV2=NEWAD(1)/l\D(1) 

C TEST FOR THE STl\BILITY OF THE AGE DISTRIBUTION. 

C 

IF (ABS(EV2-EV1).LT.0.000001) GO TC 68 
EV1=EV2 

C THE HATRIX HULTIPLICATION. 
DO 4 1= 1, f.1 

4 AD (1) =NEWAD (1) 
NEWAD ( 1 ) =0 • 
DO 5 I=1,H 

5 NEWAD (1 ) =UEWAD ( 1 ) +AD (1) .F (1) 
K=M-1 
NN (T+1) =NEWAD (1 ) 
DO 6 I=1,K 
NEWAD(I+1)=AD(I)·P(I) 

6 NN (T+1 ) =NN (T+1 ) +NEWAD (1+1 ) 
21 CONTINUE 
68 DO 69 1=1,1·1 
69 NEWAD(I)=HEWAD(I)·100./NN(T) 
C 
C OUTPUT STATEMENTS 

\'1RITE (6,70) EV2,T,UN(T) ,NEWAD 
70 FORl-1AT ('OEIGENVALUE=',F10.S,' ITERATIonS=',I2/ 
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2'OTOTAL STABLE POPULATION=',F8.0/'OPERCENTAGE AGE DISTRIBUTION' 
2/ (1 ',1 OF6. 2) ) 

STOP 
END 



APPENDIX B 

Sample Output 

28 



Jm.T.~l!-Fll!QUENCIES -nTM- ~l 5 67 '0 30 9 67 

" 1 3 10 S 6 " 8 9 10 11 12 11 14 15 16 Il 11 1" za 2l- Z6- n- It 

"ID 

IIU t' 0 C (' 0 0 c (\ e 0 0 0 Cl 0 0 0 (1 0 0 a' n CI 0 • 
'.U C 0 t' (1 0 c 0 c, 0 c· c 0 0 0 c 0 (1 0 0 (1 CI 0 a CI 

zon c 0 c Cl 0 c· 0 c 0 0 c. a 0 0 0 0 tI 0 0 0 a 0 CI CI 

ZU' C 0 0 0 0 c- c c. Cl 0 (1 0 0 0 c e 0 0 CI 0 fi CI 0 0 

IlIJ C o. 0 0 ., 0 (' 0 0 c c 0 0 0 0 " ~ 0 CI CI a CI 0 CI 

nu c 0 0 C Il v 0 c 0 r c 0 c 0 Cl 0 0 0 a n (1 a 0 • 
Z4U C (1 0 r 1) 0 0 0 0 ~ 0 ~ 0 " 0 0 0 0 0 0 (1 a a CI 

l5U C 0 0 " 0 1) 0 () 0 0 c 0 r- 0 0 0 0 '! a a 0 a a CI 

nu Cl n c c 0 n 1} C 0 c r- a 0 0 0 0 0 0 0 0 CI a a CI 

uu Cl 0 0 0 t' 0 ;: 0 c. (' c 0 c 0 0 0 0 0 0 0 CI C CI CI 

nu c 0 C r 0 0 " t' 0 1) c 0 Cl 0 0 0 t:.I 0 0 CI 0 0 0 CI 

•• Zl Cl 0 ~ t; C 0 0 0 0 0 Cl 0 Cl 0 " 0 " 0 a fi n C 0 • 
zou c (1 0 ~ t) 0 c 1) t' 0 t' 0 (1 0 0 .0 li 0 0 0 (1 CI C 0 

nu t' 0 0 r :) 0 0 0 0 c c n c \) 0 0 0 0 " 0 0 CI 0 0 

UZl 0 0 0 ( Il 0 0 0 0 r c 0 0 0 e 0 (1 (1 0 0 0 CI a 0 

nu c (1 0 c c c 0 0 (1 t' 0 0 c (i c 0 0 0 0 " 0 0 a • 

1 
'"0 

Z4ZZ 0 0 0 (' 0 c 0 0 0 c 0 0 0 0 0 c n 0 " 0 CI CI a 0 ;0 

nzz Z 0 ., c. 0 Il 0 (1 0 Cl 0 0 0 n c 0 0 0 " 0 a e a 0 0 
Cl 

UZl 0 (1 0 CI ., (, 0 r (1 li 0 0 c 1) 0 0 0 0 0 0 c 0 CI 0 

~ UZl 0 0 0 0 ) 0 (1 r (1 ., 0 0 1) 0 0 (i 1) (1 0 0 0 CI 0 0 

lUI :l 0 (\ C 1 0 0 0 0 ') 0 0 c 0 Ù t' 1) C 0 0 c 0 0 0 
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PROGRAM D 

~.ICO FlOM 1 !I 61 TO 30 C; 61 

. COl 1 2 3 4 5 
1 
,AGE 
1 

0 4 4 0 0 
0 !l3.1 611.0 0.0 0.0 
0 1.1 6.9 T(lTAl 4 C.O 
0 '59.5 16.!I 
0 42.5 59.5 

1 '5 '5 0 0 
1 54.4 85.0 0.0 0.0 
1 7.6 24./1 TOTAL 5 0.0 
1 68.0 11''.0 
1 51.0 '59.5 

2 5 5 0 ° '1 52.1 100.3 0.0 0.0 
2 1.1 23.6 TCTAL 5 C.O 
2 59.5 121.5 
2 42.5 16.5 

3 11 11 0 0 
1 54.9 1111.1 0.0 0.0 
3 4.4 21.9 TlITAL 11 0.0 
3 !l9.5 110.5 , '51.0 34.0 

4 14 14 0 0 
4 52. " ''''. 1 0.0 0.0 
4 Il.' 23." TClTAL 14 0.0 
4 611.0 144.5 
4 42.5 51.0 

, Il Il 0 0 
'5 60.6 111.2 0.0 0.0 
!I 7.1 20.11 TOTAL Il 0.0 
!I 611.0 119.0 
5 '11.0 '9.'1 

6 11 11 0 0 
6 51.0 116.5 0.0 0.0 
6 Il.3 n.l Tr"TAL 11 0.0 
6 ".5 "'.0 
6 51.0 !l1.0 

1 4 4 0 0 
7 12.3 1I0.5 0.0 0.0 
1 Il.7 34.1 TOUl. 4 0.0 
1 .J.5 .,6.0 
1 '1.0 ' •• 5 

1 2 2 0 0 .. 10." .,6.0 0.0 0.0 

• JO.l Il.0 TOTAl 1 0.0 
Il 102.0 144.5 
1 59.' 121.5 
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PROGRAM F 

/input 
/include sirn13 
/data 
linclude pcd 
/include fx1 
/include px1 
lendrun 
*IN PROGRESS 
NAIN = 0017CA BYTES 
LAST LOC USED 004B17 
EXECUTION BEGINS 2.3S 
*ENTER DATA. 
41 80000 

EIGENVALUE= 1.00293 ITERATIONS=66 

TOTAL STABLE POPULATION= 102353. 

PERCENTAGE AGE DISTRIBUTION 
15.81 12.92 10.95 9.28 7.87 
2.92 2.47 2.09 1.77 1.50 
0.56 0.47 0.40 0.34 0.29 
0.07 0.05 0.03 0.02 0.01 
0.00 

STOP 0 
*END 

*GO 
loff 
*GOOD-BYE 

6.67 
1.27 
0.24 
0.00 

5.65 
1.08 
0.21 
0.00 

4.79 
0.92 
'0.18 
0.00 

4.06 
0.78 
0.14 
0.00 
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3.44 
0.66 
0.10 
0.00 



APPENDIX C 

Card Layouts 
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PROGRAM A 

Card Type 
Number Co1umn 
in deck Number Format Data 

(1) (See Program Deck 
App. A, 
Prog. A) 

(2) 1-4 14 Number of grid locations 
5-8 14 Number of data cards 
9-12 14 Number of date periods 

(3) "MINIMUM BIOLOGICAL DATA" CARO 

1-2 12 Data type 
3-5 13 General location 

~ 6-11 16 Day, Month, Year of collection 
12-13 12 Species 
14-17 14 Field specimen number 
18-21 14 Grid location (easting-northing) 
22 12 Hunt type 
23-28 16 Hunter identification number 
29 Il Sex 
30-31 12 Age 
32 Il Age particu1ars 
33 Il Embryo or foetus present 

1-3 13 Card number (used for hand sorting) 
4-7 14 Grid square (easting and northing) 

(4) 

8-11 F4.2 Ice area (nautica1 square miles) 

(5) 1-3 13 Day at beginning of date period 
4-6 13 Month at beginning of date period 
7-9 13 Year at beginning of date period 

10-12 13 Day at end of date period 
13-15 13 Month at end of date period 
16-18 13 Year at end of date period 
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PROGRAM B 

Card Type 
Number Co1umn 
in deck Number Format Data 

(1) (See Program Deck 
App. A, 
Prog. B) 

(2) 1-2 12 Number of age-frequency distributions 

(3) 1-3 ) Number of sea1s in age c1ass 0+ 
4-6 ) 2513 Number of sea1s in age c1ass 1+ 
etc.) Etc. 

" 



Card Type 
Number 
in deck 

(1) 

(2) 

Column 
Nurnber 

1-3 
4-6 

Format 

(See 
App. A, 
Prog. C) 

13 
13 

PROGRAM C 

Data 

Prograrn Deck 

Number of data cards 
Number of date periods 

42 

(3) "STANDARD BIOLOGICAL MEASUREMENTS" GARD 

1-33 
34-36 
37-39 
40-41 
42-44 
45-47 
48-50 
51-54 
55-57 
58 
59-63 
64-65 
66-68 
69-71 
72-74 
75 
76-79 
80 

I3 
I3 
I2 
I3 
I3 
I3 
I4 
I3 
Il 
I5 
I2 
I3 
I3 
I3 
Il 
I4 
Il 

Sarne as on "Minimum Biological Data" Card <8 
Nose-tail length cm ~ 
Maximum girth cm 
Blubber thickness mm 
Testis or mammary length cm 
Testis or mammary width mm 
Testis or mammary depth mm 
Testis or mammary weight cm 
Foetal length mm 
Length parti cul ars 
Foetal weight g 
Reproductive condition of uterus 
Diameter of right uterine hom 
Diameter of left uterine hom 
Width of placental scar mm 
Lactation (quantity) 
Specimp,n body weight kg 
Primary associated data forms 

(4) (See card type (5) Program A) 



Card Type 
Number 
in deck 

Colurnn 
Number Format 
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PROGRAM D 

Data 

(Ï) (See Pro gram Deck 
App. A, 
Prog. D) 

(2) (See card type (2) Program C) 

(3) "REPRODUCTIVE DATA" GARD 

1-33 
32-35 
36-37 
38-41 
42-43 

F4.1 
12 
F4.1 
12 

Same as on "Minimum Biological Data" Card 
Testis tubule diameter (microns) 
Percent sperm in testis tubules 
Epididymis tubule diameter (microns) 
Percent sperm in epididymis tubules 

(4) (See card type (5) Program A) 



Card Type 
Nurnber 
in deck 

Co1urnn 
Nurnber Format 
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.PROGRAM D 

Data ,-------
(1) (See Prograrn Deck 

App. A, 
Prog. D) 

(2) (See card type (2) Prograrn C) 

(3) "REPRODUCTIVE DATA" CARO 

1-33 
32-35 
36-37 
38-41 
42-43 

F4.l 
12 
F4.l 
12 

Sarne as on "Minimum Biological Data" Card 
Testis tubule diameter (microns) 
Percent sperm in testis tubules 
Epididymis tubule diameter (microns) 
Percent sperm in epididymis tubules 

(4) (See card type (5) Prograrn A) 



Card Type 
Number 
in deek 

(1) 

Colunm 
Number Format 

(See 
App. A, 
Prog. E) 
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PROGRAM E 

Data 

Program Deek 

(2) (See eard type (2) Pro gram C) 

(3) "REPRODUCTIVE DATA" CARO 

1-33 
44 

45-48 
49 

50-52 
54 

55-58 
59 

60-63 
64 

65 

66-69 
70 

Il 

212 
Il 

212 
Il 

212 
Il 

212 
Il 

Il' 

14 
Il 

Same as on "Minimum Biologieal Data" Card 
Number of follieles greater than 

5 mm diameter in right ovary 
!WO diameters (mm) of largest follieles 
Numbers of follieles greater than 

5 mm diameter in left ovary 
!WO diameters (mm) of largest follieles 
Corpus luteum (0 = none, 1 = right 
ovary, 2 = left ovary) 

!WO diameters (mm) of eorpus luteum 
Reeent eorpus albieans (0 = none, 
1 = right ovary, 2 = left ovary) 

!WO diameters (mm) of eorpus albieans 
Number of eorpora albieantia in the 
ovary pair 

Embryo (0 = none, 1 = blastoeyst, 
2 = foetus) 

Embryo size mm 
Reproduetive traet (0 = no information, 
1 = nulli-, 2 = primi-, 3 = multiparous) 

(4) (See eard type (5) Program A) 
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PROGRAM F 

/display pdd 
*IN PROGRESS 
0001 16911166 816 637 541 476 428 390 355 323 
0002 294 267 245 225 209 196 182 169 156 143 
0003 133 123 113 102 93 85 77 70 63 55 
0004 47 37 28 19 13 7 4 2 1 1 
0005 1 

1 

*END 

*GO 
/display fx1 
*IN PROGRESS 
0001 26 36 46 56 66 77 
0002 85 85 85 85 85 85 85 85 85 85 
0003 85 85 85 85 85 85 85 85 85 85 
0004 85 80 75 70 60 50 40 30 20 10 
0005 0 
*END 

*GO 
/display px1 
*IN PROGRESS 
0001 82 85 85 85 85 85 85 85 85 85 
0002 85 85 85 85 85 85 85 85 85 85 
0003 85 85 85 85 85 85 85 80 75 70 
0004 65 60 55 50 45 40 35 30 20 10 
*END 

·GO 


