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EVALUl\TIO;i OF TllE O\/UL/\TED FOLLICLE TEClllJIQUE AS A 

ViEJl.!•S OF UETERIHIHl!G PHE/\SAHT PRODUCTIO:~ 

Abstract 

C. Denis Allen 

A study of the ovulated follicle technique for determining 

egg production in pheasants was conducted durinq 1967 - 1969. 

Evidence indicated collection of wild hens for follicle 

counts should be bet\'/een 5 and 14 \·/eeks after cessation of 1 ayi ng. 

Questionable follicles encountered should be considered 

ovulated follicles and included in the counts. rtost questionable 

follicles \'/ere believed to originate from ovulated atretic follicles 

that were harder to identify because of their particular stage of 

regression. 

The influence of freezinq on atretic follicle counts was 

studied, and no adverse effects were found. 

A technique 1;1as developed for selectively staining atretic 

follicles. Faded or obscure atretic follicles were more easily 

identified when stained. Counts of ovulated atretic follicles 

from stained material were si gni fi cantly more accurate than 

counts from unstained material. 

The accuracy of the technique 1'/as sufficiently dcr.1onstrated 

to justify its use for the prediction of n'l!an egg production. 

Vari abi 1 i ty bet\'Jeen counts of different i nves ti ~a tors 1;ias not 

si gni fi cant. 

.; 



ACKNOWLE DGrnENTS 

I would 1 i ke to express appreciation to my advisor 

Dr. Kieth E. Severson for his advice and counsel throuqhout 

the study and for his assistance in preparation of this thesis. 

I am grateful to Dr. Raymond L. Linder, Leader, South 

Dakota Cooperative Wildlife Research Unit,.who orioinally 

suggested the study, assisted with the data, and reviewed the 

manuscript; Assistant Leader Robert B. Dahlgren who, in addi­

tion to reviewing the manuscript, provided particularly helpful 

suqgestions and encouraqement throuqhout the study, and parti­

cipated in the collection of data; to Carl G. Trautman of 

the South Dakota Game and Fish and Parks Department. for the 

assistance given the author in learning the techniques used in 

the study and the suggestions he made concerning needed research. 

Also thanks are due Dr. Donald R. Prooulske, Head, Department of 

Wildlife and Fisheries Sciences for assistance provided during 

the study and for his critical revie\•/ of this thesis. 

I would particularly like to thank Dr. W. Lee Tucker, 

Aqri cultural Experiment Sta ti on Sta tis ti ci an, who pa ti entl.v 

helped with the statistical analysis of the data. 

I \-Jould also like to express my aopreciation to fellm·1 

graduate students Joseph E. Hall and Ronald E. Thill who 

participated in the collection of data. To Miss ~elle A. Hartwig 

of the Entomoloqy Zooloqy Department and Dr. r.erald S. Harshfield 



of the Veterinary Science Department for their help in developing 

a staiDing procedure. 

Last, I want especially to thank my wife and parents for 

their encouragement and support throughout the study. 



TJ\13LE OF COi!TEt:TS 

llffROOUCTID:'J 

METHODS AHO M/\TERif;LS 

Collection and Dissection of Ovaries 

Analysis of f,tretic Follicle Counts 

Color Reaction and Staining 

RESULTS AUD OISCUSSIOii 

Questionable Follicles . 

Effects of Freezi nri 

Color Reactions 

Staining Techniques 

Variation Bet•.-Jeen Inves ti qators 

Prediction of Egg Production 

SU!f..1AP.Y AilD COl!CLUSIO i ~S 

LITERATURE CITED 

APPEiWI X . . . . 

Page 

l 

4 

4 

8 

9 

12 

12 

23 

23 

24 

33 

33 

38 

40 

41 



Table 

1 

LIST OF TABLES 

Deviation of follicle counts from the 

known 1 ayi ng record of hens ha vi nq four 

Page 

different regression periods . . . 20 

2 Analysis of variance and orthoqonal 

3 

4 

comparisons of follicle counts from hens 

ha vi nq different regression periods ... 

Results of follicle counts before and 

after staining ......... . 

Results of follicle counts by five 

investiqators (data listed as differences 

from known eggs laid and includes ques-

21 

32 

tionable follicles) . . . 34 

5 Analysis of variance of counts by different 

i nves ti gators 35 



Fi 9ure 

2 

3 

4 

5 

6 

7 

LIST OF FIGURES 

Ovary from hen that did not lay (Scale 

di vi s i ans = 1 mn. ) . 

Ovary from hen that laid a number of eqgs 

Large unovulated follicle with atretic 

follicle attached near its base .... 

Comparison showinq the identical coloration 

of fat tissue (under pointer) and atretic 

follicle (center) . . . . 

Pigr.1ented unovulated atretic follicle on ovary 

Large follicle just after ovulation 

T1·10 f o 11 i cl es in an advanced s ta9e of reo,res-

si on; the characteristic wrinkled appearance and 

''dimple-like" indentation are conspicuous on the 

6 

6 

7 

13 

13 

16 

upper follicle . . . . 16 

8 A series of atrctic follicles shm1ing different 

stages of atresia. Follicles in the middle of 

this series are those most responsible for 

questionable follicles 

9 Stained atrctic follicles on ovarian tissue. 

(Mote that other ti ssuc v1as left 1·1ell 

des ta i nc d . ) . . . . . . . . 

18 

26 



Figure Page 

10 Relationship betHeen follicles cou:ited and 

eggs laid for unstained ovaries (confidence 

belts calculated for P>0.05) . . . . . . . 28 

11 Relationship beti.·1een follicles counted and 

eggs laid for stained ovaries (confidence 

beJts calculated for P>0.05) ..... 

12 Stained fat tissue (upper) and atretic 

follicles (lower) ......... . 

13 Extremely small and obscure follicles brought 

out by s tai ni ng 

14 Regression line for prediction of mean egg 

production from unstained material .... 

15 Regression line for prediction of mean egg 

production from stained material 

29 

31 

31 

36 

37 



I f'JTPODUCTI on 

The nature of wi 1 dl i fe manager-:ent makes it essential that 

the biologist base his understanding and recommendations on 

knov1l edge qai ned throu9!1 technology. Di re ct observation is often 

impossible and information must be qathered by us i nq techniques 

designed to rreasure natural occurrences. If the biologist is 

to correctly understand and evaluate nature his techniques 

must be sound. In order for a technique to be sound it must 

demonstrate validity by measurin9 what it is intended to 

nnasure and it must be reliable. 

A technique used to determine the number of eggs laid 

during the breedinq season is to count the atrctic follicles on 

the ovary. Meyer et al. (1947), Kabat et al. (1948), and Buss 

et al. (1951) introduced the technique of counting atretic 

follicles of pheasant ovaries to determine the number of eggs 

ovulated during the breedi n9 season. After ovulation, the fo 1-

1 i cul ar sheath that fon-nerly surrounded the yolk remains attached 

to the ovary (Van Ti enhoven 1959, Romanoff and Romanoff 1949). 

Since each atretic follicle represents an ovulated yolk, the 

number of eggs laid could in theory be determined by counting 

these follicles. 

Atretic follicles are those in the process of atrophy or 

resorption (Ro\'1an 1930) and inay be either ovulated or unovulated 

l~omanoff and Ror.1anoff 1949). l\tresia of ovulated follicles is 



cliaracteri zed by decrease in size 11nd an i ncrcase in the deriree 

of coloration by red pigments Uleyer et al. 1947, Kabat et al. 

1943, and Buss et al. 1951) .. l\fter ovulation the follicle is 

resorbcd at a rapid rate for several days u'nti l all that re­

mains is a s111all pi~m1ented remnant (;'.eyer et al. 1947). After 

2 

7 to 8 days reQression beco111es very slo\'1 and the sr.iall pi9rrented 

rernnu.nt may persist for several months. HO\'.' lon~ these rer:mants 

can still be recognizer! and correctly counted is unl~novm. 

Different degrees of piam2ntation of atretic follicles have 

been noted by various authors. J.leyer et al. (1947) described 

the111 as brO\·mish-oranqe \'Jhile Greb (1962) observed reddish to 

orange-ye 110\\1 rermants. These differences in pi rimentati on cause 

confusion as to what structures actually constitute an atretic 

follicle. It is not known whether the questiona!Jle follicles 

which result from this confusion shoul c.l be included in counts. 

It is also necessary to detemine \·ihether counts from indi­

vidual hens correlate to their kn01·m laying records. In earlier 

studies by Meyer et al. (1947), Kabu.t et al. (l94G), and Buss et 

al. (1951), a nuP1ber of hens \'/ere kept tooether in large cages 

makin9 individual conrarisons i1~1possible. l\lso, ground cover in 

the caqes did not pcrn1it the findin9 of all eo9s. 

In order to clarify some of these ideas objectives of tllis 

study 1·1erc desi9r.ed to: 

(1) Evaluate the ovulated follicle technique as a 1:12ans 

of dctcmininq C<J9 production by usinq hen phcasilnts with knmm 



1 ayi ng records .. 

(2) Detenr.ine the effects freezing of ovaries has on 

ovulated atretic follicle counts. 

(3) Cor.1pare counts of questionable but probable atretic 

follicles as \·Jell as obvious atretic follicles \'lith the knm·m 

egg-1 ayi nq record of hen pheasants. 

(4) Employ various staining techniques to detennine if 

ovulated atretic follicles can be more reliably recognized 

when stained. 

(5) Study regression of ovulated follicles to determine 

how long after egq layin~ ceases the technique of counting ovu­

lated atretic follicles is reliable. 

3 



HETHODS A:rn ll/\TERIALS 

Collection and Dissection of Ovaries 

Ovaries Here obtained from adult hen ri nq-necked 

pheasants, (Phasianus colchicus), used in a previous study 

at South Uakota State Uni ve rs i ty. The hens \·1ere kept in 

small individual cages and a daily layinq record vrns kept 

for each one. 

Hens \"ere sacrificed at the end of the experiment and 

their ovaries removed ir:1mediately and stored in FAA (5 parts 

4 

95% alcohol, 1/2 part glacial acetic acid, l part commercial 

formalin, and 3 1/2 parts \'rnter). It vrns necessary to leave the 

ovaries in FAA for at least 3 days to fix the tissue and harden 

it sufficiently for dissection. In order to study effects of 

freezing on atretic follicle counts, hens that died during the 

experiment \·/ere frozen until needed. Frozen hens were al 1 ov1ed 

to tliaw about 12 hours before ovaries \·1ere removed and pl aced 

in F /\A. 

Ovaries were removed from hens by makinci a transverse cut 

on the left ventral side extendinq from base of sternum to rib 

cage. !3y pushinq abdominal viscera to one side the ovary \'JaS 

located in its dorsal rnidline position on the ventral surface 

of the kidney. The ovary vias removed by cnrcf ul ly pul 1 i ng it 

away from underlyinq kidney tissur. 1·1ith a forceps. To avoid 

teari nq the ovary it l'Jas often necessary to reriove it Hi th part 

of the dorsal aorta, especially in cases \·Jliere the ovary uas small. 



Figure 1 sho~·:s a representative ovary from a non-layinq hen 

and Figure 2 an ovary from a hen that laid a number of e~gs. 

f\ 1 m·1 pm·1er ( 7x} dissecting scope was used for dissecting 

and exalili ni ng ovaries. A rnore powerful scope 1·1as found to 

restrict the field of viel't, makinq dissection very difficult. 

Before dissection ovari cs 1·1ere rinsed in a sr.ia 11 bOl'/l of 

water to remove the F1~A. After rerioving .the ovary from the 

rinse it was placed on the stage of the scope and flooded with 

v1ater. The ovary ~tas moistened several times during dissection 

to keep it from drying out. 

All extraneous material 1·1as removed by carefully picking 

5 

it al'iay with a pair of forceps. If the aorta \'/aS tightly adhered, 

it was left attached. Any larqe unovulated follicles 1·1ere then 

removed by plucking 1·ti th a pair of forceps. Care VJas taken to 

examine the base of these follicles near their point of attach-

1rent for any small atretic follicles (Fiq. 3). If no atretic 

follicles \'Jere present on larqe unovulated follicles, they v1ere 

discarded. 

After all large unovulated follicles v1ere removed, the ovary 

was ready for dissection. At re tic f o 11 i cl es \·Jere us ua 1 ly obscured 

by many s111all non-ovulated follicles makinri it necessary to 

dissect the ovary into s1~1aller pieces ancl examining these individ­

uully. This 1rns accomplished by carefully \'/Orl~ino anrl pulliw1 it 

apart with a pair of forceps. After cow1tinq each piece it was 

put aside in a 1·1at~r-fillec! dish to keep it separJte from the rest 



Figure 1. Ovary from hen that did not lay. 
(Scale divisions= lnm.} 

Figure 2. Ovary from hen that laid a number of eggs. 

6 



Figure 3. Large unovulated follicle with atrctic follicle 
attached near its base. 

7 



of the r:iaterial. After completinci the count this nateriul \·Jas 

stored in Ff.ft. and saved for future recount. 

Analysis of Atretic Follicle Counts 

Data obtained from follicle counts \·Jere compiled into t\-10 

groups for analysis; one includinq and the other excluding 

questionable material (data obtained from individual hens are 

listed in the Appendix). Hithin these b :o groups comparisons 

were made between laying records and follicfos counted using 

the paired "t" test (Steel and Torrie 19GO) .. 

Data including questionable follicles were further divided 

into frozen and unfrozen material. Comparison was then made 

bct1·1een these tuo components and the knrn·m e9gs laid for each 

group using the paired "t". 

Different sta~es of follicular reqression, and their 

effects on follicle counts v1ere studied by dividing the total 

sample into t\·:o groups; one having a short, the other a long 

regression period. Regression time was considered to be the 

period betv1een the last egg 1 aid, and the death of the hen. 

Tv1enty-four hens, \'Ji th a regression time 2 - 23 days, were 

selected as one re~ression grour, and 32 hens havinci regression 

times 54 - 138 days comprised another group. Comparisons 1·1cre 

made \·Ii thin each group us i nq the paired ''t". 

Four groups of uata obtuined from ovaries havin~ different 

rc~ression periods of 1 - 10 days, 15 - 60 days, 65 -100 days 



and 100 - 125 days were tested \'Jith a cor1pletely randomized 

design. Each group consisted of counts from 12 ovaries. 

Orthogonal comparisons \'/ere made behieen these 9roups to find 

any significant differences existing bet.·1een the111. 

In an atteript to determine variability existing bet;-.-1een 

investiqators, four people 1·1ere recruited to count ten selected 

ovaries. These investigators were shOl'm color photoqraphs of 

atretic follicles in various stages of regression and methods 

used in counti nq 1·1erc exp 1 ai ned to ther:i. Knm·m eqgs 1 aid were 

subtracted from follicle counts obtained for each ovary, and 

di fferenccs 1·1cre analyzed according to methods given by Steel 

and Torrie (1960) for analysis of variance for any number of 

groups 1'lith equal replication. 

Color Reactions and Stainino 

Both color reactions and stains v1ere tested in an attempt 

to develop a selective staininq technique for ovulated atrctic 

follicles. 

The color reaction techniques used included the Schultz 

n-cthod for detennininq cholesterol (Thompson and Hunt 1966) 

and the color change caused by tl1e reaction of carotenoid piq­

nents and related compounds 1·1ith stronq acids (r.osenheir1 and 

Drummond 1925, Thor.1pson and llunt l 9GG). The 1 atter procedure 

involved 1·iaslting the ovarian tissu~ in distilled 1·1ater to 

remove excess Ft\f1 anci blottins it dry on a paper tm·1cl. Then, 

9 
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1'lhi le observing the material through a binocular dissecting 

scope for any color change, a drop of concentrated acid was 

added (either concentrated sulphuric, hydrocl1oloric, or perchloric 

acid). 

Several fat stains that have an affinity for carotenoid 

pigments present in ovulated follicles 1'/ere also tested. Sudan 

Black B, Sudan I II, Sudan IV, and Oil Red. 0 were mixed 1<1i th 

propylene glycol as described by Thompson and Hunt (1%G). 

Unstained ·tissue \las dissected into sr.ialler pieces as 

described above, rinsed in water for 5 minutes, blotted dry on 

a paper tm1el, and placed in propylene glycol for 10 r.iinutes. 

The excess propylene glycol was drained onto a paper towel, and 

the tissue put in stain for one hour after which it was placed 

in destaining solution. 

Full strength solutions of ethyl alcohol, isopropyl alcohol, 

rrethyl alcohol, and acetone Here tried in an atteli1pt to find a 

solution that 1·1ould properly destain the ovarian tissue. In 

addition, acid ethyl alcohol and l : l solutions of acetone, ethyl 

alcohol, and isopropyl alcohol 1:1ith v:ater ~·1ere used. 

To establish optimum staining time, tissues were stained 

for periods of 5 1/2, 2, l, and 1/2 hours. These periods 1·1ere 

then evaluated by tile amount of time required to destain the 

tissue from each, and hm·1 well atrctic follicles were stained. 

Enough time had to be allrn·:cd for atrctic follicles to become 



adequately stained, yet not so lon0 that 0~1er ovarian tissue 

overs tai ned. 

After the technique for selectively staining ovulated 

atretic follicles 1·rns established, accuracy of this technique 

11 

\'laS tested by counting the atretic follicles of 23 unstained 

ovaries then stainin9 the ovaries l'Jith Oii Red 0. l·iaterial \~as 

destained in a l : l solution of isopropyl alcohol and \'tilter 

changed after 24 hours. A mi nimu111 of 48 hours was required to 

properly desta-i n ovaries and frequently more ti Fie than this was 

needed. !1aterial \'/as considered prorierly destained when non­

follicular ovarian tissue \·Jas left almost cor:1pletely unstained. 

Data obtained from counts before and after staining •:1ere compared 

vJith knovm eqgs laid using the paired "t". 



RESULTS ,\rm 01scussr0:·1 

Questionable Follicles 

This study indicated questionable follicles should be 

included in counts of atretic follicles. Comparison betv1een 

follicle counts, includinq questionable follicles, and eggs 

laid indicated no significant differences between counts 

(t = 1.890, P>O.OS). When tile number of eggs laid \'tere 

12 

compared to counts in \'~l1ich quc~stionable follicles had been 

excluded, a hiqhly significant difference 1·rns detected (t = 3.750, 

P.(.0.05). The questionable follicles 1·1ere needed in counts to 

fully account for eqqs laid. Observations indicated questionable 

follicles 1·1ere ovulated follicles in a particular stage of atresia. 

The possible oriqins of questionable follicles could be 

caused by poor technique, unovulated atretic follicles, ovulated 

atretic follicles or a cor:1bination thereof. 

A minimum number of questionable atretic follicles are 

present even in the most carefully dissected ovaries. Questionable 

follicles from this source .may or may not be of ovulated follicle 

origin. Fat tissue can be mistaken for atretic follicles if 

mu ti 1 ated in dissection because both arc i den ti cal ly co 1 ored 

(Fig. 4). Also, unovulated follicles can be mistaken for recently 

ovulated follicles if torn. Careless tccl1nif]ues resultinq in 

lar9c numbers of questionable atretic follicles of non-follicular 

origin can lead to a siqnificant ar10unt of error in the counts. 



Figure 4. Comparison showing the identical coloration of 
fat tissue (under pointer) and atretic follicle 
(center). 

LH l~tt:t ~l 111111111 
• ... - <" . - . . 

Fi~1urc 5. P·i~mentccl unovulclted atretic follicle on ovary. 
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It is not known to l\lhat degree at res i a of unovul ated 

follicles takes place in pheasant ovaries or if these 

occurrences contribute significantly to questionable follicles. 

Meyer et al. (1947) believed that only a sn1all percentage of 

follicles counted could be attributed to this source. Rrn'lan 

{1930) suggested, hoviever, that atresia of unovulated 

follicles may be fTlore common than suspected, but not readily 

observable. Pheasants are indeterminate layers and egg 

development is continuous until the clutch has been completed 

and laying stops. Developinq follicles that have not been 

ovulated remain on the ovary at the cessation of laying. 

Large quantities of yolk must be resorbed frori these ova indi­

cating that sorr.e fonn of at res i a must occur even though ovul a­

ti on has not taken place. Atresia of these large unovulated 

follicles has been described in the South A11~rican cov1bird by 

Davis (1942). Instances of this type of atresia 1·1ere also 

observed in this study (Fiq. 5). 

Atresia of unovulated follicles exists but may not cause 

questionu.ble follicles that c9uld introduce error into counts. 

Davis (1942) noted unovulated atrctic follicles of the South 

i\rnerican crn·1bird bore close rescn1blance in later stages to 

ovulated ones~ hm·iever, they could be separated for sorie time 

after ovuli:ition. Kabat et al. (1948) stnted that 1·Jith fev1 

exceptions unovulated atretic follicles did not silmi piqr.icn­

tation characteristic of post ovulatory follicles. In this 

14 



case the later stages of unovulated atretic follicles would 

al so be expected to be unpi ~w1ented, and confusion l'Ji th 

ovulated atretic follicles would be avoided. Unovulated 

follicles in the first stages of atresia, that Here examined 

in this study, were 1·1ell piqmented (Fig. S). Later stages of 

these follicles v1ill also probably be pigmented, in v1hich case 

they are likely to be confused v1ith post-ovulatory follicles. 

When l'lild birds have renested and laid several clutches, the 

15 

number of follicles that may have gone through atresia at the 

cessation of each laying period could be large enough to inject 

serious error into counts. Further 1·1ork is needed to deternine 

the extent of error follicles of this type produce. 

Ovulated atretic follicles pass through three distinct 

stages of atresia as described below. Durin~ one of these stages 

atretic follicles are particularly hard to identify. As a result 

of this, they become the largest knovm source of questionable 

follicles. 

For approxiriately one 1"1eel~ after ovulation, follicles are 

large (up to 30 mr:i. in leriqth), have distinguishing features 

and are easily counted. They resemble the hul 1 of a grape from 

v1hich the pulp has been squ2czed. After fixing they are ;·1hitc 

in color, leathery in texture, and the sti<Jr. ~a alonq v1hich ovula-

tion occurs has a s1;10oth margin, never huvinri a torn appcurancc 

lfig. G). 

-~ 
I 



Figure 6. 

F·i gure 7. 

Large follicle just after ovulation. 

T\'to follicles in an advanced staqe of reciression; 
the characteristic v1rinkled appearance and "dirnrle­
like11 indentation are very conspicuous on the upper 
follicle. 

16 



r~s regression proceeds into the final or third s ta9e, the 

follicle becorr:es sr.1aller. 1\prroximately G 1·1ceks after ovula-

tion, follicles arc reduced in size to l 3 nm . in diameter 

17 

(Fi9s. 7 and 8). Although follicles are very small at this 

stage, they can be easily counted because of their dis ti ncti ve 

shape and co 1 or. They are red to reddish-orange or brm·m, and 

have an unnristakable wrinkled appcarRnce. Older follicles of 

this group. take on a circular shape and have a dimple-like inden­

tation at their center (Fiq. 7). This indentation is believed to 

be the rer:1ains of the opening through 1·1hich the ovum passed. 

Follicles from the second staqc of re(lression fall betv1een 

the t\-10 stages described above and are di ffi cult to ; denti fy. 

Atrophy has advanced far cnouqh to obscure ~any features present 

in the first stage of reciression and they are much smaller. They 

are not as small as follicles in the last or third stu~e of 

regression, but are not as l'lell piqmented makinq ther. harder to 

distinguish (Fig. 8). These follicles are also r.iore flimsy than 

those from the other tvlO stages of regression, r.iaking then more 

susceptible to damaqe. Counts obtained from ovaries having a 

large proportion of follicles from this stage could be expected 

to have more variation than counts of ovaries havinc: follicles 

muinly fror.1 the third staric. 

Analysis of data to detennine vihat effects the different 

stages of reqression have on follicle counts sunports this 

hypothesis. Counts fro111 ovaries liavirir1 u lon(l rc0rcssion time 



Figure 8. A series of atretic follicles shovling the different stages of atresia. 
Follicles in the middle of this series are those most responsible for 
questionable follicles. 

c:> 



1·1ere not significantly different from the kno·.-m layinC] 

record, (t = 0.356, P>O.OS), but for counts from ovaries 

v1ith short rearession periods, a siqnificant difference 1·1as 

de te etc d ( t = 2. 7 32, P ~ 0. 05) . 

Concern for the amount of variance contri huted by 
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follicles in the second stage of regression •:1as the reason for 

considering the time between the last ecig and death as the 

regression period. Tile hypothesis 1.'las that these atretic 

follicles contributed more variance to counts than the third­

stage follicles. By considering regression tir;e as the period 

between the last egg until death, hens could be divided into 

groups according to the number of critical second-stage follicles 

on their ovaries. It is apparent that hens layinq until the time 

of death vmuld have more second-stage follicles than hens that 

have ceased laying some time before their d~ath. If the hypothe­

sis is true, counts from ovaries having fe1·1er second-stage fol­

licles should be significantly more reliable than those having 

shorter regression periods. 

Results of follicle counts expressed as deviations from the 

layin~ record for four groups of ovaries havin~ different regres­

sion periods are shovm in Table 1. The value for F indicates 

there 1·1u.s not a siqnificant difference L>etv.•ec!n the counts at the 

0. 1 0 1eve1 (Tab 1 e 2) . 

The difference behu~en follicles count~d and e<iris laid 

for each hen \'1as used, rather than the rav1 data, for computi n<J F. 



Table I. IJeviation of Follicle Counts from the Knmm Layinri 
Record of Hens Havinq Four Different Regression 
Periods. 
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Group l Group 2 Group 3 Group 4 
0-10* 15-60 65-100 100-125 

46 -13 7 14 

20 -2 -8 -18 

-2 7 -4 

2 -7 0 -6 

3 5 -2 24 

50 21 -2 -17 

49 2 4 5 

3 24 -2 41 

25 16 -2 -14 

2 l 11 -1 

-16 -15 7 

0 2 17 -7 

--
x = 12.083 3.33 . 33 2. 41 

* Days bet\·1een laying of last e~rn and death of hen. 



Table 2. Analysis of Variance and Orthogonal Comparisons 
of Follicle Counts from Hens Havi nri Different 
Reqression Periods. ---- ·---

Source of d.f. Sum of I lean 
Variation Squares Squares 

Between reriressi on 
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F 

peri ads 3 9G6. 75 322. 22 1 , 165 N. S. 

Error 44 12,165.17 276.48 

Total 47 13,131.92 

Com~ari sons S.S. F 

l vs2, 3 ,4 910 .028 910 .028 = 3.291* 
·276:48 

3vs2 ,4 51.G81 51.681 = :~. s. 
276.48 

2vs4 5.042 5.042 = N.S. 
276~ 

* Significant for l and 44 d.f. at 0.10 level. 



This was necessary because of the 1 arge variation in tile 

number of eggs laid. Any siqnificant F value calculated from 

the rm'I data could have been interpreted as a significant dif­

ference bet\'Jeen the nur.iber of eggs laid by different hens. A 

significant F calculated from deviations of follicles counted 

from knOl'ln eggs laid would, however, be an expression of the 

variation existing between counts made from different groups. 

Results of the orthogona 1 comparisons shov1 that only 
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group 1 wcs significantly different from the rest. Group 3 1·1as 

not significantly different from groups 2 and 4, nor group 2 

from group 4 (Table 2). Because the counts from group 1 

deviate the nrJst from the egg laying record; {12.083 follicles 

per count on the average), the counts from the other groups 

are significantly more reliable than those of group 1. Since 

group 1 has the shortest regression period, it will have the most 

follicles in the second stage of regression. This offers sta­

tistical evidence that follicles in the second stage of regres-

sion contribute a significant amount of variation to the counts. 

Group 2 will have only a fe1'/ follicles remaining in the second 

stage and the last two groups \'lill consist entirely of follicles 

in the third stage of regression. The increase in deviation of 

follicles from the laying record of group 4 over 9roup 3 (from 

.333 to 2.41) may be due to the final resorption or fading of the 

old third-stage follicles. Buss et al. (1951) noted follicles 



from hens that laid durinri rcriular breedinCJ season 1·1cre 

beyond recognition by February. 

Only data including questionable follicles were used 

in making comparison betv1een frozen and unfrozen material. 

Follicles counted and eqgs laid were coMpared for unfrozen 

ovaries, and no significant difference was found (t = 1 .217, 

P>0.05). The same comparison made for frozen ovaries also 

indicated no significant difference (t = 1.651, P>0.05). 
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It is apparent that freezing of ovaries does not adversely 

affect atretic follicle counts. The correlation coefficient 

obtained betv1een eggs laid and fo 11 i cl es counted for frozen 

material was 0.8869 as opposed to 0.7587 for unfrozen material. 

Color Reactions 

Attempts to utilize strong acids in producing color 

change reactions with the carotenoi d pi qment and related com­

pounds present in ovulated atretic follicles WP.re unsuccessful. 

The Schultz rrethod for determininq cholesterol did rroduce a 

blue-green color reaction in atretic follicles, but the acid 

solution used in this technique \'JaS too harsh and caused de­

terioration of ovarian tissue. \foshinri the acids off after 

shorter periods of exposure ';las atter.intcd, but the color faded 

after ri nsi nri. 



Perchloric acid produced a coloi· reaction similar to that 

described above in some atretic follicles, hm,1ever, others 

remained the same color as before. Also, the reaction \'laS 

obse~ved in several follicles that were believed to be 

unovulated. 

Concentrated sulphuric acid was found too harsh and 

damaging to the ovarian tissue to be of use. Diluted con­

centrations of this acid did not produce color reactions. 

Hydro ch 1 ori c acid 1·1as al so used but it did not react. 

Staininq Techniques 

In initial experiments, attempts to properly destain 

tissue that had been stained l'lith Sudan Black B \·1erc unsuc­

cessful. Ortly a small amount of this stain was available and 

a s ui tab 1 e des tai ni ng aqent had not yet been found so it was 
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not tested extensively. When it was found that other stains 

would produce suitable results, \·1ork on Sudan Black B \·ias aban­

doned. This stain may be capable of suitable results and further 

1·1ork is needed. 

Sudan I II, Sudan IV, and Oi 1 Reel 0 \·/ere found to se 1 ecti ve ly 

stain ovulated atretic follicles. This was first noticed after 

tissue bulk stained by these substances were placed in FAA for 

s toraqe. Lea vi nq the tissue in the F fl.A for several days thoroughly 

destaincd non-follicular ovu.rian tissue, leavin<i it 1·1ith a slight 

pinki~h cast but approximately the same color as before stainin<J. 



However, the stain \'/as not removed from the atretic follicles 

(Fig. 9). 

Need for a better dcstaininq agent was soon apparent 

as FAA was found too slow and inefficient. Concentrated 

solutions of acetone, isopropyl alcohol, and ethyl alcohol 
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were not usable as destainin9 aqents. Acetone completely 

destained all tissue including atretic follicles. Isopropyl 

alcohol left atretic follicles only slightly darker than other 

tissue. Tissue left in pure ethyl or nethyl alcohol for one 

week failed to dcstain. Acid ethyl alcohol also did not destain 

tissue. A solution of acetone and an equal part of \'later 

destained the tissue too much. A 1 : 1 solution of isopropyl 

alcohol and water was useful in producing the desired destaining 

effects. Atretic follicles were stained while non-follicular 

tissue \'tas thoroughly destained. Time required for destaining 

varied depending on-the individual ovary and the de~ree to 1·1hich 

it 1·ias stained. A mininum of 4g hours v1as usually required to 

properly des tai n material, but some ovaries took up to tv1i ce 

this long. 

The optimum time period for staining tissue was found to 

be one hour. rlaterial stained for lonrier periods eventually 

destained, but took much lonqer to do so. Also, additional 

contact \'Ii th stain did not result in a deli ti ona 1 hcncfi t in 

staining of atretic follicles. 



. . 
ia1' 

Fiaure 9. Stained atretic follicles on ovarian tissue. 
(note that other tissue vias left \·1ell des tai ned.) 
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Oil Rec.J 0 1·1as used to stain follicles for detennining 

reliability of techniquP.. Comrarison of sample mans obtained 

from follicle counts of 23 ovaries, before and after staininq - ' 
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was hiqhly siqnificant at the 0.05 level (t = 3.111). Counts made 

from stained material are more reliable than those !T'.ade from 

unstained material. For example, counts made from unstained 

material deviate, on the average, 6.130 follicles each fro111 

the lrno\'m laying record, while eacl1 count from stained ovaries 

varied only -0.261, on the average, from the known eqgs laid 

(Table 3). Since follicles counted were subtracted from eggs 

laid, a positive deviation 1·1ould indicate fev,1er follicles 1·1ere 

counted than eqqs laid. Therefore, follicles counted for each 

ovary of unstained material were, on the average, a little over 

six follicles less than needed to account for the e~qs laid. 

The greater variations bctHecn knm'lns and observed counts 

made from unstained and stained material are illustrated in 

Fiqures 10 and 11, respectively. F·or stained material, points of 

the scatter diaqram cluster about the reqression line r.:ore than 

they do for unstained r,iaterial. More narro1:J confidence limits 

placed around the regression line of the stained material is 

evi clence of improved accuracy 1·1i th this technique. 

The staining technique d2vcloped in this study areatly 

helped in identifying ovulated atrctic follicles, but inter-

pretation of the r:iaterial Has sti 11 required to the same 

de9ree as for uns tai ncd material. It is recor.mK!THled that 
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before counts are attempted from stained materi a 1 that an 

investigator become thorou~hly acquainted with the technique 

of counting atretic follicles from unstained ovaries. For 

example, fat tissue is stained just as readily as are atretic 

follicles (Figure 12) and often bits of yolk or other debris 

are also stained. Identification of these non-follicular 

artifacts in an unstained condition is essential before the 

i nves ti aator can expect to identify them after they have been 

stained. 
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The main contribution of staining was the ability to bring 

out features of atretic follicles, too obscure in an unstained 

condition to be detected. Due to this many of the questionable 

follicles were eliminated from the counts. Questionable follicles 

were reduced from 75 in unstained material to 44 in stained 

material (Table 3). In some ovaries, follicles that had been 

invisible, were easily discernible after being stained. An 

example was the ovary from hen number 160 Hhich laid 25 

eggs and yet only eight atretic follicles could be found on the 

ovary before stainin9. After staining, 25 atretic follicles 

were counted. Figure 13 sho\'1s several follicles from this 

ovary after being stained. 



.~. -· .--
'.~ ----1 ft . .. 

) ·~ 
\;; 
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Figure 12. Stained fat tissue (upper) and atretic 
follicles (lower). 

-

Fi<iure 13. Extremely sMall and o]scure follicles brouqht 
out by stain~ na. 
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Table 3. Results of Follicle Counts Before and After Staining. 

Hen Known Unstained Sta;ned 
No. Eggs Follicles Deviation Follicles Deviation X1 - x2 laid Counted From Known (X1) Counted From Known ( X2) 

100 42 21 + 7? 1 14 34 + 2? 6 8 
101 0 0 + 0 0 0 + 0 0 0 
105 35 30 + 4 1 32 + 0 3 -2 
106 57 8 + 3 46 42 + 6 9 37 
107 79 56 + 9 14 73 + 4 2 12 
113 4 14 + 3 -13 14 + 3 -13 0 
114 56 25 + 7 24 47 + 3 6 18 
117 26 18 + 1 7 26 + 0 0 7 
132 20 22 + 5 -5 26 + 0 -6 l 
137 0 4 + 1 -5 3 + 1 -4 -1 
140 10 14 + 3 -7 11 + 1 -2 -5 
150 113 99 + 11 3 101 + 9 3 0 
160 25 4 + 4 17 23 + 2 0 17 
170 56 39 + 1 16 50 + 4 2 14 
588 13 8 + 4 1 13 + 1 -1 2 
591 0 0 + 2 -2 1 + 1 -2 0 
628 12 0 + 4 8 11 + 1 0 8 
629 24 1 + l 22 20 + 3 l 21 
630 9 7 + 2 0 9 + 1 -1 1 
631 9 0 + 0 9 8 + 1 0 9 
633 1 10 + 2 -11 9 + 0 -8 -3 
636 3 0 + 1 2 3 + 1 -1 3 
637 0 0 + 0 0 0 + 0 0 0 

Total 594 380 + 75? 141 556 + 44? -6 147 
~ 25.826 19.782 6 .130 26.087 -.261 6. 391 

w 

1. ? -- denotes questionable follicles 
N 
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Variv.tion Beh1een Investiqators ------

Follicle counts including questionable follicles made by 

. five different investigators are presented in Table 4. Statistical 

calculations 1'/ere made from deviations of follicles from kn01·m 

1 ayi ng record for reasons discussed earlier. 

No significant differences 1\lere found in analysis of variance 

(Table 5) of counts made by different investigators (P>0.05). 

The limited scope of this experirient restricts the assump-

ti ons that may be made concerning the variation bet\·1een counts 

of different investigators. The inference that no significant 

difference exists between counts of individual investigators 

cannot be made for techniques other than the one described in 

this oaper. 

Prediction of Eoq_ Production 

Figures 14 and 15 are the regression lines for prediction of 

mean egg production from follicle counts of both unstained and 

stained material, respectively. It is hoped that these can be used 

by other investigators for calculating the eqg production for the 

preceding breedin~ season. Hov1ever, it should be kept in mind 

that there might be racial or <ieoqraphic differences in regres-

sion times. 



Table 4. Results of Follicle Counts by Five Investigators 
(Data Listed as Differences from Knm-m E9gs 
Laid and Includes Questionable Follicles). 

Known 
Hen No. Eggs Laid Inves ti aator 

• ' 

#1 #2 #3 #4 #5 

102 3 12 12 25 21 20 

107 79 -17 -22 -20 11 -14 

111 43 -5 -8 -5 26 10 

112 35 -29 -11 -12 8 

115 72 ~28 -12 -9 -9 6 

123 16 -11 -6 0 -2 5 

126 26 -6 -1 -7 10 4 

151 51 9 21 40 31 25 

164 32 -16 -13 1 -5 B 

165 18 1 0 3 -6 6 
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Table 5. Analysis of Variance of Counts by Different 
Investigators. 

Source of d. f. Sum of Mean 
Variation Squares Squares 

Treatment 4 2 ,049. 72 512.43 

Error 45 9 ,039 .00 200.87 

Total 49 11 ,088.72 
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F 

2.55 N.S. 



120 

110 

100 

90 

Q 80 
-
-q: 70 
_J 

60 
Cl) 
(.!) 50 l!> 
lJJ 

'IO 

30 

2.0 

10 

I 0 20 SO 'IO 50 60 70 80 90 JOO 110 120 

FOLLICLES COUNTED 
Figure 14. Regression line for prediction of rrean egg production from unstained 

material. 
w 
en 



120 

110 

100 

90 

a 80 -
< 70 _J 

60 
(/) 

l!) 50 
(.!) 
1'J 

40 

30 

20 

10 

10 20 30 JfO 50 60 70 80 90 100 110 120 

f"O L.L.I CL ES COUNTED 

Figure 15. Regression line for prediction of rrean eqg production from stained material. 
w 

" 



From statistical evidence presented above, and from 

observations made on the material used in this study it was 

found that questionable follicles should be considered true 

ovulated atretic follicles and be included in counts. i·1ost 

questionable follicles \·/ere believed to originate from 

ovulated follicles that were more difficult to i den ti fy because 

of their particular stage of reqression. Follicle counts from 

hens having more atretic follicles from this stage of regrcs-
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si on differed significantly fror11 counts of hens ha vi no, fewer or 

no follicles from this sta0e of re~ression. A certain number of 

questionable follicles also resulted from dissection, but this 

number Hill not be significant if proper techniques are used. 

The extent of questionable follicles contributed by unovulated 

atretic follicles v1as not determined. 

It \·muld seem that an optimum re9ression period docs exist 

from which the r:.ost accurate counts of atretic follicles can be 

made. Ovaries should be collected for counts at a time vihen it 

can be reasonably ccrtai n that second-s tac:c foll i cl cs have been 

eliminated from the ovaries, and before the tin1e 1:1hen the atretic 

follicles have been resorbed beyond rccoqnition. The evidence 

from tile data of this study indicates that collection of vlild 

hens for the purpose of makinq atretic follicle counts should be 

no earlier than S v1eeks nor later than 14 1-Jeeks after rieneral 

cessation of 1'1yini:i at the end of the brecdinri season. 



Freezing of ovaries vlill not affect subsequent follicle 

counts. 

Attempts to utilize strong acids in color-chan'le reactions 

with the carotenoid pig~nts of atretic follicles v1ere not 

successful, but a selective staininf! technique \'las developed 

using Oil Red 0, Sudan III and IV mixed with propylene glycol. 

These stained faded or obscure follicles so they were easily 

counted, and eliminated many questionable follicles from the 

counts. Counts made from stained material \'lere found to be 

si gni fi cantly more accurate than counts from unstai ncd material 

when compared with knrn·m records of each hen. 
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It is believed accuracy of follicle counting is sufficient 

to j us ti fy its use for pre diction of mean egg production. Lack 

of significant variability bet\'ieen follicle counts of investi­

gators compared in this study indicates that similar results 

would be obtained by others if the techniques described here 

\'/ere used. 
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Appendix. Results of Follicie Counts From Unstained, 
Frozen and Unfrozen Ovaries Plus Counts 
Obtained After Staining. 

Known Eggs 
Hen No; laid Follicles Counted 

Unstained Stained 
+? -? +? -? 

100 f* 42 28 21 36 34 
101 f 0 0 0 0 0 
102 3 21 17 
105 35 34 30 32 32 
106 f 57 11 8 48 42 
107 f 79 65 56 77 73 
110 f 42 22 18 
111 44 53 49 
112 36 42 37 
113 f 4 17 14 17 14 
114 f 56 32 25 50 47 
115 73 75 n6 
116 91 89 83 
117 f 26 19 18 26 26 
119 41 49 46 
121 f 20 28 24 
122 f 7 9 7 
123 f 17 21 17 
126 f 29 29 24 
127 f 5 20 n 
128 6 23 18 
129 22 17 12 
130 f 3 5 4 
131 f 51 44 36 
132 f 20 27 22 26 26 
133 24 19 15 
134 75 34 28 
136 0 0 0 
137 f 0 5 4 4 3 
140 f 10 17 14 12 11 
141 62 41 33 
142 18 15 10 
143 73 23 18 
144 16 30 28 
145 94 46 38 
146 51 2 1 
147 4 13 9 
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A2pendix (Cont'd.). 

Known Eggs 
Hen No. Laid Follicles Counted 

Unstained Stained 
+?' -? +? -? 

148 21 22 20 
150 f 113 110 99 110 101 
151 52 77 68 
152 f 24 26 21 
153 48 46 40 
154 f 21 17 15 
155 f 2 4 3 
156 9 8 7 
157 f 4 6 5 
160 f 25 8 4 25 23 
161 1 0 0 
162 24 17 13 
163 38 14 10 
164 32 39 32 
165 18 21 19 
166 0 14• 11 
167 l 0 0 
170 f 56 40 39 54 50 
171 f 0 0 0 
172 f 5 4 3 
173 0 0 0 
174 17 33 23 
175 10 11 10 
176 0 2 0 
177 f 36 30 23 
588 13 12 8 14 13 
591 0 2 0 2 1 
628 12 4 0 12 11 
629 24 2 l 23 20 
630 9 9 7 10 9 
631 9 0 0 9 8 
633 l 12 10 9 9 
636 3 l 0 4 3 
637 0 0 0 0 0 

*f = Frozen 
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