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iyry six multiparous non-suckled Bouscal and Giza White

robbits were made available from the breeding stock of Faculty
of Agriculture, Cairo University, Animals were divided into eight
groups, 12 does cach (6 does from cach breed). The year was
arbitrary divided into the four usual scasons. At the middle of
each season, two groups were used, rabbits occurred in the first
group were killed 3 days post coitum to provide information on
ovulation, recovery and fertilization rates. Females of the second
group were laparotomized 12 days post coifim and data on
implantation sites and embryo survival were collected. Reproductive
organs of does in all treatment groups werc subjected to some
morphological and histological studies. Data obtained revealed no
marked differences between Bouscat and Giza White rabbits with
tespect to all traits investigated. Season, howaver, was shown to
affect ovulation raie, number of implatation sites/doe, number of
viable embryos/doe, percentage of corpora lutea associated with
the formation of detestable implantation sites or viable embryos,
ovarian weight and thickness of myometrium. FEstimates for these
parameters were obviously high during winter and spring and were
markedly low during summer. Autumn was the transitional season
between summer and  winter. Season appeared, howcver, without
obvious effect on fertilization rate  but it did influence the diameter
of bilastocyst inchuding the mucous coat. Present findings did not
show with certainty the environmental factor (s) responsible for the
drastic dedline of the reporoductive potentialities of the doe during
summer, eventhough some cvidences were available on possible
involvement of ambient temperature.

Domestic rabbits (Oryetolagus cunicilus) of the temperate areas of the world
are known to be continucus breeders (Bullough, 1961), nevertheless, they
manifest soasonal variation in fecundily (Hammond and Marshall, 1925;
Lush, 1925; Manresa, 1933 and Sittmann ef of., 1964). Evidence is rathar
strong indicating that late summer and fall were associated with low tepro=
ductive activity. During these periods of the year mating and conception
are less frequent (Hammond, 1965 and Matassino ef af.,1970), posteoital ovu-
lation failure is high (Farrel ez al., 1968), ovulation rate is low (Hahn and
Guabler, 1971) and fertility of the dee is described fo be obviously poor
4Cupps, 1956).
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Breeding of the domestic rabbit in this country is confined to the period
from September to April. Eventhough, frequeney of kindling is markedly
high during winter months (Ragab and Wanis, 1963). Moreover, average
litter size is shown, to be influenced by the menth of the breeding season (Bl
Khishin ef al; 1951 and Ragab and Wanis, 1963). Summer breeding is not
generally practised. Reasons for thatare commonly attributed to the environ--
mental conditions of the scason. No work has been done, hewever, to study
the reproductive poteatialities of the doe during summer. The involvement
of the three femaining seasons in Teproductive processes co ntrolling the fer--
tility of the female is totally unclear., Accordingly, the presc nt werk was per-
formed to study seasonal variations in ovulation rate, fertilization rate and
embryo survival in two breeds of domestic rabbits domi nantly raised in this.
country; Bouscat and Giza White.

Material and Methods

This work was carried out at the Po ultry Experimental Centre and A nimal
Physiology Laboratory, both of Faculty of Agriculture, Cairo University..
Rabbits used in the trials were raised specifically for this purpose., During
the breeding season suggested by raisers (September to April) females were
allowed to complete to term two or more pre -eXperimental pre gnancies.
Does proved to be sterile or infertile were excluded. A total of 96 non-sucklj ng
does wasused, and were divided accordingto breedinto two major eXperime ntal
groupsof 48 rabbitseach. The first group was composed of Bouscatfemaies.
while the second include d Giza White does. Mating was done usi ng bucks
with good fertility records. At the commencement of trials, live be dy weight
for the Bouscat doc ranged between2.3and 2.6 kg andfor Giza W hite the
range was between 2.3 and 3.0 kg. During the course of the cXperiment,
females were kept separately in wood and w ire hutcheslocated ina semi-open
wooden barn. The general managementof experimental animals were exactly
the same as that for the breeding stock.

Rabbits were fed three times daily. Concentrates were introduced at
the morning and evening meals. The co ncentrated ration consisted of 25%
barley, 259 yellow corn, 50% wheat bran, vitamins A+ D, (30 g 100 kg
and sodium chloride (14 kg/100 kg). The berscem (Trifolium alexandrinum).
was offered at mid-day meal. Durin £ summer, green young corn-stalks or
clover hay replaced berseem. The eXperiment was conducted i n four stages
equally spaced to Tepresent the four seasons of the year as follows: winter,
January and February; spring, April and May; summer, July and August;
autumn, October and November. Twenty four does, -12 Bouscat and 12
Giza White, were used in each stage divided into two equal sub-groups, each
composed of 6 Bouscat and 6 Giza White does. Females occurredin the first
group were used for the datermination of ovulation, recovery and fertilization
rates, Animals of the second group were assigned for the estimation of im--
plantation apnd embryo survival rates.
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Rabbits of the first sub-group were autopsied 3 days post coitum. Day
of mating was designated zero day. Their reproductive organs were exposed
vie a mid-ventral cut. Recentovulated follicles were located and counted,
Ovaries were removed and weighed, corpora lutea were cut apart and weighed
separately,  Oviducts were dissected free and flushed with 5 ml freshly
prepared physiological saline. Ova were recovered and examined microscopi-
cally according to proczdures described by Hafez (1961). Diametre of eggs
to the outer limit of the zona pellucida as well as their diameter including
the mucous coat were measured with an occular micromsire. For the
purpose ol the present study, one cell cggs were considsred unfertilized.

Famales of the sacond sub-group were anesthesied 12 days post coitiin,-
day of mating was dzsignated z:ro day. Anesthesiawas induced by injecting
25 mg sodium pentobarabital (Nembutal)/kg in the marginal car vein and was
matatained, if needed, withether. Thenfore, animals were laparotomizzd and
their reproductive organs were eXterioriz:d. The swellings in the horn were
cut open and chorionic vesicles if present, were transfered into a petri dish
containing normal saline, carefully opened and embryos were released. Viable
embryos were those showing spontangous or induc=d hsart beatings or those
without any d:tectable symptoms of disintegration, e.g., their tone, colour,
proportion of the head and limbs in relation to the body and crown rump
length were the same as for their counterparts with functioning hearts.
Embryos otherwise were considered dead. Swellings with partial or complete
disintegrated embryonic membranes revealed ftypical cases of embryonic
mortality. Ovarian weights, numbzr of corpora lutea, implantations and
viable embryos were recorded.

Picces from the middle partof uterine hornwere removed from allexperi-
mental animals. fixed in Bouin's solution and prepared for sectioning, staining
and examination. Climatic data on ambient temperature and day-light were
obtainced from oae of the stations bzlonging to the Egyptian Meteorological
Administration. This station is about half amile far from the research centre
where trails have been conducted. Statistical analysis of the datawas carried
out according to Snedecor and Cochran (1967).

Results ana Discussion

Ovulation rate

Data on ovulation rate, estimated on the basis of postocital counts of
corpora lutea, appear in Table 1. Three days after copulation. ovulation rate
in Bouscat and Giza White rabbitswas 8.1 and 7.3, respectively. Difference
batween means was statistically not significant. Rates for the two re spective
breeds v hen CL countswere done 12 days post ceitum were 8.1 and 8.7 (Table
1). Once again breed effcct on ovulation rate lacked statistical significance.
Ovulation rate estimated 3 days post coitum  (1.7) was sigaificantly lower
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(P<.05) than that determined 12 days after mating (8.4). Apparently, ef-
ficiency of CL counting at the two differe ut poscoital intervals is responsible
for such existing difference. Ttis understood that counting corpora lutea in
rabbits slaughtercd3 days pesteoituin is muchmore difficult thanwhen counts
are done on laparotomize d subjects with well d. veleped corpora lutea.  Ovy-
lation rates in Bouscat and Giza White rabbits are markedly lower than eg-
timates known for Chinchilla (Hafez and Rajakoski, 1964) and New Zealand
White rabbiws (Hafez, 1964 and Kodituwakku and Hafez, 1969), however,
higher than rates mentioned for Dutch-Belted (Maurer ez af; 1968 and Kodi-
tuwakku and Hafez, 1869} and Polish does (Adams, 1970). It should be
wmentioned that in most studies cited carlier, ovulation was induced either by
coitus associated with gonadotropin injection (15 to 30 i.u. HCGidoe) or by
gonadotropin administration alone (2.5 mg PLH/doz).

TABLE 1. Seasonal variation in ovulation rate in Bouscat (B) and Giza White (G) rabbits.

( Gvulation rates()
| |
Seasor estimated 3 days p.e. | estimated 12 days p.c.
|
,_ '_l._ S _—'_l T ey I'_ P
B | ¢ |wBie : B ‘ G | BtG
- —— |_ | .II_
Winter . ., . , . . 10.8(%) 8. 8(%) | 9.8 ‘ 9.3(%) 9.3(%) 9.3
Spring . . . .. . 8.3 9.7 | 9.0 | 8.5 12.0 10.2
Summer . . . . . . 7.3 6.2 6.7 | 7.5 7.8 7.7
Autumn . . . . . | / 5.8 4.5 52 | 70 o 6.
| I
— T S | ] . | |
Allseasons . , . . 3.1 7.3 dad | 8.1 8.7 5.4

T Assessed by counting number of corpora lutea/doe.
2. Mean of each season was caloulated from six rabbits. D.C. = post coitum,
Rabbits failed Lo ovulate were not included.

In pooled data, ovulation rate for winter, spring. summsr and autumn
was 9.3, 10.2 7.7 and 6.4, respectively. ANOVA rovealed that the effcet
of seascn on ovualation rate was statistically significant (P<Z.01). Reporis
reviewed onseasonalinflusnee cnovulation rate are contradicting. Hammond
(1921) found thatovulation rate inwild rabbits increased from 4.2 in January
to 6.7 in April.  His study indicated marked differences in monthly ovulation
rates. Working with demestic rabbits. Hahn and Gabler (1971) came to a
similar conelusion 2= they found that ovulation rate was high during the period!
from March to August and obviously low in the period from November to
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February. Koefoed-Johnsen and Fulka (1966) noticed seasonal patierns in
ovulation rate of demestic rabbit but observed variations were non-significant.
Their experiment covered the pericd from October to June and ovulation
was induce d by HCG injection. Hafez (1964) claimed no consistent seasonal
variation in ovulation rate in a group of domestic rabbits ovulated by either
sterile goitus or HOG injection, Present authots believe that the administra-
tion of exogenous gonadetiopin for ovulation induction may impair scason
effect on ovulation rate.  Simply because scason may affect the trait vig ity
action upon rate of synthesis orjand release of endegencus ovulaiory
hormones.

In this study, the highcst valugs for ovulation rate were recorded inwinter
and spring and the lowest estimates were those of summer and autumn (Table
1). Winter (J3.4°) and spring (20.3%) are the relatively temperate scasons
of the year. Thus seasons with moderate ambient temperatures appeared to
be associated with high ovulation rate. This is in contrast with sumumer,
the hotlest season of the year (27.19), where ovulation rate is obviouslylow.
Of interestis the early work of Hammond (1921) inwhich he used tamedrab-
bits with a restrictc d breeding season outof it, does were in complete anestrus.
Surprisingly, he succseded to proleng the brceding season by controlling tem-
perature and feeding. From his study it appears evident that ambient tem-
perature has something to do with intiating the physiological readiness of
the doe to ovulate if the preper stimulus is present. In the present study,
the relationship between day length and ovulation rate is not that obvious as
thatreporte d for ambicnt temperature.  If itis tentatively assumed that short
day leagth isrelated to high ovulation rate, this assumption should be rejected
as average day length in autumn (11.4 hr) is shorter thanin spring (12.9 hr),
eventhough ovulation rate for the latter season Was comparatively high
(Table 1y. Apparently, seasonal variation in light hours may not be responsible
for variation in ovulation rate in domestic rabbit. This conclusion was
reached by Smelser ef af.(1934). In their study, domestic rabbits were subji cted
to continucus light, continuous dark, increasing light and decreasing light
for cie menth but nope of these treatments had exerted any significant
effect on number of ovulations.

Recovery and fertilization rafes

Average number of ova recovered/dee is given in Table 2. For both
combined breeds, recovery rate lor winter (6.4) and spring (7.9) was higher
than that for summer (3.4) and autumn(3.6). S:asonalinflicace onrecovery
rate followed the same paticrn reporte d earlier for ovulation rate, Fertilization
rate for Bouscat and Giza While rabbits was high in the four s asens investi-
sated (Table 2). Neither breed ner scason had affected the reproductive
character.
Digmeter of blastocyst

As there are no diffirences in diameters of blastocysts recovered 3 days
post coitem from Bouscatand Giza White rabbitsdatawere pooled andappea-
red in Table 3.With respect to breed effect on blastocyst diameter, Hafez and
Rajokoski (1964) did not find significant difference in diametre of blastocysts
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recovered 144 hr post coitum from N:w Zealand and Chinchilla rabbits. A
similar ¢onslusion was reached by Kodituwakku and Hafez (1969) who
failed to d:tect marked diff:rencss in diamter of blastocysts recovered 144,
152 and 160 hrpost coitum from D atch-Balted and N w Z:aland White rab-
bits. Th:se studies as well as th: presznt one indicated no obvious cffect of
breed on blastoeyst diamater.

Outer-zonal diam:ter of blastocysts recovered in winter, spring, summer
and autumn was 169.7 p, 169 6 M, 1751w and 179 3 u, respectively.
Season effectis not obvious, howe ver, marked variation in blastocy.t diameter
was noticed in summer. Blastocyst diameter including the mucous coat
was 369.3 u, 326.7 u, 387.6 1 and 413.5 u in winter, spring, summer and
autumn, respectively. Thus diamster in summer is obviously greater than
other seasons. It appears plausible to conclude that summer and antumn
stimulated the deposition of more oviductal mucin around the cege.  Estimation
of percentages of und:r-and over-sized blastocysts in different seasons was
not workedout. Thismay be hzlpfulin tracing, through quantitative approach,
whether blastocyst size including mucous layer is related to its subsequent
development or not.

Number of implantation sites

Number of implantation sites/doe is given in Table 4. Average number
of implantation sites/Bouscat doe was 6.8 and for the Giza White doe it was
7.5. Difference between means lacked statistical significance. Season effect
on the character was significant (P<.01). Mean number of implantation
sites per doe was higher in spring (9.5) and winter (7.6) and low in autumn
(6.2) and summer (5.2), Of interest is the parcentages of Corpora lutea,—
counted 12 days post coitum, associated with the formation of implantation
sites. These percentages were 81.7, 93.1, 67.5 and 96.9 for winter, spring
summer and autumn, respectively, The lowest percentage was recorded in
summer. This may be due to the direct or indirect effect of high ambient
temperature of the season on pre-implantation suryival of blastocysts, It
should bz noted that fertilization rate during the season was high (97%).
Thus, fertilization failures were not basically involved in the observed decrease
of nidation in summ:r. A considzrable number of fertilized egges probably
died b.fore stimulating the uterine horn to devslop swelling thatcould be dete-
cted 12 days post coffum. Previous work indicates that sperm c:lls can be
influenced by high ambient temperatures so that fertilization rate is not af-
fected but pre-implantation survival of embryos is decreased (Burfening and
Ulberg, 1968).

Embrye survival

Data on numbcr of viable embryos per doe followed the samo> pattern
teported for aumber of implantations (Table 4). Breed had no obvious
eff=ct, mzanwhile, season affected the trait markedly, Average number of
viable embryos/doe in winter, spring, summer, and autumn was 6.8, 8.9,
3.0 and 5.9, respectively. Values of post-implantation survival in the four
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respective scasons were 90, 94, 57 and 95 (Table 4). Deleterious effect of
summer on post-implantation survival was obviously clear.
by the present study, high ambient temperature of the summer may be the
responsible factor for the obvious increase in embryo mortality during the
season. Alliston et al.(1965) came to the conclusion that early rabbit embryo
{one cellfertilized eggs) was directly affected by the increase in maternal body
temperature that accompanied thermal stress on the doe. They added that
sucheflects may not become apparent until late stages of embryonic develop-

ment.

As suggested

TABLE 2. Seasonal effects on fertilization rate in Bouscat (B)
and Giza White {G) rabbits.

Season

Winter
Spring

Summer

Autumn

All seasons

Ova recovered/doe(*) | Fertilization rate(*)
B G B4 G B+ G
8.3 4.5 6.4 99
7.2 8.7 7.9 100
6.0 4.8 5.4 97
4.7 2.5 3.6 100
6.5 5.1 5.8 99
|

3) Number of eggs recovered 3 days post coitim [ number of does.
4) Number of cleaved eggs 3 days post coitum | number of ova recovered.
Mean for each season for each breed was caleulated from six does.

TABLE 3. Seasonal influence on diameter (u) of rabbit ova recovered 3 days post coifum.
Diameter of the outer
| Timit of zona Diameter of blastocyst
Number of pellacida with mucous coat
Season blastocysts . _—
mean range mean range
Winter 76 169.7 150 — 188 369.3 | 300 — 528
Spring 95 169.6 151 — 188 329.7 251 — 502
Summer . . . . 63 175.1 113 — 245 387.6 300 — 490
Autumn . . . 43 179.3 170 — 188 413.5 396 — 434
All seasons 221 173.2 113 — 245 | 363.6 251 — 528
|

©Ova recovered from both tested breeds were studied as one pool.
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TABLE 4. Number of implantation sites and viable embryos [ doe in different seasons

of the year.
Number of Number of Post-implantation
implantation viable embryos/doe survival 7
sites/doe
Season
B G |B—|—G B ‘ G BIG| B G BI|G
| |
Winter . . ... . 7.5 7.7 1.6 6.8 6,8| 6.8 91 89, 90
Spring . . .. .. 80 1.0 9.5 .5 103 8.9 94 94‘ 94
| |
Summer . . . . .| 5.3 33 $.20 - 3.5 2.5 3.0 68 471 57
| |
Autumn. . . ..., 67 58 62 63 55 so o5 o4 os
All seasons . . . .| 6.8 ?.Sl ?.l| 6.0‘ 6.3‘ ().2| l

88| 84| 86
| | | | . |

7) Number of normal embryos recovered 12 days post coitin [ number of implantation
sites counted 12 days post coitum.
B = Bouscal and G = Giza White rabbits.

Mean number of implantations and viable embryos [ doe, for each season for cach
breed, was calculated from six does.

Season of the year was shown to evoke morphological and histological
changes in the reproductive organs of the doe.  Such changes included ovarian
weight and thicknzss of uterine myometrium (Table 5). The rabbit ovary
in winter and spring was hzavier than in summer and autuma. This i nding
is correct, no matter ovaries were weighed 3 days or 12 days post eaitum (Table
6). Ssason did notinfluence the total weight of Iutein tissue/doz in the same
pattern it affected ovarian weight., Itis lozic to conclude that srason effect
was more apparent on the weight of other ovarian compartmeznts (follice
aud interstitial tissue compartment). The present data did not outline,
however, which ovarian compartment, rather than the lutein tissue, was much
likely to be alfected.  The uterine myomstrium was thinner ip spri ng and sum-~
mer than in winter and spring. Growth and activity of uterine musculartis
are known to be primarily under the control of ovarian hormones,

Interpretation of data

The present study failsd to show marked differences batween Bouseat
and Giza White rabbits with ragard to all traits investigated. Thisis in con-
trast with szason effect which was easily pareeived. No doubt that winter
and spring were the most favourable seasonsof the year for rabbit reproduction
in this eountry. During these szasons, the physiological potentialitics of the
doe to reproduce ware obviously high as indicated by high rates of avulation,
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TABLE 5. Morphological and histological data for rabbits killed at different seasons
of the year.

| | |

Observation .‘ Winter | Spring ‘ Summer ‘ Autumn

Imposed 3 days post coitmin l ’
Number of CLjdoe . . . . . . .. | 9.8 9.0 6.7 ‘ 5.2
Weight of CL (mg) . . - - - .‘l 33 ‘ 2.5 | 4.0 ‘ 4.3
Weight of lutein tissue/doe (mg). . . I‘ 316 ‘ 227 | 26.9 202
weldht ofovery Gngl « = s weos 5 x s 652.0 | 531.7 | 395.4 l 205.9
Thickness of myometrium (u) . . - - | 944.3 | 11539 ‘ 717.9 613.1

Tmposed 12 days post coitum ‘ | Il
Number of CL{dot . . . . .« « - | 9.3 ‘ 10.2 | =T 6.4
Weight of CL (mg) . . . . . - .« - || 14.3 | 12.2 ‘| 15.1 |‘ 17.8
‘Weight of lutein tissue/doe (mg). . . - | 133.3 | 125.0 | 115.8 || 114.%
Weight of ovary (mg) | 733.8 | £15.2 541.0 i_ 549.9
Thickness of mvometriom () . .+ . 10668 | 1285.8 943,60 .| §24.2

8) Data from both tested breeds were treated as one pool

fertilization and post-implantation survival. The functional reproductive
peak was reached in spring. In summer, the peak disappeared, thiswas indi-
cated by drastic d:terioration in all traits mentioned earlier. Fertilization
rate was the only excxption, its value persisted to be higheven in this partis
cular ssason. Raesults, however, did not indicate with cortainty the environ-
mental factor responsible for the sharp decling in reprod.ctive capabilities of
the doe during summsr. N vertheless, when comparing results of the four
seasons some evidsnees were available implicating possible involvement of
ambient temperature. No similar evidsace was trac d for the effect of day
length., Further work isneed:d to elaborate the association batween ambient
temperature and the reprodugtive potentialities of the doe. Autumn was
shown to ba ths transitional szason bztween the vally of fecundity in summer
and the onset of the reprodustive peak in winter.
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