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FOREWORD

This symposium was conceived in 1970 when several interested
persons in Oklahoma independently thought of getting landowners, sports-
men, academicians, businessmen, legislators, and wildlife managers to-
gether to discuss improvement of living conditions for bobwhite quail
in the state. Although Oklahoma has one of the greatest bobwhite pop-
ulations in the country, the bird's numbers here are diminishing along
with decreasing habitat quality wrought by the universal problem of
intensifying land-use practices. Broad public understanding is needed to
cope with this trend; unification of quail enthusiasts behind a feasible
educational program is an important first step.

During several informal discussions about the proposed conference,
we evolved the more ambitious plan of holding a national meeting to
fully air current problems and management philosophies from all parts
of bobwhite range. Our goal would be maximum exchange of ideas and
opinions, and for bobwhite enthusiasts from as wide a variety of back-
grounds as possible to congregate and become better acquainted and learn
ways to help each other. We realized that the entire range of topics
concerning bobwhite could not be covered within the limitations of
one meeting, so we asked for supplemental papers to be published in the
proceedings and proposed that subsequent meetings be held regularly in
the future to provide further exchange of information.

In retrospect, the symposium achieved much of what we hoped for.
A notable exception was that we did not attract as many laymen as desired,
thus the attendants included a large proportion of professional wild-
life workers. We hope that future organizers of conferences will give
special emphasis to attracting landowners and other citizens who have
great influence on the welfare of bobwhite quail.

Several personnel of the Oklahoma Department of Wildlife Conserva-
tion, the U. S. Soil Conservation Service, and the Oklahoma State
University provided skillful, dedicated assistance in planning and
conducting the meeting. The secretarial staffs of the Oklahoma State
University Research Foundation and the Oklahoma Cooperative Wildlife
Research Unit were extremely helpful in preparing the final manuscript
and in having the proceedings printed.

Several nationally prominent individuals provided worthwhile
suggestions that helped us considerably in forming the program. They
deserve much of the credit for whatever good we achieved. Any
shortcomings are strictly my responsibility.

John A. Morrison, Chairman
Program and Publications Committee
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Fig. 3 presents a summary of annual production-season weather, distri-
bution of hatching peaks, and some population parameters. PI's of Normal
production years usually fall in the favorable to very favorable range
(9-12+). The HI in Normal years ranges from 66% to 847%. The graphed re-
lationship of PI's ana HI's is shown in Fig. 1.

Primary feather molt and replacement in young quail indicate hatching
chronology. In adult hens, wing molt progression often reflects the
timing of nesting and production because most hens delay wing molt until
after the young hatch. The delaying effects of adverse May-June weather
on hen nesting and hatching will usually be shown by late wing molt in
the hen.

Missouri quail studies (17) show that incomplete molt in mature hens
may indicate: (A) no production in June, nesting delayed until late July
or August; or (B) second nestings by hens (Fig. 2) (17). The incomplete
primary molt pattern in young Missouri birds hatched during August or later
in a Normal year averages 36%. An average of 667 of the adult hens shows
an incomplete replacement of primaries, wherein primaries 10 and 9 (occa-
sionally 8 also) are retained and not molted until the following fall.

Wing aging of quail is based upon back-aging primary molt from 20 November,
the midpoint in the November wing-gathering period.

Onset of molt of primary feathers in adult hens may occur from May
through October, with the major period of initiation occurring from June
through September. About 18% of hens nesting successfully molt shortly
after the mid-June hatching peak, but in most of these early nesters,
onset of molt is delayed until July or August. Fig. 2 shows periods of
molt onset and duration of primary-feather replacement in hens during
Normal years. Nonmolting hens in late July and August are potential
nesters over a 4-month period; many of these hens are potential producers
of second broods (17).

An analysis of hen wings collected in November gives age ratios of
young to adult birds, and hunting records provide sex ratios among adults.
In years when adult sex ratios approach the normal figure of 114 cocks to
100 hens, a high proportion of juveniles in the bag indicates good pro-
duction (11 young per adult hen represents the normal or favorable pro-
duction year). If, as occurs in some adverse years, the proportion of
juveniles is high whereas the proportion of adult hens is low (interpre-
ted as high losses of adult hens) we must be aware that the population
may actually be down because the high proportions of young in the bag
may be a function of low numbers of adult hens rather than of high pro-
ductivity. Thus, when interpreted properly, the proportions of young
per adult hen and of adult cocks per 100 adult hens are valuable para-
meters for evaluating relative success or failure of annual production.

Normal years usually provide good-to-excellent quail hunting because
birds are in habitat capable of supporting good populations. The average
HI of 75% (Table 4) shows that Normal years provide the highest hunting
success of any type of weather year. Occasionally, as shown in Fig. 1,
annual hunting success may be higher or lower than the harvest prospects
indicated by the annual PI.
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The Snow-Cold conditions in years 1947 and 1948 were less severe on
quail than were conditions in 1960. Yet data for these 2 years, while
showing favorable figures for young-old ratios and young-per-adult-hen
ratios, clearly revealed, through large distortion in adult cock-hen
ratios, the high loss of hens. This distortion caused the deceptively
favorable-appearing data on young.

The need for several parameters for ample interpretation of popula-
tion data becomes evident.

6. The Snow-Cold data show a 24% increase over Normal in the size of
the August peak hatch and in incomplete molt in birds hatched during
August or later. Numbers of adult hens molting late show an 11% in-
crease above Normal, indicating production losses in the early nesting
season and compensatory nesting during the August hatching period.

In evaluating effects of the Snow-Cold weather on quail, bird
losses often appear severe and similar to those of some drought years.
Hunting success in the 1960 '"Big Snow'' year rated poorer than in severe
drought years (Fig. 1).

Reduced bird populations in Snow-Cold years cause reduced hunting
effort as many fringe hunters do not hunt. Hunters find the bird crop
down and coveys sparse. Birds are gone from areas that support them
in mild winters. Hunting efforts provide reduced bags, and the average
kill sets a record low for all types of adverse-weather years.

Quail populations usually show rapid recovery to favorable levels
within 2 or 3 years following a Snow-Cold year. One year's production
is usually required for developing an ample supply of potential breeders;
by the second year (sometimes the third) populations are at or near
Normal. Numbers of hunters afield then increase with the growing
quail population.

Drought Production Year (6 Years)

Of the 3 major types of weather effecting changes in the Normal
production and survival curve of Missouri bobwhite, drought is undoubtedly
the most dramatic. In Drought years, high prevailing ground temperatures
and much-below-normal moisture prior to and throughout the production
period affected quail behavior in various ways and at important stages
of the production cycle. Such conditions have prevailed in 6 quail
production seasons in 25 years. O0ddly enough, these 6 Drought years
occurred consecutively, during 1952-1957 inclusive, and this undoubtedly
accentuated effects of drought on quail in the more stable portion of
the bobwhite's range. These data clearly illustrate the more serious
effects that drought can exert on quail populations in midcontinental
United States.

Regional droughts of season duration occur periodically in Missouri.
These are not considered here because such conditions usually affect
only the fall behavior and movement of birds rather than significantly
reduce populations. In such years, birds often forsake drought-seared
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and overgrazed areas and seek refuge in woodlands where they are usually
unavailable to hunters. The effect of drought on bobwhite quail has
been studied widely (3, 4, 5, 6, 7, 8, 9, 13, 14, 18, 19). Drought-
caused effects and changes from Normal are as follows:

1. Onset of pairing, covey breakup, and nesting is delayed.

2. In a severe drought year in which spring moisture shows a cumula-
tive deficiency (often from a previous drought year), many birds may
fail to break coveys and to pair. Some covey units remain partially
or nearly intact through June, July, and August.

3. Limited nesting occurs during May, June, July.

4. Many nests containing full clutches are abandoned.
5. Hens become emaciated and die on the nests.

6. Smaller clutches are incubated.

7. Eggs are prematurely incubated by high ground temperatures prior
to incubation by the hen. Much egg spoilage occurs.

8. Unhatched chicks pip and partially ring their eggshells, but rapid
desiccation traps them in half-opened eggs. Uneven hatching, with a
few eggs hatching early, causes hens to leave nests with fewer young,
often as few as 2-4 chicks.

9. Marked scarcity of broods during June and July.

10. Large numbers of adult pairs and single birds lack chicks from
June through September.

11. An above-normal number of adult males, minus females, care for
small clutches of young during the production season.

12. The most noticeable and important result of severe Drought years
is few to no broods of extremely young chicks during August and
September. The second, or August, hatching peak does not occur.

Overall effects of drought on production patterns, fall population
levels, and hunting success are shown in Fig. 5 and by parameters for
the individual Drought years shown in Fig. 1 and 3.

Average parameters for the 6 Drought years are compared with Normal
years in Table 4. A PI of 4 falls 667% below the Normal PI of 12, and
thus rates the Drought years as the most damaging to Missouri quail in
the 25 years of study.

The record Drought year of 1953, with a low PI of 3, was 75%
below Normal. This compares with the Snow-Cold PI of 3 during 1960.
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In 4 of the 6 Drought years, the 15 June hatching period shifted
1 to 2 weeks later. These first hatching peaks, while averaging around
92% of the annual production, actually produced 50% to 75% fewer birds
than the first peak hatch of a Normal year.

The second hatching peak of Normal weather years occurs around 15
August and contributes about 367% of the annual quail crop. In the
severe drought years, this second peak of hatching may disappear or
contribute only 5 to 6% of a Normal bird crop. A small percentage of
hens in drought years may produce 2% to 15% of the year's quail crop
in an August or later hatch, resulting in extremely young birds through
mid-September, as shown in Fig. 3. As shown in Fig. 3, the hatching
period of 1 July 1953 accounted for 98% of the annual production;
hatching in August and later was nearly nonexistent.

The chronology and amount of production in drought years depart so
far from the Normal that population levels and hunting success for
many hunters reach a forecastable low.

Young-old ratios and young-per-adult-hen figures for the Drought
years, as in other types of weather years, often fail to convey fully
the degree of population decline. In fact, as in ratios of Snow-Cold
years, these figures if evaluated alone, falsely indicate exceptional
quail production. Young-hen ratios alone too often are believed to
indicate excellent quail production and high populations. High young-
hen ratios could occur in the last remaining 100 birds in an endangered
population. Only by noting (A) actual population levels through a game
survey (the PI), (B) ratios of adult cocks to 100 adult hens, and (C)
numbers of young per 50 pairs of adults, and by comparing all with the
Normal condition can we analyze a population and learn why young-hen
ratios and young-per-adult figures appear so favorable. The high loss
of hens marks the reality in such ratios. By considering distortion
of adult cock-hen ratios, we can align our thinking more clearly, and
hope that our interpretations are accurate.

The ratio of young per 50 pair of adults in drought years is 456,
or only 19% below Normal. A similar decrease is noted for the Snow-
Cold years. These figures may well represent the existing population
that is present and being measured; they are deceptive when, as often
occurs, they fail to reveal that a huge segment of a Normal population
is absent. The actual degree of quail mortality and population loss
in drought years must be discerned from other population parameters
and from comparisons between years.

In Missouri's southern Ozark regions, where effects of drought are
most severe, data from 1952 and 1953 show that the percentage of young
dropped to 74% and 73%, with young-per-adult ratios of 5 to 1 and 6 to
1, respectively. Ratios of young per 50 pairs of adults for these 2
years were 285 and 270, respectively, a departure from Normal of 50%
and 53% respectively. Thus in areas and years where drought is extremely
severe, annual ratios for young per adults, young per adult hen, and
young per 50 pairs of adults may reflect more realistically population
characteristics during drought.
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Data on incomplete molt in years of drought show that production
of the second (August) hatching period, and presence of extremely
late-hatched young, averages 9%, or 737% below Normal. During the
severest drought year, 1953, molt figures dropped to 2%, or 917% below
the Normal year. In such poor production years, production and hunting
success rest solely on early-season production.

Total statewide kill and regional harvest in the most drought-
ravished regions drops considerably, as fewer birds afford less harvest.
Restrictions on season length and daily harvest, while saving some
birds through direct harvest reductions, have greatest effect in re-
stricting total kill by discouraging hunting effort, as shown by re-
duced hunting by avid hunters and no hunting by casual hunters.

A noticeable improvement in annual harvest, as shown by PI's,
(Fig. 1) occurs with but the slightest rise in annual production in
drought years. The slight rises in PI figures of drought years 1955,
1956, and 1957 imply that improvement in spring moisture improved
habitat conditions. Many acres lacked grazing pressure after vast
cattle sell-offs, and they gradually began to recover carrying capacity
for birds through replacement of natural food and cover.

Following a short-term occurrence of adverse weather, Missouri
bobwhite quickly respond to improved conditions of moisture and restora-
tion of natural habitat where land-use practices permit it. After 1 or
2 seasons of breeder buildup, populations return to Normal-season bird
densities, consistent with habitat quality and favorable production
weather.

As shown in Fig. 1, drought-stricken quail populations returned
to the very favorable PI of 10 by 1959, with a corresponding good bird
harvest.

These data emphasize that annual quail abundance and satisfactory-
to-good hunting success in Missouri are dependent upon a favorable June
quail hatch and a near average or better August production peak.

Summary and Conclusions

Weather during 25 years of study on the biology and population
dynamics of Missouri quail has been classified into 4 major types
according to moisture-temperature characteristics. They are: the
favorable normal years and the less-favorable years of Wet-Deluge,
Snow-Cold, and Drought. Ten population parameters are measured to
compare weather effects of the 4 types of years on quail production,
fall population size and composition, and hunting success.

Although weather of the Wet-Deluge years often changes the times
of hatching peaks and the percentages of hatch in each, and may cause
some population decline, such years are not overly harmful to annual
quail populations, and hunting success in these years is never a ''bust'.
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Table I. Missouri Clinatography Normals by Climatological Division
Station Month Ann.
Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Aver.
Temperature (F)
Northwest Prairie Div. 27.7 31.6 40.6 53.8 64.0 73.7 78.7 76.9 68.7 57.8 42.1 31.9 54.0
Northeast Prairie Div. 29.8 33.0 41.5 54.2 64.4 74.1 78.5 76.8 69.0 S8.1 43.1 33.1 S4.6

West Central Plains Div. 32.2 35.7 43.7 55.9 65.3 74.8 79.5 78.3 70.3 59.6 &44.8 35.6 56.3

West Ozarks Division 35.1 38.5 45.6 56.9 65.4 74.5 78.8 78.1 70.6 60.1 46.2 38.0 57.3
East Ozarks Division 34.8 37.9 45.4 56.9 65.4 74.3 78.2 77.3 69.7 59.0 45.5 37.0 56.8
Bootheel Division 37.5 40.3 48.0 59.1 68.2 77.0 80.3 79.1 71.9 61.2 47.8 39.3 59.1

Precipitation (Inches)

Northwest Prairie Div. 1.40 1.33 2.37 3.58 4.10 5.43 3.43 4.06 3.53 2.63 1.93 1.54 35.36
Northeast Prairie Div. 1.83 1.79 2.83 3.51 4.20 4.61 3.47 3.50 3.29 2.95 2.47 1.92 36.37

West Central Plains Div. 1.76 1.89 2.61 3.66 4.93 5.08 3.38 3.84 4.01 3.40 2.41 1.91 38.88

West Ozarks Division 2.15 2.39 3.05 4.14 5.41 4.95 3.56 3.19 3.91 3.65 2.82 2.27 41.49
East Ozarks Division 2.98 2.85 3.76 4.32 5.01 4.43 3.35 3.42 3.42 3.32 3.44 2.83 43.13
Bootheel Division 4.33 3.71 4.86 4.29 4.46 3.94 3.34 3.19 :3.41 3.12 3.89 3.67 46.21

Table 2. Explanation and Rating Valves of Production Index (P1) and
Hunting Index (HIL)

PRODUCTION INDEX (P.1.)

Based on broods observed in 60 days-July-August

P. I.=AVERAGE BROODS PER OBSERVER PER REGION

P.l. RATINGS
(1) POOR-3-5 (3) FAVORABLE-9-11
(2) FAIR-6-8 (4) VERY FAVORABLE-12+

HUNTING INDEX (Hl)

Based on ratings of coveys flushed per 8 hour hunting day

EXCELLENT GOOD FAIR POOR
8 COVEY PER DAY 6 COVEY PER DAY 5 COVEY PER DAY 3 COVEY PER DAY
1-1.1 Hrs/covey or 1.2-1.5 Hrs/covey 1.6-2.6 Hrs/covey 2.6 +Hrs/covey
better

Expressed as the combined percentage of hunters rating Good to Excellent hunting success.
EXAMPLE: Hunters rating excellent hunting success 50%

Hunters rating Good hunting success 25%

HUNTING INDEX (HIl) Equais 75%
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