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recruitment. The fall population resident at Sodhouse Farms, and bag, were likely
disproportionately composed of the expected carry-over of adult birds from the high
production in 2005.
		
The resumption of DUHU management for 2007 was followed by pheasants
reportedly being plentiful essentially throughout Sodhouse Farms before and after
the 2007 hunting season, based on observations of farm personnel. The hunter-bag
was 41; the potential for a higher bag evidently was not realized due to lower hunting
pressure than in 2005. However, in the three years of DUHU management, despite
the flooding in 2006, the total rooster bag has been 209, compared to approximately
12 in the 3 preceding years.
		
Quantification of the Sodhouse fall population for the managed unit in 2005
can be approximated by reasonable projections from the known bag. Assuming the
number bagged was a 60% harvest, fall rooster numbers totaled approximately 240.
Further assuming the September survey provided an approximately representative
sex ratio of 55 M/100 F, hens numbered about 436, for a total, pre-hunting season
population on the order of 675. Although based on approximations, this suggested a
local population of >5 pheasants per managed acre ( 0.4 ha ), similar to that projected
at GIWA.
		
The high bag and bag-projected estimates essentially confirmed the conclusions
from the September survey results, that pheasants obviously were abundant in the
managed unit. If this estimated 10% sample of the managed area was reasonably
representative, the 93 pheasants classified therein indicated total pheasant numbers
approximated 900-950 in the managed unit. Close agreement from such gross approximations was unlikely, but the general order of magnitude was similar.
GENERAL DISCUSSION
		
Our basic concept is simple. Concentrate a high-density breeding population
of pheasants within a relatively small but suitable management unit, to produce
greater numbers of chicks within the managed area. Then achieve high survival and
recruitment from the increased chick numbers, primarily by producing abundant and
easily available insect/arthropod food for chicks and juvenile pheasants. This concept
should apply universally, although it was developed for non-agricultural habitat in
the irrigated, western U.S.
		
But, the concept functioning as conceived depends primarily on the application
methodology, after adaptation to local conditions. The two examples presented, GIWA
and Sodhouse Farms, are the greatest and most obvious successes to date, to the best
of our knowledge. In both, high production of pheasants was achieved from small
areas of non-agricultural habitat, at least suggestive of record population densities.
We consider these results adequate to demonstrate that the concept and methods can
work well under both mild and severe winter circumstances.
		
Lesser degrees of success, however, have been difficult to evaluate conclusively.
In many instances the only measure available has been seasonal bag numbers, which
to be indicative usually need to be from reasonably comparable hunting pressures
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and accurate recording of bag, among possible variables. However, exceptions such
as the two examples presented can happen, where the degree of increase is so great
that cause and effect are obvious. But in other circumstances, frequently information
received has been essentially anecdotal. Generally, resources have not been available
to conduct the intensive monitoring by qualified personnel necessary to confirm or
document such results definitively.
		
In addition, frequently the only basis for comparison has been the site’s historical record for pheasant abundance, which typically has been inconsistent, fluctuating
considerably, or undocumented. Whether this is a fair standard for such purposes,
especially where annual conditions over time may have changed subtly but appreciably,
is debatable. It may take a longer period of proper implementation under comparable
conditions to provide a better basis for evaluation in many circumstances.
		
We do not intend to imply that all implementation efforts have met with some
degree of success. There have been apparent failures to increase pheasant numbers
significantly, if at all, and these have been similarly difficult to substantiate or quantify.
However, where the cause has been obvious, it fell under the general category of the
concept and methods prescription not being followed, for a wide variety of reasons.
These have included not having the resources required, selecting unsuitable sites or
not developing them properly, physical failures of facilities or equipment, unusual
and unsuitable weather, and perhaps most frequently, various failures to irrigate the
brood cover strips properly.
		
Thus, we do not recommend that this system of pheasant management be undertaken casually, without the required resources and commitment to follow through
adequately. Some initial problems can be expected, as was the case at both GIWA
and Sodhouse Farms, but these usually can be detected and corrected.
		
Also, although greatest success evidently has come from following our methods
closely, we do not intend to imply that they cannot be improved, refined, or better
adapted to some local circumstances, or more feasible alternatives developed for the
purpose. Instead, we recognize that this concept and methods need to be tested more
widely and over longer periods to assess what role they can play in future pheasant
management, or how they can be applied to other wildlife species. That is a main
reason for publishing at this time what is in part a progress report, to make generally available the concept, methods, their biological basis, and what has obviously
produced good results to date.
		
The following review and update may be useful for those purposes:
Territory Cover
		
With the two examples presented, the crowing/display strips were generally
straight-line and continuous, for various reasons, including using the existing levee
top at Sodhouse Farms. To maximize rooster territories within a managed unit, other
configurations of these strips may be desirable to the extent feasible. We have observed
(Hart unpublished data) that dominant roosters crowing in close proximity typically
were not aggressive or combative if screened from each other by intervening vegeta-
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tion. This suggested that manipulating the disking or mowing of display strips by
curving or other irregularities could result in smaller and more numerous territories,
by breaking sight lines of adjacent roosters where territories may adjoin.
		
In the late winter/early spring period of territory formation, in some circumstances
the bare edges of brood strips evidently are attractive enough for some roosters to use
them for establishing territories. This has caused some questioning of need for separate
territory cover. The dynamics of these situations can be more complex than apparent.
The edge used here is coincidental, and may not be the most attractive or available
combination that can be developed or is needed to draw roosters from surrounding
areas. The roosters using brood strip edges may be the less dominant ones that have
lost competitions for the better territory sites with display strips, and are settling for
what is second best or acceptable nearby. If so, this isn’t necessarily indicative of
these coincidental edges being as attractive as needed for the primary purpose of the
territory cover. Also, the suitability of these sites may vary considerably, depending
mainly on the degree to which the brood strip passes through or abuts suitable escape
cover in addition to nesting cover.
		
In the final analysis, making territory cover more attractive by adding display
strips, either by disking or mowing, is so easy to accomplish that it is imprudent to
shun. As long as adequate nesting cover is maintained in the DUHU, there probably
cannot be too much in enhanced territory cover, if reasonably centered in the management unit.
		
Such enhanced territory cover also should be useful where less intensive management is practiced. These instances could be to manipulate local breeding populations
into locations evidently most favorable for reproductive success, or away from those
known to be unfavorable. The latter could include alfalfa or other hay fields that will
be mowed in nesting or brooding seasons.
Brood Cover
		
Species composition of the broadleaved vegetation in the brood cover strips apparently is not important, only that it be predominantly forbs. From our experience,
the composition of productive brood cover has varied considerably with different
localities and site conditions. At GIWA, most prominent were fathen, Atriplex triangularis, an annual whose leaves showed considerable evidence of arthropod use,
and bird’s foot trefoil, Lotus corniculatus. Bird’s foot trefoil locally is a non-native,
perennial legume and can expand into undesirably large, dense clumps. However,
annual disking sets this growth habit back, producing small clumps that chicks can
forage around easily during the brood-rearing season.
		
The vegetative cover in the brood strips serves several important functions: 1)
the forbs in damp/moist soil are the basic habitat for the arthropod populations that
produce the abundant supplies of chick food; 2) it provides a protective canopy to
prevent, or minimize, predation on hens and chicks foraging in it; 3) it screens surface soils from the excessive drying effects of direct sun and wind that cause loss of
productivity and increase needed frequency of irrigations; and 4), it provides humus
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to increase fertility and moisture-holding capacity of the brood strip soil when disked
under annually, as well as food for Carabidae that feed on turned-under, decaying
vegetation.
		
As an example of the third effect, research in Kansas documented that harvested
height of wheat stubble was critical; cutting wheat stubble shorter reduced screening
and led to increased drying of surface soils by wind. This resulted in less growth of
forbs in the stubble, so that its productivity as pheasant brood cover was significantly
reduced (Rodgers 2002).
		
For maximizing beneficial effects, this broadleaved vegetation should completely
cover the main surface of the brood strip by the time appreciable numbers of chicks
start hatching, or as completely as feasible. The initial bare soil by this time is unproductive and undesirable, including potentially inviting predation where pheasants
are exposed in crossing it. To best achieve such complete coverage, earlier irrigations
may be desirable to stimulate or maintain desired cover growth due to lack of early
spring rainfall.
		
Also, this early successional vegetation typically grows with stem spacing that
enables young chicks to forage through it effectively. A field-test for this is to view
typical brood cover from directly overhead; widely distributed bare ground should
be visible through the cover canopy, between forb stems. Small patches or stringers
of grass or other dense cover are not problematic unless they will appreciably block
chick movement. A limited amount of added canopy and diversity of cover is desirable if chicks can forage around it readily. As the brooding season advances, some
increase in cover density is typical, often from invading plants. However, by that
time the generally older and larger juveniles apparently are able to cope adequately
with these circumstances.
		
We found timely disturbance to be the main key to producing this early successional vegetation from the existing natural seedbed. We also considered there were
many advantages to working with this more natural system that eliminated need for
planting. The natural factors involved here were unclear from the limited depth of our
work. However, our process may be selectively manipulating local plant phenology
by eliminating or minimizing other plant competition, in combination with earlier and
higher soil temperatures from the direct exposure of bare soil to solar radiation and
rising air temperatures. But, especially for implementation elsewhere, more research
may be desirable regarding the influencing factors that can be manipulated to stimulate
timely production of this vegetative type locally or regionally. Alternatively, there
may be different and better ways of semi-naturally producing abundant arthropods
suitable for chick food, without degrading other habitat attributes.
		
The prescribed disking for disturbance may work satisfactorily if accomplished
during fall or before winter’s end, if necessary to delay this long. However, disking
later in the spring can be problematic in several respects. We are unaware of this
practice having produced suitable brood cover, and reports of such success from
California have been premature and unsubstantiated. Typical cover resulting from
spring disking here has been patchy, dense growth of grasses, usually barnyard grass
(locally called watergrass), Echinochloa crusgalli, interspersed with excessive areas
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of undesirable and unproductive bare ground. This timing possibly is too late in the
annual sequence of plant phenology to produce the productive forb cover that is the
objective.
		
Furthermore, disking in spring can be disturbing or potentially destructive to
ground-nesting birds and other wildlife during their reproductive season, particularly
in dedicated wildlife areas. Precautions to attempt to avoid these consequences can
be appreciable extra effort and problematic in themselves.
Managed wetlands as a potential source
of water for winter flooding
When pheasant brood strips are constructed near managed wetlands consideration
should be given to placing them at locations where water in the wetlands can be reused to flood the brood strips following the waterfowl hunting season. The broad
strips should be flooded approximately during the month of February.
Moisture – irrigation
Those actually handling irrigations should understand that the main purpose here
differs from typical crop irrigations; such misunderstandings apparently have been
cause for some failures. Irrigations to maintain predominantly damp/moist conditions
in the more exposed surface soils need to be more frequent than those to replenish
moisture in the underground root zone, as for crops or some cover.
Our recommendation to irrigate brood cover strips for approximately a 3-month
period is to encompass the main hatch and early growth period for chicks as typical
for California. This period may vary with other regions and circumstances, as well
as with management objectives or feasibility. In localities where there typically is a
more concentrated period for the main hatch, good results possibly could be achieved
with an irrigation period of <2 months, if properly timed.
Evolution of brood strip design evidently has increased hydraulic efficiency that
has correspondingly increased productivity for greater chick survival. Brood strips
obviously are temporarily unproductive or unavailable to chicks while they are covered with water. Also, holding irrigation water on too long serves no useful purpose,
and can encourage undesirable marsh or wetland vegetation replacing forbs. Getting
irrigation water on and off quickly, or flash-flooding, to minimize such non-productive
time or effects, has been enhanced by the shallow-swale design (Fig. 4). This can be
adapted to fields with existing perimeter ditches or similar circumstances by making it
a half-swale. The minimal grading for sloped drainage typically can be accomplished
readily with a motorgrader or other equipment with an adjustable blade.
		
However, where topsoils are shallow, we have observed that such sloping can scalp
off much of this humus-enriched layer with its enhanced moisture-holding capacity
and natural seedbed. The bare mineral soil exposed may have poor moisture-holding
abilities requiring excessive irrigation, and overly sparse stands of brood cover may
result. After initial development, these conditions can make it a good practice to
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grow an appropriate cover crop, preferably legumes, in the first season to restore
humus and moisture-holding capacity to the brood strip soils, to be turned under by
the initial fall-disking.
		
At the start of irrigations, frequent inspections of surface-soil moisture conditions
in the brood strips are essential to establish a basic irrigation schedule, but one that
remains flexible. Frequency of required irrigations can vary appreciably with soil
types, weather conditions, and other factors; excessively sandy or similar soils can
have so great a percolation rate that they aren’t feasible for flood irrigation. These
inspections should be in typical brood-strip cover; exposed, bare soil is not indicative
because it dries much quicker. Irrigations will need to be more frequent in periods of
hotter, windier weather.
		
In initial brood strip development for flood irrigation, especially when lasercontrolled equipment is being used, excessive precision to produce a uniformly
smooth and regular drainage slope should be avoided. Our experience has been that
this tends to produce too much uniformity in drying rates and vegetative type. Surface
irregularities that produce a minor amount of shallow puddles with temporarily wetter
soils extend the drying period in these spots and provide overlap insurance against
failures due to timely irrigation being too delayed. They also produce increased
diversity that is desirable in brood cover vegetation.
		
Using sprinkler systems for irrigation has potential advantages, including economy
and efficiency, although to date we have had limited experience with them. However,
sprinklers can be used on irregular or steeper terrain, without the grading or leveling and irrigation infrastructure required for flood irrigation, and without its related
operational requirements such as diligently tending water controls. Automatic timers
can be used in many circumstances to turn sprinkler systems on and off as conditions
require.
		
However, sprinklers require high-pressure, clean or filtered sources of water.
Also, trying to use systems that are slaves to those for crop irrigations requires careful
consideration. Crop irrigations are for a different purpose, and may not be frequent
enough to maintain the moist surface soils needed in the brood strips. Despite sprinkler
systems being more automatic, the precaution of frequent inspections still holds to
ensure that irrigation needs are being met.
		
Drinking water – Maintaining drinking water sources for pheasants within the
managed unit is critical. In dry, hot periods, pheasants typically water at least twice
daily, and tend to loaf in the cooling microclimate near water. For them to have to
travel appreciable distances, especially to outside water sources, to meet these needs
can unnecessarily expose them to predation and other hazards. At least a minimum
flow in DUHU ditches should be maintained for these purposes.
		
Mosquito control – Provisions for biological control of mosquitoes may be important. In appropriate circumstances, mosquito control officials have recommended that
the supply/drain ditch in the brood strip be at least 2 feet deep and 3 feet wide (61 x
91 cm), and kept essentially full during the irrigation period to harbor mosquito fish,
Gambusia affinis. This enables these fish to follow the advancing waterline during
irrigations, forage on newly hatched larvae of mosquito species that lay their eggs
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in mud or soil, and then retreat back into the ditch as the brood strip is drained.
		
Monitoring by mosquito abatement personnel showed that no appreciable mosquito
problems were generated by the winter flooding or irrigations of the GIWA field-test,
and no additional control measures were required. Any puddles of irrigation water
were temporary, usually gone within <3 days, not long enough for the cycle of adult
mosquito production.
Long-term factors
		
Pheasant population dynamics dictate that a key to long-term DUHU productivity
will be harvesting surplus roosters and thereby maintaining high ratios of hens in the
spring breeding population. Unless productivity is cropped regularly by hunting, or
excess roosters otherwise removed, buildup of rooster numbers can exceed capacity
of the DUHU territory cover. Excess roosters will be forced into surrounding areas
to establish territories, where they will compete with DUHU roosters in attracting
hens for their harems. This can draw hens out of the DUHU into unmanaged habitat
where productivity is lost. Also, as rooster numbers increase proportionately in the
spring population, average harem size will decrease. This can further reduce the
DUHU breeding population of hens, and lower productivity of the managed unit.
		
Temporary solutions can be increasing efficiency of existing territory cover, as
previously discussed, or adding more of this cover to the DUHU. However, there will
be practical limits to such measures, and the situation will be repeated with continued
high productivity and inadequate harvest of roosters.
		
Another factor is that the quality of nesting cover is likely to decline over time,
potentially resulting in lower nesting success. Management should consider regenerating a limited proportion of the nesting cover annually, or at suitable intervals.
Other Wildlife Benefits
Allen (20037) compared bird productivity of current DUHUs in 1999-2000 with
unmanaged grasslands and managed duck-nesting cover in the San Joaquin Valley.
Of the 800 nests found in study plots, 66% were in the more diversified DUHUs;
non-game species predominated (84%), mainly red-winged blackbirds, Agelaius
phoeniceus, and song sparrows, Melospizas melodia. Production of mallards, Anas
platyrhynchos, was six times as great as pheasants in the DUHUs, and twice as great as
from the other habitat categories combined. However, these early versions of DUHUs
did not include enhanced territory cover, and no study attempt was made to correlate
proximities of rooster territories required for concentrated pheasant nesting.
Northern Bobwhite Parallel
		

Research into causes for long-term decline in northern bobwhite, Colinus vir-
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ginianus, revealed a parallel aspect. The early successional vegetation that provided
good brood cover for pheasants also was needed by bobwhites for brood and nesting
cover. However, more intensive land uses and practices, in concert with modern control
measures for prevention of fires and floods, has led increasingly to less disturbance
and to the resulting loss of this cover type essential for productive bobwhite habitat.
Management solutions include more use of prescribed burning and other disturbance
measures to restore early successional vegetation for needed nesting and brooding
cover (Dimmick et al 20028).
MANAGEMENT IMPLICATIONS
		
The broader implications are that modern and future pheasant management
should not be inhibited or limited by old traditions, beliefs, and dogma that ringnecked pheasants essentially are an agricultural species, and that their management
must be based primarily on cropland habitat of landscape scale. Our work should
add convincingly to previous evidence that the highly adaptable ringneck can do
well in other types of habitat that provides, or can be feasibly managed to meet, their
basic living and reproductive requirements, and in relatively small areas. This can
open new alternatives for pheasant restoration or population enhancement, including
what we present that has worked well in the irrigated pheasant range of the western
U.S., from limited testing to date in regions of both mild and severe winters. Using
artificially enhanced territory cover to concentrate high-density breeding populations
where most appropriate for management purposes, and growing strips of productive
brood cover to increase chick survival, may have essentially universal application.
However, no doubt this needs to be appropriately adapted to local conditions, and
tested more widely and for longer periods. Although potentially useful to wildlife
agencies and organizations, perhaps similar or greater potential from this small-area
management can be with individual landowners or groups interested in feasibly increasing local pheasant populations in limited areas of suitable private property. Also,
the concept, and methods in part, may have application to other bird species where
they suffer excessive mortality of chicks or nestlings due to inadequate supplies of
insect/arthropod food.
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