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EXECUTIVE SUMMARY


An initial assessment of information and data occurring in more than 150 publications revealed several potential effects of global warming that could negatively affect future populations of pheasants, quail, and prairie grouse species in central North America.  Considerable evidence indicates that global warming will perpetuate periods of drier and hotter weather in combination with frequent extreme weather events of all kinds.  With the continued onset of global warming effects, non-migratory upland game bird populations will be vulnerable to changes in landscape scale vegetation cover quality and distribution, means of bird dispersal, and stressors effecting reductions in reproduction and survival capabilities.  Suggestions and recommendations are presented relative to future research and management scenarios and needs for the next decade or so.
INTRODUCTION

Climate is a temporal reflection of decades of weather; weather is, more or less, what’s happening now, yesterday, last month or last year.  Both weather and climate fluctuate through time and meteorologists often refer to averages of 10, 20, or even 100 years of weather data as “normal weather”.  Any departure from the average suggests the weather is warmer, colder, wetter or drier than average (normal).  The same can be said about climatic fluctuations, and the most recent data suggest that the average global temperature has been increasing for several decades.  Climatologists commonly refer to this effect as “Global Warming”.  The term global warming is directional in nature, implying that the overall ambient temperature of the earth’s surface is fluctuating toward a warmer and drier weather-pattern (climate) than occurred in the recent past.


In their book, “Climates of Hunger”, Bryson and Murray (1977:Chapter 10) provide evidence of climatic fluctuations for the past several million years, with greater detail for the northern hemisphere (including North America) for the past 1 million years using O16 and O18 analysis results from ice cores and ocean-sediment cores.  Radio-carbon dating (C14) provides added evidence for the past + 40,000 years as do topographic benchmarks such as the rise and fall of ocean or lake shorelines.  Tree ring and pollen analysis provide even greater evidence of weather and climatic effects and changes during the most recent post-glacial period, approximately the last 10,000-16,000 years.  
In his paper describing mega-vegetational shifts relative to the “prairie peninsula” that reached as far east as northwestern Pennsylvania, Transeau (1935:435) attributed the effects, in part, to a late postglacial prehistoric dry (xeric) period with more widespread and more prolonged drought conditions than during the 1930s.  He further states (page 437), that relative to geographic phases, the duration of the prehistoric drought could be estimated at several thousand years.

Transeau (1935:436) also pointed out that, relative to plant ecology, extremes of weather and climate are more important than the averages.  An extreme drought with low precipitation, high evapotranspiration, high temperatures, and more intense light (photoperiod) could change vegetation more in a few years than during a century of favorable weather conditions.  Using pollen data from wetland soil corings, McAndrews et al. (1967) and Shay (1967) delineated the xeric period described by Transeau as occurring approximately between 4,000 and 8,000 years ago, the period likely responsible for the “prairie peninsula” vegetation and soil development in post glacial times.  Archaeological evidence from middens and other cultural sites (Parmalee 1977) also provides evidence of when and what kinds of upland game birds may have been used by early North American peoples during the past 10,000 years, more or less.


Long-term periods (multiple-years) of relatively constant climate, whether wet, dry, cold or warm, will induce major changes in landscape-scale vegetation as evidenced by several sources of paleoclimatic data.  For example, McAndrews et al. (1967) and Shay (1967), using pollen analysis data from wetland soil-cores from North Dakota, determined that the upland vegetation currently present has been relatively similar for the past +4,000 years.  However, Bryson and Murray (1977:Chapter 3) determined from pollen analysis, potsherds, and bones in middens that the vegetation in Iowa shifted about 800 – 1,000 years Before Present (BP) or about 1200 A.D. from one dominated by trees and browsing deer to one dominated by grasslands and bison (Bison bison), which can survive drier climates.

Woodhouse and Overpack (1998), using published literature and multiple sources of paleoclimatic data, modeled spatial extent, frequency and duration of numerous mini- and mega-scale multidecadal duration droughts during the past 2,000 years, including the droughts of the 1930s, 1950s, and 1980s.  Soil moisture deficits during such drought periods can alter vegetation structure and species composition locally and regionally, including the prairie wetland basins where tall emergents like cattails (Typha spp.) provide abundant roosting and thermal cover for birds during winter.  At the end of their review paper, Woodhouse and Overpack (1998:2709-2711) provided some insights into future droughts using computer simulation modeling exercises based on prior paleoclimatic data sets.  They concluded that in assessing the possible magnitude of future droughts, two factors may compound the susceptibility of the Great Plains to future drought:  (1) human land use practices, and (2) the increased likelihood of drought due to global warming.  According to their review, general circulation models estimate that a climate change will accompany increases in tropospheric greenhouse gases (a doubling of atmospheric CO2) calculated to happen in the mid to late 21st Century.  They further state (pg. 2710) that model simulations indicate an earlier drying of soils in spring due to less snow cover in winter and warmer temperatures leading to a greater evapotranspiration to precipitation ratio during late spring and summer.  Drier spring conditions may coincide with a further decrease in summer precipitation and humidity and an increase in extreme weather events as a result of global warming.
The following scenario was extracted from a review and climatic modeling paper by Sorenson et al. (1998).  Temperature, precipitation, humidity, wind and evapotranspiration ratio patterns have natural variation trends, both temporally and spatially in central North America, all of which affect upland vegetation types and structure and upland game bird population numbers, survival, and reproductive processes.  Global climatic change, i.e., global warming, appears certain during the next 100 years or so with continued increased in atmospheric CO2.  Most general circulation models for central North America, where significant populations of pheasants, quail, partridge and grouse occur, show that a doubling of CO2 will likely result in temperature increases in the range of 2o to 5o C ( 3.6 o to 9o F) in winter and 1o to 4o C ( 1.8 o to 7.2o F) in summer.  Summer soil moisture will also decrease due to increased evapotranspiration rates.  Climatic modeling also suggests that the frequency of extreme weather events may increase, making a series of drought or wet years more likely.  In closing, their best guesstimate, is that drought events will be more frequent and severe during the next century in the northern Great Plains, and elsewhere in central North America.  Herein lies the justification for this white paper addressing some potential effects of global warming (including higher temperatures, lower humidity, greater frequency and duration of prolonged droughts, and the higher incidence of extreme weather events) on a select group of non-migratory upland game bird species and their primary landscapes or habitats.


Wuth respect to ring-necked pheasants (Phasianus colchicus), northern bobwhite (Colinus virginianus), gray partridge (Perdix perdix), sharp-tailed grouse (Tympanuchus phasianellus), and prairie chickens (Tympanuchus spp.), our main objectives were to:

(1) to identify the range of temporal weather parameters (e.g., minimum-maximum temperature, humidity, etc.,) that resident upland game bird eggs, adults or chicks can tolerate (survive);

(2) to summarize microhabitat weather parameters relative to nest, adult and chick survival and mortality within different vegetative types;

(3) to identify the potential effects of extreme weather events on select species of resident upland game birds; and

(4) to identify whether these species could adapt to any probable mega-shifts in vegetation, habitats or landscapes resulting from multiple years of drought conditions.
RESULTS
We reviewed over 150 published papers concerning the year-round welfare of a select group of North American upland gamebirds, with an emphasis on northern bobwhites and ring-necked pheasants.  The following summary should be viewed as an initial assessment product and not as a fully comprehensive document.
Eggs—Pre-incubation Temperatures
Upland gamebirds, including the northern bobwhite, ring-necked pheasant, and our native prairie grouse are in the Order Galliformes, and as such are termed precocial species.  Precocial birds are characterized by having relatively large clutches, large eggs, and prolonged incubation periods (usually 3 – 4 weeks).  Because the average clutch size is large (e.g., bobwhite = 13 to 14, pheasant = 8 to 11), the onset of incubation is delayed until all of the eggs in the clutch have been laid.  This delayed incubation means that all eggs in the nest usually hatch within a 24 hour timeframe.  If incubation were not delayed, the hatching of the eggs would not be synchronous, and could theoretically occur over a 1 to 2 week period, resulting in a longer exposure of the hen, chicks and eggs to inclement weather, and predation.  
In general eggs can tolerate colder temperatures prior to the onset of incubation, however, eggs are vulnerable to extreme cold and hot temperatures which can cause direct embryonic mortality or lower hatchability rates.  For instance, in northern bobwhites, blastoderm development (an early stage of embryonic development) occurs at 24.4o – 25.6o C (75.9o – 78.1o F) (Miller and Wilson 1975), and can be initiated by high ambient temperatures, prior to the hen’s initiation of incubation.  Subsequent exposure of the blastoderms to cool nightly temperatures may kill the developing embryo. Once a hen initiates incubation on one of these clutches, she may sit for weeks on a “dead” clutch, or may have only a portion of her clutch hatch, depending on the degree or length of exposure.  For example, ring-necked pheasant embryo survivorship was greater than 85% when exposed to 20o C (68o F) temperatures, but survival rates declined as temperatures became lower.  At 0o C (32o F) pheasant egg hatchability progressively declined with exposure durations from 3 – 7 hr (Webb 1897).   When cooled below 0o C, eggs quickly loose their viability, and at -6o C to -7o C (21.2o – 19.4o F) the embryo dies immediately (Moran 1925).  
Hyperthermia (high temperatures) reduces egg hatchability more strongly than does hypothermia in those species for which data are available.  Thus, thermal extremes during the egg-laying and incubation periods may have adverse affects on the embryos and/or the hatched chicks.  Webb (1987) indicated three possible outcomes from egg exposure to either extreme heat or extreme cold:  (1) death of the embryo, (2) sublethal teratogenic effects that may affect reproductive success later in life, or (3) exposure to cold or heat may retard embryonic development.  

Eggs—Incubation Temperature
Several authors have documented normal incubation ranges for bobwhites and ring-necked pheasants (Table 1).  Once incubation begins, variations in egg temperatures decline because of the increased presence of the incubating adult, and a more constant temperature in the 37o – 38o C (98.6o – 100.4o F) range is common among all gallinaceous birds.  As the egg temperature increases or decreases from this optimal range, the percentage of inviable eggs increases.  White and Kinney (1974) found that no embryos survived continuous incubation above 40.5o C (104.9o F) or below 35.0o C (95o F).
Table 1.  Egg temperatures (or ranges) during incubation for northern bobwhites and ring-necked pheasants.

Species


Temperature range


Source

Northern Bobwhite

37.0o – 40.6o C (98.6o -105.08o F)
Romanoff 1934





37.5o – 38.1o C (99.5o -100.58o F)
Wilson et al. 1979

Ring-necked Pheasant

37.0o – 40.6o C (98.6o -105.08o F)
Romanoff 1934





32.8o – 38.3o C (mean 35.9O C) 
Huggins 1941





(91.04o -100.94o F, mean 96.62o F)






36.1o C (96.98o F)


Westerskov 1956





33.3o – 36.8o C (91.94o -98.24o F)
Kessler 1960

Northern Bobwhites
The impact of variance in temperature extremes during incubation in northern bobwhites is well documented.  Much of the research has been conducted in the southeastern U.S. or in Texas where heat stress is often an issue relative to bobwhite productivity.  Lessons learned in these areas may be very applicable when predicting the impacts of global climate change.  Prolonged exposure of bobwhites to heat can cause:

· reduced hatchability  of eggs (Leopold 1933:297, Wilson et al. 1979)

· premature incubation and staggering of hatching dates (Stanford 1972)

· production of subnormal chicks (Yeatter 1950)

· death of young chicks from hyperthermia (Sumner 1935, Evans 1997)

· reduced chick survival by inhibiting foraging time (Goldstein 1984)

· reduced length of the laying season (Klimstra and Roseberry 1975, Guthery et al. 1988)

· reduced chances for multiple brooding (Guthery et al. 2000)

Moreover, excessive heat loads would be expected to act on at least 7 of 10 variables that govern bobwhite production (from Guthery and Kuvlesky 1998:540-541):
· proportion of hens that participate in reproduction

· the potential number of nesting attempts per hen

· effective clutch size

· length of the laying season

· survival of chicks

· survival of  adults

· the proportional distribution of successful nest starts in time

Drought is another important factor potentially limiting bobwhite productivity.  During drought periods in Texas, Hernandez et al. (2005) found that fewer hens nested, they laid fewer clutches, and they stopped laying earlier in the summer.  They also found higher mortality of adults and juveniles in drought years.  Stanford (1972) found that hot temperatures and drought during spring and summer equated to low production and high loss of eggs and young quail in Missouri.  He also noted that recovery from weather-related population reduction takes two to three years of favorable conditions.  In Missouri, bobwhites had two hatching peaks during the year (late May and early July) corresponding with first nesting attempts and renesting efforts.  In hot, dry years the peaks were delayed and depressed (lower productivity).
Heat is a major stressor on quail.  Spiers et al. (1983) found that bobwhites experienced physiological stress and increased evaporative heat loss at air temperatures of 35o C (95o F) and higher. He also found that adult Gambel’s quail (Callipepla gambelii) and scaled quail (Callipepla squamata) may die within two hours when exposed to temperatures of 45o C (113o F).

Ring-necked Pheasants

Numerous publications describe the effects of weather on pheasant productivity and survival from the egg, through chicks, to subadult and adult birds.  Yeatter (1950) found that hatchability of pheasant eggs was reduced by heat exposure during the pre-incubation period, and that hatchability decreased with higher temperatures.  He found that 70% of the heat-exposed eggs (exposed in the first 48 hrs of incubation) contained dead embryos. Yeatter (1950) also postulated that it was probable that the vulnerability of pheasant embryos to high air temperatures during the egg laying period has an important influence in limiting the southern distribution of the species.  On the other end of the temperature spectrum, Solomon (1984) reported that pheasant eggs in South Dakota exposed to temperatures of 29o F (1.67o C) or lower will freeze.  He also found that the peak nest initiation could be delayed because of cool springs; and that delayed initiation can cause pre-incubation eggs to be subjected to higher temperatures, thereby lowering hatchability rates.  Trautman (1982) provided similar data concerning pheasant nests in South Dakota.  He found that years with unseasonably warm temperatures (up to 94o F (34.4 o C)) or cool temperatures (as low as 28o F (2.2 o C)) in late April and/or May caused high losses in eggs (low hatchability), and very poor pheasant production in 1946, 1950, 1959, and 1964.  He also stated that low temperatures will freeze eggs or cause low levels of hatchability, whereas high temperatures may cause the onset of embryonic blastoderm development and subsequent death of the embryo due to night time chilling prior to incubation initiation.

Weather extremes can also pose problems for pheasant chicks.  In fact, newly hatched chicks exposed to low temperatures are much more vulnerable than eggs at any stage of incubation (MacMullan and Eberhardt 1953).  In laboratory studies Ryser and Morrison (1954) found that chick body temperatures are lower than adults living in the same thermal environment because they have a higher surface area/volume ratio that equates to higher heat losses.  They found that during days 2 – 15 of life, exposure to moderate cold (20o C (68o F)) resulted in substantial losses, from 2o – 4o C (3.6 o – 7.2 o F), of body temperature (hypothermia).  When they exposed 2 -3 day-old chicks to 30-minute repeated exposures of 20oC (68o F), the development of cold resistance was impaired, and they saw high rates of mortality.   Solomon (1984) found that 1 -2 day-old chicks exposed to 43o F (6.1o C) or lower for more than 30 minutes will die. 

Extremes in temperatures also can cause adverse impacts on adult birds.  The energy needs for adult pheasants are 33% higher in December than in October due to the colder temperatures.  Adult birds can use stored body fat for about 3.5 days as an emergency supply in case of a blizzard, but storms or prolonged cold and deep snow beyond that period will result in increased mortality rates. Birds also have less daytime to forage during the winter months (must consume 20% more in 25% less time) because the nights are 25% longer.  By January, energy needs are 100% higher (double) than in October, just for maintenance.  Birds die when they lose 60% of body weight, and most winter mortality is due to freezing rather than to starvation.  This emphasizes the need for good roosting cover near food sources (Solomon 1983).  Blizzards can be devastating; in the South Dakota blizzard of March 2-5, 1966, as many as 86% of pheasants in several counties were killed (Trautman and Fredrickson 1967).  The increasingly chaotic nature of weather patterns will potentially increase the frequency and intensity of blizzard events, thereby resulting in local or regional population crashes on an increasing basis.  Recovery from events such as this takes about 2 -3 continuous years of favorable conditions (L.D. Flake, personal communication, Stanford 1972).  

Excessively high summer temperatures can also cause mortality in adult pheasants.  Trautman (1982) reported that prolonged air temperatures above 102o F (38.9o C) can cause mortality in adults.  He also indicated that, during the hot periods of late July and August, post-breeding, molting hens are prone to higher mortality due to the stresses of egg laying, brooding, and feather replacement.  Pheasants are persistent renesters, and will initiate up to 3 nests in a season if previous ones have failed.  Based on an ovarian follicle morphology study in South Dakota during the years of 1963 – 1967, Dahlgren et al. (1974) found that hens with broods laid an average of 26 eggs per year.  
Prairie Grouse
Greater prairie chickens and sharp-tailed grouse also may be impacted by global climate change.  The incubation parameters for grouse eggs are very similar to those of pheasants in terms of incubation temperatures and the affects of temperature fluctuations during egg-laying and incubation stages.  The reproductive period for native grouse is more restricted than for pheasants and is limited to spring and early summer (Yeatter 1963).  Although prairie grouse are capable of, and do initiate renests, they are generally more reliant on their first nesting attempt to account for the year’s reproductive output (Norton 2005).  Furthermore, renesting rates are even lower if prairie grouse nests are destroyed or abandoned beyond the mid-point of incubation.  This reliance on first nesting attempts by native grouse emphasizes the need for secure nesting cover that is residual from the previous year’s growth.  Obviously, hot and dry conditions during the summer growth period will negatively affect vegetative growth, thereby reducing the subsequent year’s nesting cover and reproductive success.  The increased periodicity and severity of drought events due to global warming may pose a serious threat to the sustainability of huntable prairie grouse populations.  Additionally, improper grazing, cropping, and other land-use factors will act in an additive manner to reduce the quality of prairie grouse habitats.
Invasive Exotics

The impacts of climate change will also affect the role of invasive exotic species on our environments, and ultimately on wildlife populations, including upland game birds.  These unwanted exotic species are numerous and include plants (e.g., leafy spurge (Euphorbia esula), Canada thistle (Cirsium arvense)), vertebrate animals (e.g., Eurasian collared-doves (Streptopelia decaocto), European starlings (Sturnus vulgaris), Asian carp), and a host of invertebrates (e.g., zebra mussels (Dreissena polymorpha), red imported fire ants (Solenopsis invicta)).  As an example, red imported fire ants are thought to have had an impact on bobwhite populations in the south-central and southeastern United States.  Red fire ants affect bobwhites both directly and indirectly by altering the balance of the native invertebrate community on which bobwhites and other native wildlife rely for food.  It has been shown that although fire ants do not reduce nest hatchability (Mueller et al. 1999) they do reduce the survival of chicks and broods (Giuliano et al. 1996, Mueller et al. 1999).  Moreover, Allen et al. (1995, 2000) found that bobwhite population trends declined in counties in Texas in the years following infestation with red fire ants while 16 uninfested counties showed no declining population trends.  Based on experimental treatments, it has also been shown that bobwhite densities are higher on sites where fire ants have been controlled (Allen et al. 1995).
The impacts of invasive exotics may be even more dramatic in their affects on community structure.   Porter and Savignano (1990) found that areas infested with red fire ants had a 70% reduction in species richness of the native ant fauna and a decline of 90% in the total numbers of native ants.  After infestation, there was a 10- to 30-fold increase in total ant numbers, but >99% of the individuals were red imported fire ants.   The impact on the native non-ant arthropods was just as dramatic: the numbers of isopods, erthraeid mites, and tumblebug scarabs declined significantly while the numbers of ground crickets and cockroaches increased significantly.  Overall species richness of non-ant arthropods was 30% lower and the total number of individuals was 75% lower at infested sites.  Given the importance of insect abundance for laying hens and early-stage chicks, the impact of red fire ants on quail populations is potentially severe.  The prospect of an expanding distribution of fire ants and other invasive exotics due to climate change throws another wrinkle of uncertainty into the future of our upland game bird populations.
Drought and Extreme Weather Events, Including Winter

Based on a long-term (1956-1970) data set for Illinois, Edwards (1972) deduced that, in general, bobwhite quail populations appeared to be adversely affected (reduced) by heavy winter snowfall, a combination of low temperature and high precipitation in late winter and spring, heavy summer rains, and drought in summer and fall involving a combination of high temperatures and low precipitation.  Others (e.g., Scott and Baskett 1941, Yeatter 1950, Kirsch 1951, Linder 1972, Ruth 1972, Baxter and Wolfe 1973, Trautman 1982, Warner and David 1982, Riley 1995, Perkins et al. 1997, Warner et al. 2000) have reached similar conclusions for ring-necked pheasant populations.

As pointed out earlier in this report, there is general agreement that global warming will effect more frequent and extended periods of drought conditions and more frequent extreme weather events.  Based on our review of over 150 published articles, we found that that there was general consensus that moderate to severe drought conditions reduced the annual production capabilities of pheasants, quail, prairie grouse and gray partridge, either within or among multiple years.  In contrast, we found greater variability among reports addressing rainfall and extreme weather events other than drought; however, much of the variability could be attributed to geographical differences in weather.  For example, the catastrophic effects of blizzards, ice storms, and/or extremely cold periods that occur fairly often in the northern Great Plains and Midwest seldom, if ever, occur in the more southerly limits of bobwhite quail (e.g., Florida).  Any attempt to assess the individual effects of precipitation, temperature, humidity, drought indices, etc., are further compounded by their composite, indirect effects on habitat components, food resources, and bird health and physiology, all of which affect bird survival and reproduction.

Because none of the resident upland game birds in this report are migratory, any short-term management efforts implemented for the purpose of ameloriating the negative effects of drought or extreme weather events need to be applied locally.  For example, woody plants (e.g., wind breaks) can provide shelter during blizzards or heavy snow events (Lyon 1959, Buckmann 1967, Hunt 1974, Schneider 1984, Kuehl and Flake 1998) or shade during excessive heat (Mohler 1959, Hanson and Labisky 1964, Johnson and Guthery 1988).  Herbaceous vegetation (ground cover) can also reduce temperatures via shading (Forrester et al. 1998) and some recent studies in South Dakota demonstrated differentials in nesting covert temperatures depending on the plant species in the stand (cool-season vs. warm-season vs. mixed-species plantings) (Rohfling 2004, Rock 2006, Hankins 2007).  Food plots (Gabbert et al. 1999 and 2001) and tall emergent vegetation in wetlands (Sather-Blair and Linder 1980, Schneider 1984, Larsen et al. 1994) also provide thermal cover in winter and shade in hot weather in addition to being abundant food sources during inclement weather (Johnson 1973).


Unlike with short-term management scenarios to offset negative effects of inclement or extreme weather events on non-migratory upland game birds, there is a paucity of information about long-term management scenarios for lengthy (multiple-years or decades of global warming) weather effects with an emphasis on spatial or temporal drought on these upland game bird species (Guthery et al. 2000).

Potential Future Impacts of Global Warming on Biota:  Some Research and Management Scenarios and Strategies


Paleoclimatic evidence shows that climate on earth has been variable for thousands of years.  While the current trend of global climate toward warmer temperatures is of concern (Morse et al. 1995), it is the high rate of change, in part due to human influences, that poses the greatest impact on vegetation distribution, dispersal, and plant species diversity which in turn will impact the occurrence of non-migratory upland game birds.  Some estimates suggest that the current rate of temperature change may be as much as 10 times higher than in any past periods of global climate change for which there is evidence of one kind or another.  On one hand, we already know that warmer-drier climates equate to shallower soils and shorter vegetation types on a regional basis (e.g., short grass, tall grass and mixed prairie regions in North America).  We also know from published records and research from the past 100 years or so, that none of the non-migratory upland game bird species except the heath hen (Tympanuchus cupido cupido), whether introduced (pheasants and grey partridge) or native (prairie grouse and bobwhite quail) have become extinct during multiple-years of drought (e.g., the 1930s) or due to extreme blizzards, snowfall, ice storms, floods, or snow-cover depths.  The distribution and/or abundance of these game birds may have been greatly reduced due to these extreme weather events, but the majority of the species have survived.  Thus, we have evidence to be reasonably optimistic that upland game birds should be able to adapt and survive the short-term effects of global warming; however, due to a lack of information, we are less certain of their response in the face of significantly more rapid changes in weather or climate, whether regional or global, than occurred in the past.  Over the short term, there is reason to believe that upland game populations may be negatively impacted with the increase in chaotic weather events.  For example, in Missouri high temperatures and dry spring/summer conditions resulted in poor bobwhite reproductive effort; likewise cold winters and/or deep snow reduced the adult breeding population and also resulted in poor overall reproductive effort (Stanford 1972).  Population recovery from these events took two to three consecutive years of favorable conditions.  Given the chaotic nature predicted for severe weather events in the future, the probability of two to three consecutive years of favorable weather conditions will, in all likelihood, be reduced.


As conservationists, we should accept the evidence that global warming is occurring and, as such, we should probably take the attitude of expecting a worst-case-weather-scenario and develop research and management strategies to preserve populations of upland game birds.  Assuming a more rapid rate of global warming, in combination with the extensive amount of past and present conversion of grasslands, woodlands, and wetlands to annually tilled croplands, bird species adjustments or survival will be less predictable.  In a landscape that is largely fragmented, it may be more difficult for most plant and non-migratory animal species, including most upland game bird species, to adjust their distributions due to their limited dispersal capabilities.  Thus, early detection of each species’ vulnerability to a rapidly changing climate and to ever-changing landscapes will enhance the development and implementation of future conservation research and management strategies.

Most non-migratory upland game birds exist in a more-or-less “boom or bust” population cycle in which the shelter and food resources (e.g., insects) are largely dependent on vegetation ecology and habitats that are managed to produce food, fiber and oil-seed products for ever-increasing human populations, all of which is largely dependent on the weather.  In the face of future drier and warmer climate, we should also surmise that there will be, not only climate-induced reductions in farm crop yields and production, but also a higher demand for crop products to sustain a larger human population and to produce alternative energy products (e.g., ethanol and soy-diesel products).  Collectively, these demands will equate to (1) less cropland retirement acres such as exist in the current Conservation Reserve Program lands, (2) greater pressure to convert native grasslands, wetlands, and woodlands into annually-tilled croplands, and (3) more irrigated row crop acres which have lower bird production capabilities.

SUMMARY RECOMMENDATIONS

The goal of our literature review and this paper was to provide a synoptic assessment of the potential impacts that global climate change would have on a select group of non-migratory upland game birds, with an emphasis on ring-necked pheasants and bobwhite quail.  Assuming that the climatic and global warming modeling projections are moderately to largely accurate, we can expect some measurable environmental changes in vegetation and landscape land use practices during the next 50 to 100 years which in turn will impact resident upland game bird populations in at least eight ways.  Based on our findings and our current insights, we offer the following summary scenarios:  relative to drought (i.e., warmer and drier conditions):
(1) the geographical core area (sweet spot) of the primary production zone for non-migratory (resident) upland game birds may shift to more northerly latitudes;

(2) some birds may not attempt to nest at all, whereas others may not attempt to renest following prior nesting failures;

(3) egg hatchability may be reduced due to low humidity or high temperature effects on egg shells and membranes or embryo mortality while in the egg;

(4) clutch sizes may be reduced due to poorer food and water resources;

(5) lower rates of nesting success due to less and/or poorer quality nesting cover which can affect predator access or effectiveness and/or the microclimate relative to nest placement;

(6) lower rates of chick or brood survival, negatively affecting the fall populations and the following year(s) breeding pair populations;

(7) increased stressors may cause additional effects on bird physiology and immune system processes resulting in greater susceptibility to disease; and

(8) shifts in exotic and/or noxious plants (e.g., leafy spurge) or animals (e.g., fire ants) or predators (e.g., Virginia opossums (Didelphis virginana)) or buffer prey species (e.g., black-tailed jackrabbits(Lepus californicus)) could also affect different species of resident upland game birds in various ways, either negatively or positively.

Recommendations for Future Research

(1) Gather additional and more detailed baseline data regarding microclimate elements affecting egg hatchability, clutch size (number and weight), and embryo, chick, and adult bird mortality and survival.

(2) Gather more detailed baseline data regarding microclimate elements pertaining to habitat types, cover at nest sites, and upper soil layers and litter.  Coordinate these microclimatic measures with recommendation 1 (above).

(3) Develop spatial and temporal landscape habitat and land use (including croplands) assessment and monitoring programs, perhaps jointly with EROS Data Center staff using Landsat or other aerial photography or with USDA-Agricultural Statistics sampling protocols.

(4) Coordinate with experts in other disciplines to determine potential effects of global warming on critical features of ecology related to birds such as food resources (e.g., insects), predators, exotic and noxious biota, disease, etc.
(5) Conduct integrated climatic change modeling exercises with an emphasis on biological and population attributes relative to bird species maintenance and productivity similar to recent efforts concerning wetlands and waterfowl.

(6) Determine estimates of what constitutes minimal viable populations and their needs to prevent extinction.

(7) Organize periodic symposia addressing progress and needs of research and management relative to sustaining upland game bird populations during drought or extreme weather events inclusive of the compilation and publication of symposia papers.
Future Species Vulnerability Studies

As a part of unified, regional research programs: 
(1) Conduct multiple synchronized research studies regarding individual species mortality, physiology, and reproductive attributes (e.g., individual body mass, egg size and weight, egg hatchability, clutch size, brood sizes, sex and age ratios, duration of nesting seasons, etc.) correlated with elements of weather (e.g., temperature, humidity, evapotranspiration, wind, snow fall, rainfall, etc.).
(2) Conduct year-round studies of food habits and food resource availability (e.g., insects) and changes relative to habitat types and changing weather elements for each species.

(3) Conduct studies of bird response, ecology, and behavior relative to changes in landscape features, including habitat types, size, structure, connectivity, and patterns.

(4) Ensure that potential patches and corridors of habitat are present either through local, state or federal programs to facilitate bird dispersion.

(5) Provide for interdisciplinary research including but not limited to climatology, entomology, botany, range science, wildlife, soil science, forestry, agriculture, geography, and landscape ecology.

(6) Integrate geographic information system (GIS), landscape ecology, and vegetation and animal modeling techniques with climate/weather modeling exercises.

Finally, it was very apparent during the early stages of this project that most of the published information and data were collected with a variety of methods and protocols that were very dissimilar through time and among geographical landscapes.  To address an issue as significant as the potential effects of global warming on the future welfare of non-migratory game birds, we highly recommend a coordinated and unified approach involving dozens of university and natural resource agency staffs collecting baseline information on birds, habitats, climate, etc., during a specific time period.  Perhaps this effort could be combined with concurrent studies of other wildlife species such as waterfowl and passerine species.
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