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Appendix 1.  Continued. 
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Appendix 1.  Continued. 
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Appendix 2.  Overview of cane ecology and management. 

 

Management of Cane in Bottomland Hardwood Forests 

Paul Gagnon, Louisiana State University 

 

Canebrakes provide critical habitat for numerous bottomland hardwood forest species (Platt et al. 

2001).  A century ago, canebrakes were known as a last refuge for black bears, Florida panthers 

(Puma concolor subsp. coryi) and other game species (Roosevelt 1908).  Canebrakes are still 

prime habitat for the threatened Louisiana black bear and several migratory birds including 

American Woodcock (Scolopax minor), Swainson’s Warbler (Limnothlypis swainsonii) and 

Hooded Warbler (Wilsonia citrina) (Thomas et al. 1996, Moorman et al. 2002).  The rare and 

possibly extinct Bachman’s Warbler (Vermivora bachmanii) and at least six satyrine and skipper 

butterflies are also considered cane obligates (Remsen 1986, Brantley and Platt 2001). 

 

Ecology of Canebrakes 

Cane (Arundinaria gigantea) is the only bamboo native to the United States.  Cane can be 

divided into two subspecies (Judziewicz et al. 1999).  Switch cane (A. gigantea tecta) is the 

short-stature (typically < 2 m) subspecies found along the Atlantic and Gulf Coastal Plains.  

Giant cane or river cane (A. gigantea gigantea) is the larger subspecies, frequently producing 

culms 5 to 6 m tall and occasionally 8 m in fertile soils.  Giant cane is found in bottomlands and 

along creeks and ravines throughout the southeastern United States including the Mississippi 

Alluvial Valley (MAV).  Within the MAV, canebrakes occurred primarily on the highest ground 

along ridge-tops and levees (Platt and Brantley 1997).  Today cane can be found growing on 

virtually any ground not subject to prolonged inundation (Marsh 1977).  Cane attains its largest 

size on the most fertile soils, and common lore among early settlers was that the ground under 

the biggest cane grew the best crops (Platt and Brantley 1997).   

 

Like many bamboos, cane grows clonally for years before it flowers and dies (Hughes 1951, 

Judziewicz et al. 1999).  The time it takes for a cane seed to germinate, grow to full size, flower 

and die is unknown.  The interval may be 20 years or more, which is typical of woody bamboos 

(Judziewicz et al. 1999).  Cane can flower as individual culms, in small patches, or en masse.  
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Sparse or isolated flowering typically leads to little or no seed-set (Gagnon 2006).  In contrast, 

large-scale flowering can produce millions of fertile grains, which sprout the same growing 

season they are produced, cane seedlings being inconspicuous and resembling many small 

understory grasses (Hughes 1951).  Additionally, juvenile cane plants grow for several years 

before culms attain full-size (Gagnon 2006). 

 

Like all bamboos, cane is a giant forest grass (Judziewicz et al. 1999).  Stands of cane inevitably 

decline in the deep shade of closed forest canopy, although sparsely distributed stems can persist 

for years in such an environment.  Cane stands need at least partial sunlight to maintain dense, 

canebrake-like structure; however culms of giant cane grow tallest in shade. Whereas, culms are 

shorter but grow more densely in full sunlight (Gagnon 2006).  Hughes (1957) concluded that 

stands of switch cane in North Carolina gradually declined after several years of vigorous 

growth, and stands of giant cane in the MAV appear to follow a similar pattern.  However, this 

decline can be avoided or reversed if cane is periodically burned (Hughes 1958, Gagnon 2006). 

 

Ecological disturbances appear to dictate much about cane’s clonal growth.  Over ecological 

time, natural and human-caused disturbances were prevalent and diverse in the MAV.  

Tornadoes, hurricanes, violent thunderstorms and ice-storms all knocked down forest canopy.  

Flooding from the Mississippi River and its tributaries damaged forests, as did flooding from 

beaver dams.  Fires (whether natural or anthropogenic) were also occasional disturbances.  With 

its capacity for rapid clonal growth, ability to persist in shade, and preference for higher-light 

environments, cane could potentially exploit virtually any forest gap in the MAV on non-

inundated land. 

 

RESTORING CANEBRAKES 

There are essentially three possible pathways for restoring canebrakes in the MAV.  The first 

way is to restore already-present but sparsely growing cane.  The second is via vegetative 

propagation – full-sized cane or rhizomes can be transplanted from another location.  The third is 

to plant cane from seeds collected elsewhere.   
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Canebrake restoration can be straightforward when diffusely-growing cane is already present. 

The cane may only need a more favorable environment to form dense thickets.  At least partial 

sunlight is critical for development of cane thickets.  At best, cane growing in deep shade will 

persist for years as occasional, sparsely-distributed stems.  In such cases, thinning the overstory 

can promote the growth of higher-density cane stands.  Cane is somewhat shade tolerant, and on 

a favorable site it can grow into high-density patches in the forest gaps commonly left by 

uneven-aged silviculture.  Expansive canebrakes, however, require large canopy gaps or a 

sparsely stocked overstory. 

 

Increased light alone will not ensure the persistence of canebrakes.  Hughes (1957) reported that 

stands of switch cane naturally senesced after a period of years, and a study of giant cane in the 

MAV yielded a similar result (Gagnon 2006).  Hughes (1957) suggested burning stands of 

switch cane at intervals of 7 to 10 years to maintain them at high density.  Giant cane in the 

MAV likewise benefits from this treatment (Gagnon 2006).  Burning simultaneously stimulates 

vigorous sprouting of new cane culms, returns nutrients to the soil, and reduces competition from 

other plants.  Where stand densities are too sparse for fire to spread naturally, or where natural 

fires are likely to be outside of management prescriptions, cane can be cut, dried in place for a 

week or two, and then burned.  Where prescribed burning is not feasible for reasons of policy or 

logistics, cutting cane without burning it may offer some, though not all, of the benefits.  

However, this has not been tested experimentally.  A combination of overstory thinning and 

periodic prescribed fires should maximize cane vigor and stand density. 

 

Where cane is not already present on a site, it can be transplanted from elsewhere.  This method 

of canebrake restoration has met with mixed results.  One experienced source who has overseen 

both failed and successful cane transplantations suggests that rhizomes be transplanted as large 

root wads (30-45 cm in length) with as much intact soil as possible (Kelby Ouchley, personal 

communication).  When transplanting root wads, Ouchley urges great care be taken to avoid 

introducing invasive competitors.  Even well-established cane can be drought sensitive.  

Transplanted cane will survive and establish better if irrigated during dry periods.  Reliable 

establishment from rhizomes may take 2 or more years.  Ouchley speculates that difficulty 

Page 475 of 804



establishing cane on reclaimed agriculture fields may result from the absence of some critical 

mycorrhizal symbiont.  More research on this aspect of cane biology is needed.   

 

One cane restoration project in Missouri used cane transplanted in two-gallon root wads.  After 

two years, the cane had established and was spreading, despite substantial competition from 

vines (Shively et al. 2002).  Each transplanted soil wad originally had 1-4 attached culms.  Some 

were treated by cutting off all culms prior to transplanting.  These produced fewer new culms 

and survived less frequently than those transplanted with culms intact.  Cane growth accelerated 

in the year after a flood temporarily inundated it under as much as 4.5 m of water.  The authors 

speculated that cane growth accelerated because the flood reduced vine competition.   

 

Cane can be transplanted as individual rhizomes if treated appropriately.  A series of studies in 

southern Illinois used cane rhizomes cut into lengths of 20-30 cm, planted into greenhouse pots 

and treated with a regimen of frequent water misting (Zaczek et al. 2004, Hartleb and Zaczek in 

press).  After one month in the greenhouse, more than three-fourths had sprouted at least one 

culm.  Rhizome segments with 10 or more nodes sprouted more culms than rhizome segments 

with fewer nodes. Rhizomes collected in early spring outperformed those collected in either fall 

or late winter, but fall- and winter-collected rhizomes still sprouted frequently.  Transplanted to 

restoration sites, culms from these sprouted rhizomes had established and spread substantially 

after 3-4 years.  Although competition from other plants influenced cane growth after 

transplantation, pre-treating the restoration site with herbicide to kill competitors did not improve 

cane success.  In the study, establishment success varied significantly by both donor sites and 

transplantation sites.  After testing several transplantation methods, the best was to plant each 

rhizome distal-end up with multiple nodes and buds above ground level and exposed to light.  

Using this method, sprouting rates exceeded two-thirds even for rhizomes stored for one month 

in moist refrigeration.  Results suggested that successful transplantation is possible even without 

first sprouting rhizomes in a greenhouse (J. Zaczek, personal communication). 

 

Successful establishment of transplants is only the first step toward full canebrake restoration.  

As described above, established cane requires at least partial sunlight and periodic disturbance to 

attain canebrake-like stand structure. Eventually, long-term re-establishment of cane on a given 
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site will require successful flowering and seed production.  Existing evidence suggests that out-

crossing may be necessary for successful seed set.  Long-term restoration success from 

transplanting may require that multiple genetic individuals eventually flower in-phase years later.   

Cane can be reintroduced from seed. Cane flowers infrequently, and procuring a large quantity of 

viable seeds may require some luck and good contacts where cane is abundant.  With that said, 

cane flowers more frequently than a casual observer is likely to notice.  Where cane is prevalent, 

widely scattered pockets of it may be flowering during any given spring or summer (Hughes 

1951).  Unfortunately, many of these scattered flowerings do not frequently set fertile seed 

(Gagnon 2006).  Occasionally cane can be found flowering en masse.  These events may produce 

millions of plump, fertile grains in the late spring.  Instead of producing the usual flush of new 

leaves in the early spring, flowering cane will appear straw-brown as though dying.  Upon closer 

inspection, flowering culms will be covered with inflorescences resembling heads of rice or 

wheat.  In Louisiana, cane seeds ripen in late April or early May.  This timing may be later 

farther north in the MAV. Cane seed-heads progress quickly from green to ripe.  Once ripe, 

heads shatter easily and drop seeds in even a slight breeze (Hughes 1951), so frequent 

monitoring of flowering patches is necessary if collecting ripe seed is a goal.   

 

Cane seeds can be planted by pressing them lightly into moist soil.  Cane seeds have no 

dormancy, and the best germination rates result from planting soon after seeds are harvested.  

Even so, some seeds should remain viable for a year or more if sealed and refrigerated – in one 

instance 50% of seeds sprouted after18 months in refrigerated storage (M. Cirtain, unpublished 

data).  Chances of success are maximized by planting seeds in moist, well-drained soils (Cirtain 

et al. 2004) under partial shade (Gagnon 2006).  Seedlings can also be started in a greenhouse 

and then transplanted out the following growing season (Cirtain et al. 2004).  Seedlings are 

susceptible to drought and do best in soil with an organic component.  Accounts conflict whether 

cane seedlings benefit from fertilization (Hughes 1951, Cirtain 2004).  Growth of cane seeds into 

adult plants is undocumented, but most bamboos require 3-7 years to reach full size (Judziewicz 

et al. 1999), and cane appears to follow a similar pattern (Hughes 1951, Gagnon 2006).  Without 

careful monitoring, cane seedlings are inconspicuous, and positive results may require five or 

more years to manifest.  Planting a large number of cane seeds may be the best way to ensure 

long-term canebrake restoration.  The seedlings will grow up as a cohort and should be in-phase 
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for flowering when that time comes years later.  Cane seedlings are somewhat shade tolerant, but 

to attain dense stand structure they will need at least partial sunlight and periodic disturbance as 

they mature. 
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Appendix 3.  Desired forest conditions for bottomland hardwood forests within the 

Mississippi Alluvial Valley (metric units). 

 

Forest variables 1 

 

Desired stand structure 
Conditions that may warrant 

management 

Primary Management Factors 

Overstory canopy cover  60 – 70 % >80% 

Midstory cover 25 – 40 % <20% or >50% 

Basal area 13.7 – 16 m2/ha   

with ≥25% in older age classes² 

>20.6 m2/ha 

or ≥60% in older age classes 

Tree stocking 60 – 70 % <50% or >90% 

Secondary Management Factors 

Dominant trees³ >5/ha <2.5/ha 

Understory cover 25 – 40% <20%  

Regeneration4 30 – 40% of area <20% of area 

Coarse woody debris 

(>25cm diameter) 

≥14 m³/ha <7 m³/ha  

Small cavities  

(hole <25cm diameter) 

>10 visible holes/ha  or 

 >10 “snag” stems/ha ≥ 10cm dbh  

or ≥5 stems/ha > 51cm  dbh 

<5 visible holes/ha  

or <5 snags/ha ≥ 10cm dbh 

or <2.5 stems/ha ≥ 51cm dbh 

Den trees/large cavities5  

(hole >25cm diameter) 

One visible hole/4 ha  or  

≥5 stems/ha ≥ 66cm  dbh 

(≥1.8 m² BA/ha ≥ 66cm  dbh) 

No visible holes /4 ha 

or <2.5 stems/ha ≥ 66cm dbh 

 (<0.9 m² BA/ha ≥ 66cm dbh) 

Standing dead and/or 

stressed trees 5 

>15 stems/ha ≥ 25cm dbh 

or ≥5 stems/ha ≥ 51cm dbh 

(>0.9 m² BA/ha > 25cm dbh) 

<10 stems ≥25cm dbh/ha 

or <2.5 stems/ha ≥ 51cm dbh 

(<0.5m² BA/ha ≥ 25cm dbh) 
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Appendix 3.  Continued. 
 
1 Promotion of species and structural diversity within stands is the underlying principle of 

management.  Management actions should promote vines, cane and Spanish moss within 

site limitations.   
2 We view “older age class” as those stems approaching biological maturity.  We do not advocate 

coring for defining age but instead using species/site/size relationships as practical 

surrogates to discern age. 
3 Dominants (a.k.a. emergents) should have stronger consideration on more diverse sites, such as 

ridges and first bottoms. 
4 Advanced regeneration of shade-intolerant trees in sufficient numbers (ca. 1,000/ha) to ensure 

their succession to forest canopy.  Areas lacking overstory canopy (i.e. group cuts) should 

be restricted to <20% of stand area. 
5 Utilizing BA parameters allows the forest manager to maintain this variable in size classes most 

suitable for the stand, versus pinpointing specific size classes as noted. 
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Appendix 4.  Example of a forest inventory designed to assess habitat conditions. 

 

PROSPECTUS FOR IVORY-BILLED WOODPECKER HABITAT ASSESSMENT 

 

Randy Wilson, Kenny Ribbeck, Jeff Denman, Eric Johnson, Martin Blaney, and Chuck 

Hunter with statistical assistance from Ken Reinecke 

 

BACKGROUND: In 1942 James Tanner provided the most comprehensive life history account 

of the Ivory-billed Woodpecker (IBWO) throughout its historic range and the only in-depth, 

ecological investigation conducted on a population of IBWO.  Tanner’s observations of the 

Singer Tract population of IBWO led him to hypothesize that foraging habitat was the limiting 

factor of habitat occupancy and possibly of population growth.  Tanner went on to describe 

foraging habitat as recently dead trees (<4 years) with 84% of the foraging observations 

occurring on trees 12-36 inches in diameter.  Unfortunately, this is the only published work 

detailing habitat characteristics associated with the occupancy of IBWO.  

 

Since Tanner’s publication, there have been numerous reports of IBWO sightings across the 

southeast, but none have had the benefit of being confirmed by a series of “re-sightings” or by 

locating a “base-activity” site (i.e., roost or nest site).  The confirmed rediscovery of the IBWO 

in the Cache/Lower White River basin of Arkansas has set in motion a series of conservation 

actions.  Key among these activities is the continued search effort led by Cornell Lab of 

Ornithology.  As the Cornell staff and their partners continue to search and document evidence 

(e.g., sightings and sound recordings), it is imperative that a concurrent habitat inventory and 

assessment be conducted to facilitate the search efforts and to document existing habitat 

conditions. 

 

OBJECTIVE:  The purpose of this inventory is to quantify current habitat conditions on public 

lands within proximity to recent Ivory-billed Woodpecker (IBWO) sightings and audio 

recordings and areas perceived to likely harbor IBWO based on local land manager knowledge.  

These data will then be used to: (1) develop a spatially-explicit decision support model to 
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facilitate search efforts, (2) provide ground-truth data to enhance accuracy of remotely-sensed 

data, and (3) provide land managers with a basis for making management decisions.  

 

STUDY AREAS:  The areas to inventory include public lands in proximity to previous sightings 

and audio recordings in the Big Woods area of eastern Arkansas; which includes the Bayou 

DeView area of Cache River National Wildlife Refuge, Jacks Bay and Prairie Lake area of 

White River National Wildlife Refuge and the entirety of Dagmar Wildlife Management Area.  

Additionally, time and manpower permitting we propose to inventory additional areas perceived 

to be providing “suitable” IBWO habitat based on local land manager knowledge.  These 

additional areas potentially include: other areas on White River National Wildlife Refuge and 

Cache River National Wildlife Refuge, Bayou Meto Wildlife Management Area, Wattensaw 

Wildlife Management Area, Rex Hancock/Black Swamp Wildlife Management Area, and Henry 

Gray/Hurricane Wildlife Management Area. 

 

SAMPLING FRAMEWORK:  This habitat inventory will cover bottomland hardwood forest 

(excluding reforestation and bodies of water [e.g., oxbow lakes]) within the boundaries of the 

individual Wildlife Management Areas and National Wildlife Refuges previously identified.  

Within these public lands, the inventory will focus primarily on areas with evidence of IBWO 

existence (e.g., sightings and or auditory recordings): Bayou DeView area (ca. 10,000ac) of 

Cache River NWR, Jack’s Bay and Prairie Lakes region (ca. 60,000ac) of White River NWR, 

and the entirety of Dagmar WMA (ca. 10,000ac).  However, additional areas (ca. 10-20,000ac) 

may also be assessed in a preemptive manner to facilitate search efforts to locate the bird(s). 

 

Due to the large acreage of interest, the inventory will be sample-based.  That is, sampling effort 

will be allocated and conducted in such a manner to reduce the amount of time, manpower cost, 

and potential disturbance, all the while maintaining a level of statistical precision in the data.  To 

accomplish this, individual management compartments within the area of interest will be broken 

down into homogenous stands approximately 500 acres in size (Fig. 1).  Each management 

compartment and stand will be digitized to create a GIS shapefile for use in the allocation 

process, as well as, in analysis of the data.  
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Figure 1.  Schematic demonstrating: (A) the delineation of management compartments within a 

management area; and (B) the delineation and allocation of sampling units within stands across a 

management compartment. 

 

SAMPLE SIZE DETERMINATION: As with any sampling effort, there are trade-offs in 

terms of cost (e.g., number of samples and manpower) and the reliability of the data.  That is, 

collect too few samples and the data lack statistical power to provide precise parameter 

estimates. Whereas, on the other extreme, there is a point where no additional precision can be 

obtained regardless of the number of samples taken.  One means of assessing these trade-offs is 

to examine pilot data collected from the area of interest to generate summary statistics that 

provide insight into distributional properties of the data.  In particular, the coefficient of variation 

(CV) is the population quantity on which sample size depends when one desires to control the 

relative precision of the data (Thompson 1992; Sampling. John Wiley and Sons Inc. 343pp). 

To facilitate the determination of sample size requirements for conducting habitat inventories for 

Ivory-billed Woodpeckers (e.g., the density of large diameter trees [≥24inches]; density of 

dead/dying trees), pilot data from White River NWR was subjected to sensitivity analyses to 

assess precision (i.e., stability of coefficient of variation values) under different sample sizes.  To 

accomplish this, we subjected the pilot data (n=15 clusters of 5, 1/5th acre plots) to simulation 

models that randomly selected clusters of points at varying sample sizes and generated summary 

statistics for the parameter of interest (e.g., density of trees ≥24 inches in diameter at breast 

height [dbh]).  In these simulations, CV values were calculated for sample sizes of 2, 3, 4, 5, 6, 8, 
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and 10 clusters by randomly selecting clusters and then replicating the procedure 10 times. 

Simulations resulted in the calculation of 10 CV values for each sample size (Fig. 2).  The 

simulations revealed great variation in precision estimates (e.g., CV values) for sample sizes ≤3; 

whereas sample sizes ≥6 demonstrated little variation in the precision estimates (Fig. 2).  

Precision estimates calculated for sample sizes of 4 and 5 clusters were similar in the amount of 

variation expressed in the replicates and also produced acceptable levels of precision (i.e., none 

exceeded 15%). 
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Figure 2.  Sensitivity analysis to assess implications of sample size (e.g., number of clusters) on 

the coefficient of variation for density of large trees (≥24inches dbh) based on pilot data from 

White River NWR. 

 

Given the current funding constraints, availability of manpower, the large area of interest in the 

Big Woods of Arkansas (Cache River NWR, White River NWR, and Dagmar WMA) and the 

desire to maintain an acceptable level of precision (i.e., low CV values) in parameter estimates, a 

sample size of 4 clusters per sampling unit (e.g., stand) appears to be the best option.  That is, 

sample sizes of ≤3 clusters were not sufficient to consistently produce a high level of precision. 

Where as, sample sizes ≥4 clusters produced precise parameter estimates with sample sizes ≥6 

clusters being very precise in the parameter estimates.  Due to the constraints described above, it 

seems reasonable to opt for a sample size of 4 or 5 clusters given that both continuously 

produced acceptable levels of precision (e.g., CV ≤15%).  A closer examination of CV values for 
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these two sample sizes reveals nearly identical CV values produced during simulation analyses, 

suggesting that a sample size of four clusters is sufficient to maintain the desired level of 

precision in parameter estimates. 

 

MARGIN OF ERROR:  Although the final precision estimates will be determined by the 

larger, more comprehensive data set, sensitivity analyses of the pilot data set suggest that a 

sample size of 4 clusters could reasonably be expected to produce parameter estimates within 

15% of the true mean 95% of the time when the sample CV=10% (Table 1). Alternatively, if the 

probability level was lowered to 90% (P=0.10), parameter estimates would approach a 10% 

margin of error with a CV of 10% (Table 1).  

 
Table 1.  Sample size in relation to margin of error and coefficient of variation (n=4; P=0.95).  
 

Estimated Number of Clusters (Transects)* 
   
  P=0.05; CV=10% 

 
Strata 

 
Area 

Margin of 
Error ± 10% 

Margin of 
Error ± 15% 

Margin of 
Error ± 20% 

x ~500 acres 8 4 2 
     
  P=0.05; CV=15% 

 
Strata 

 
Area 

Margin of 
Error ± 10% 

Margin of 
Error ± 15% 

Margin of 
Error ± 20% 

x ~500 acres 17 8 5 
     

  P=0.10; CV=10% 
 

Strata 
 

Area 
Margin of 

Error ± 10% 
Margin of 

Error ± 15% 
Margin of 

Error ± 20% 
x ~500 acres 5 2 1 

     
  P=0.10; CV=15% 

 
Strata 

 
Area 

Margin of 
Error ± 10% 

Margin of 
Error ± 15% 

Margin of 
Error ± 20% 

x ~500 acres 10 5 3 
* Sample size calculated using the following formula:  ((cv*t)/e)2 where cv=coefficient of 

variation; t=t-statistic based on 3 degrees of freedom; and e=the margin of error. 

 

ALLOCATION OF SAMPLES:  From the sensitivity analyses of pilot data, it was determined 

that cluster sampling yielded equivalent or higher levels of precision in parameter estimates than 
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a simple random sampling scheme.  Thus, we propose to allocate samples within a stand using 

cluster-sampling procedures.  For example, plots will be allocated using point-transects where 

each transect contains five, 1/5th acre plots (52.7 ft radius) spaced four chains (264 ft) apart (Fig. 

3) and each stand contains four randomly allocated point-transects (Fig. 1B).  Additionally, the 

use of cluster sampling reduces the amount of travel time required to move from point to point, 

thus increasing the overall cost efficiency of the inventory.  It is also important to note that these 

transects are flexible.  That is, if at some point along the route a barrier is encountered (e.g., 

oxbow lake) the observer has the flexibility to randomly alter the route such that all plots are 

conducted.  

 

Figure 3.  Schematic of a point-transect depicting a cluster of five, 1/5th acre plots spaced four 

chains (264 ft) apart upon which habitat metrics will be sampled. 

 

PARAMETERS TO BE COLLECTED:  Based on data provided in Tanner (1942) and 

discussions with Martjan Lammertink, (Cornell Lab of Ornithology Post-Doctorate Student), it is 

assumed that site-scale IBWO habitat occupancy is influenced by the density of large trees (≥24 

inches dbh) and the amount of dead/dying wood often associated with high densities of larger 

diameter trees (e.g., crown dieback, over topped stressed trees).  To inventory and assess habitat 

in the areas of interest (e.g., sightings and/or sound recordings) and other areas perceived to meet 

these criteria (as noted by local land managers) we propose to collect data on forest metrics listed 

in Table 2.  It is believed that these metrics will provide both a quantitative estimate of 

parameters of interest, as well as, additional qualitative estimates that will facilitate the 

characterization of IBWO habitat, based on our limited knowledge.  Furthermore, these data are 

also expected to provide additional benefits in terms of assessing habitat quality for other priority 

wildlife species (e.g., Swainson’s Warbler). 

 

DATA RECORDING AND PROCESSING:  All data is to be collected on tally sheets (Table 

3) in the field and subsequently entered into Microsoft Excel spreadsheets.  Data must be 
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correctly entered into Microsoft Excel spreadsheets following the desired formats.  Upon 

completion of data entry and quality assurance checks, all data is to be promptly forwarded to the 

Lower Mississippi Valley Joint Venture Office for analysis.  If data cannot be entered into 

Microsoft Excel spreadsheets for some reason, field observers should contact Randy Wilson 

(randy_wilson@fws.gov; 601.965.4903 ext 15) for assistance with data entry. 

 

DATA ANALYSIS AND REPORTING:  Data will be analyzed using SAS statistical software 

to generate summary statistics for all parameters.  Parameter estimates will be generated for each 

stand, management compartment, and for the area of interest (e.g., entirety of Dagmar WMA, 

Bayou DeView area of Cache River NWR, Jacks Bay / Prairie Lakes region of White River 

NWR).  After summary statistics are calculated, parameter estimates will be appended to GIS 

shapefiles depicting management compartments and stands to develop spatially explicit decision 

support models to facilitate search efforts. Summary reports will be provided to Arkansas Game 

and Fish Commission, Cache River NWR, White River NWR, Cornell Lab of Ornithology, U.S. 

Fish and Wildlife Service, Southeastern Regional Office and other entities as deemed 

appropriate.   
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Table 2.  Parameters and definitions of metrics to be collected during the habitat inventory and 

assessment project in the Big Woods of Arkansas. 

Parameter Sample 
Area 

Value Comments 

Tree Species 1/5th Acre Alpha Code for Tree Species;  Appendix 4 All trees ≥ 10” dbh 
DBH 1/5th Acre 2” classes (9.0” – 10.9” = 10”)  
Length in feet or 
# of logs  

1/5th Acre Dead or down wood: 5’ increment.  Cruiser 
option: 1 – 4.5 in half-log increments if 
sawlog, 5’ increment for pulpwood. 

Required for dead 
wood.  Cruiser 
option on # of logs.  

Crown Class 1/5th Acre D = Dominant 
C = Co-dominant 
I = Intermediate 
S = Suppressed 
X = Dead 

 

Tree Condition 1/5th Acre 1 = No dieback (not very common) 
2 = Lower crown dieback, natural pruning 
3 = < 1/3 top crown dieback 
4 = > 1/3 top crown dieback 
5 = Recently dead, retains many twigs 
6 = Dead, retains only large limbs 
7 = Dead, only bole remains, ≥ 5’ tall 
8 = Down wood ≥ 8” @ 3’ from base 

 

Stress Factor: 
Epicormic 
Branching 

1/5th Acre 1 = Little to None (<20% of bole) 
2 = Moderate (20% - 50% of bole) 
3 = Heavy (≥ 50% of bole) 

Bole is portion of 
tree beneath the 
crown. 

Stress Factor: 
Bark 
Disfiguration: 
Ex: bleeds, 
tannin stains; 
bug holes; frass, 
conks  

1/5th Acre 1 = Little to None (<20% of bole) 
2 = Moderate (20% - 50% of bole) 
3 = Heavy (≥ 50% of bole) 

Ex: Red Oak w/ 
blocky bark; Ash 
w/ smooth bark; 
Rot; Bare wood 
from beaver, 
skinning, etc. 

Overstory 
Canopy Cover  

Visible 
Range 

1 = < 50% 
2 = 50% - 80% 
3 = > 80% 

Vertical sunlight 
blockage 

Midstory Cover Visible 
Range 

1 = < 25% 
2 = 25% - 60% 
3 = > 60% 

Horizontal vision 
blockage, 10’ – 30’ 
height 

Understory 
Cover 

Visible 
Range 

1 = < 25% 
2 = 25% - 60% 
3 = > 60% 

Horizontal vision 
blockage, < 10’ 
height 

Vines Visible 
Range 

1 = Sparse (<25% [1 of 4 overstory trees]) 
2 = Moderate (25-50% [2 of 4 trees]) 
3 = Heavy (>50% [3 of 4 overstory trees]) 

# of dominant or 
co-dominant trees 
with vines on the 
bole and/or canopy 
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Table 2.  Continued… 
 
Cane Visible 

Range 
1 = None 
2 = Sparse (1% - 25% area coverage) 
3 = Heavy (> 25% area coverage 

 

Station Option 
Shade-intolerant 
regeneration 

Visible 
Range 

Alpha Code for Tree Species; Appendix 4 Sufficient presence 
to occur if released 

Potential IBWO  
cavity 

Incidentally 
on 

Unlimited 
Area  

A = very large irregular oval or rectangle, 
4.5” x 5.5”.  Record tree species, DBH, 
height to cavity, face (north, west, etc.) and 
GPS coordinates (UTM, NAD 83). 

Cavity size follows 
Cornell Lab of 
Ornithology. 

Potential IBWO 
Bark Scaling 

Incidentally 
on 

Unlimited 
Area 

Extreme horizontal gouges of tight bark.  
Record tree species, DBH, height to cavity, 
face (north, west, etc.) and GPS coordinates 
(UTM, NAD 83). 

 

IBWO sighting 
or hearing of 
kent calls or 
double knocks 

Incidentally 
on 

Unlimited 
Area 

Record GPS coordinates UTM, NAD 83.  
Also direction and estimated distance to 
sighting or sound.  ASAP contact inventory 
coordinator 
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Table 3.  Data sheet for collection of Desired Forest Condition parameters. 

Location Data: 

Date:_______________ Crew:__________________________ 
Location:____________    Unit:_______________ Stand:_____ Line#:_____ Plot#:______
GPS Coordinates for the Plot:________________________Hydro-Forest type: ______________ 
Plot-level Data: 

Tree Data:  ( ≥9.5” dbh): 1/5th acre plot ( r=52.7’)     (down wood diameter @ midpoint) 

Overstory Midstory Understory Vines Cane Shade-intolerant 
regeneration 

10% increments 10% increments 10% increments 0= None 
1=Sparse <25% 
2= Mod. 25-50% 
3=Heavy >50% 

0=None 
1= Sparse <10% 
2= Mod +  >10% 

 

 
Species 

 
DBH 

Length / 
Height* 

Crown 
Class  

Tree 
Condition 

Epicormic 
Branching 

Bark 
Disfiguration 

 
Codes. 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       

*Length / height (only 
recorded for down dead wood 
and/or standing dead wood; 
merchantable height taken at 
discretion). 
 
Crown Class 
D=Dominant 
C=Co-dominant 
I=Intermediate 
S= Suppressed 
X= Dead 
……………………………… 
 
Tree Condition 
1 = No dieback 
2 = Lower crown dieback 
3 = <1/3 crown damage/top dieback 
4 = >1/3 crown damage/top dieback 
5 = Recently Dead, retains twigs 
6 = Dead, retains large limbs 
7 = Dead, only bole remains 
8 = Down  wood >8” diameter 
……………………………… 
 
Epicormic Branching 
1 = Little to None (<20%) 
2 = Moderate (20-50%) 
3 = Heavy (≥50%) 
……………………………… 
 
Bark Disfiguration 
1 = Little to None (<20%) 
2 = Moderate (20-50%) 
3 = Heavy (≥50%) 
……………………………… 
 
 

 
Comments: ___________________________________________________________________ 
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Appendix 5.  Prospectus for implementing a forest breeding bird monitoring program to 
assess forest management activities. 
 

ASSESSING FOREST BREEDING BIRD RESPONSE TO FOREST MANAGEMENT 
 

Randy Wilson and Dan Twedt 
 
Background:  Many priority forest interior avian species in the Mississippi Alluvial Valley 

(MAV; Table 1) are disturbance dependent species (e.g., Swainson’s Warbler, Kentucky 

Warbler).  That is, these species require complex vegetative structure that typically results from 

disturbance to the forest canopy (e.g., increased light penetration resulting from tornadic events, 

tree mortality, or timber harvest).  With only 24% of the once vast 24 million acre MAV 

remaining in bottomland forest, the expectation that habitat needs of these priority species can be 

met via successional events stemming from storm damage is questionable.  Thus, silvicultural 

intervention will likely be integral to meeting their habitat needs.  Conservation partners within 

the MAV have identified “Desired Forest Conditions” to guide forest management activities 

based on our current understanding of the habitat needs of priority species.  As land managers 

implement forest management strategies to achieve “Desired Forest Conditions,” it is imperative 

that we monitor the avian response so that forest management prescriptions can be modified 

following the principals of adaptive management. 

 
Table 1.  Priority Forest Breeding Birds in the Mississippi Alluvial Valley 
(Partners in Flight, 2005). 

Species Score Action 
Prothonotary Warbler 20 Immediate Management 
Swainson's Warbler 20 Immediate Management 
Cerulean Warbler 19 Immediate Management 
Swallow-tailed Kite 18 Immediate Management 
Mississippi Kite 18 Management Attention 
Orchard Oriole 18 Management Attention 
Northern Parula 16 Management Attention 
Wood Thrush 16 Management Attention 
Yellow-billed Cuckoo 15 Management Attention 
White-eyed Vireo 15 Management Attention 
Yellow-breasted Chat 15 Management Attention 
Kentucky Warbler 15 Management Attention 
Eastern Wood-Pewee 14 Management Attention 
Acadian Flycatcher 14 Management Attention 
Yellow-throated Warbler 14 Management Attention 
Hooded Warbler 13 Management Attention 
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Goal:  Obtain statistically valid estimates of the species-specific densities, along a temporal 

gradient (e.g., 1-20 years post-harvest), with respect to forest management strategies that target 

Desired Forest Conditions (see example in Fig. 1).  Estimates for common species should be 

obtained within 2 years and estimates for all priority species (Table 1) should be obtained within 

5 years.  

 
Objective(s):  Information is sparse regarding when priority species respond to forest 

management activities (e.g., 1-year, 2-years, 5-years post harvest, etc.) and the duration of 

optimal forest conditions.  For example, when do Swainson’s Warbler populations increase (if at 

all) and decrease following timber harvest?  As such, the objective of this monitoring program is 

to generate species-specific density curves that reflect changes in abundance along a 

chronological gradient (e.g., years post-harvest).  Furthermore, density estimates will be 

evaluated against “quasi-control stands” (e.g., stands >20 years post harvest), as well as, with 

“old-growth” stands (>100 years post harvest). 

 
Quantitative Objective:  From a statistical viewpoint, our objective is to generate density 

estimates corrected for detectability with coefficient of variation (CV) values of ≤20% within 

fixed time-treatment periods (e.g., 2 year or 3 year intervals post harvest).  If this objective 

proves to be unattainable, time-treatment periods will be lumped into 2-3 year time-treatment 

periods (e.g., 5-7 years post harvest, etc.) to facilitate analyses.  Over all time periods we are 

striving for a 10% margin of error at a 90% confidence level.  Derivation of density estimates is 

based, in part, on the number of detections and good estimates require a minimum of 50 

detections per species.  Because species specific detections are likely to vary greatly among 

forest stands, we anticipate that 15-20 stands (90-120 counts) will be needed within each time-

treatment interval to assess densities of common species.  However, we anticipate that >600 

point counts (100 stands) may be needed within each time-treatment interval to assess densities 

of priority species.  As such, densities and their associated coefficients of variation (CV) will be 

assessed annually, with sample sizes (number of stands within time-treatment intervals) adjusted 

to achieve the desired levels of precision.  Once a suitable CV level has been achieved (i.e., 

sufficient data acquired to answer the question) sampling within that time-treatment interval will 

be suspended. 
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Figure 1.  Schematic of hypothetical data demonstrating the expected product generated from 

this monitoring program.  

 
Sampling Framework:  Because our objective is to evaluate avian response to forest 

management that targets Desired Forest Conditions (or some wildlife-friendly derivation thereof) 

in bottomland forests of the MAV, the area sampled will focus on conservation lands (e.g., 

National Wildlife Refuges, State Wildlife Management Areas, and National Forests).. Data from 

all locations will be pooled to generate estimates applicable to the entirety of conservation lands 

within the MAV. 

 
Avian surveys will be conducted within hardwood forest communities on conservation lands 

within the MAV and its associated bottomlands.  Within these communities, forest management 

has historically been undertaken following uneven-aged management, although some even-aged 

management treatments have been applied. As discussed above, the “Desired Forest Conditions” 

being promoted in the MAV revolves around the achievement of stand-level characteristics 

resulting from thinnings and small group selection timber harvest.  As such, this monitoring 

program will target stands subjected to treatments perceived to yield stand-level, target 

conditions prescribed for wildlife habitat improvement. 
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Ideally, stands monitored will be stratified among forest communities (e.g., cypress/tupelo, 

overcup oak/bitter pecan, Nuttall oak/sweetgum, etc.) and/or hydrologic gradients (e.g., wet vs. 

dry).  However, anecdotal observations suggest that insufficient treatments exist to satisfy all 

these sample design requirements.  As such, forest community types and hydrologic gradients 

will be used as covariates to help explain patterns of bird abundance.  

 
Furthermore, most (if not all) bottomland forests in the MAV have been subjected to timber 

harvest at some point in the past.  As such, we will treat all forest stands as if it they had been 

treated, with stands treated >20 years ago representing “quasi-controls”.  Additionally, we will 

locate and sample as many “old-growth” stands (e.g., areas with no known harvest for >100 

years) as possible to “true-controls.” 

 
Sample Allocation:  Within each forest stand (i.e., a defined area subjected to similar 

silvicultural treatment), we will allocate six point count locations.  Points may be randomly or 

systematically located within each stand but should be at a minimum of 250 meters apart. 

Additionally, plots should be >100 meters from roads or agricultural edges.  As a general “rule of 

thumb”, a single point count with a 150 meter outer band represents approximately 7 hectares 

(ca. 18 acres).  Thus, treated areas ≤ 40 hectares (ca. 100 acres) will be not be included in the 

survey. 

 
Field Methods:  Since the publication of “A Land Managers Guide to Point Counts of Birds in 

the Southeast (Hamel et al. 1996), several papers have been published suggesting that 

“unadjusted” point counts do not provide accurate estimates of bird abundance or estimates of 

density (see overview by Thompson [2002]).  That is, some birds are not detected due to: (1) 

variables that affect the observers ability to detect and correctly identify birds (e.g., experience, 

hearing acuity); (2) environmental factors (e.g., wind, vegetation); and/or (3) physical and 

behavioral attributes of birds themselves (e.g., plumage coloration, singing rate).  As a result, 

several methods, both methodological and analytical have been proposed for estimating detection 

probabilities that can be used to adjust abundances and thereby obtain density estimates from 

point count data.  For example, Bart and Earnst (2002) suggested double sampling and Nichols et 

al. (2000) suggested double observer sampling.  Both of these methods are modifications to field 

sampling and as their name suggest, they essentially double the amount of time personnel spend 
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in the field.  Other methods described by Farnsworth et al. (2002) and Rosenstock et al. (2002) 

utilize computer programs to analyze data that are recorded in temporal intervals and distance 

bands, respectively, to achieve estimates of detection probability.  

 
Although we do not discount the need for or the importance of double sampling and the use of 

double observers, these methods are labor intensive and reduce the number of points that can be 

counted during a give year, thus reducing sample size.  As such, we believe the most applicable 

method for estimating detection probabilities, while maintaining an adequate sample size, is 

through a temporal and spatial approach.  That is, use of methods described by Farnsworth et al 

(2002) and/or Rosenstock et al. (2002) should permit the calculation of detection probabilities 

and not detract from sample size.  Use of these methods requires only slight modifications to 

current point count protocols (Hamel et al. 1996).  For example, point count duration must be 10 

minutes with birds recorded separately for three distinct time intervals (0-3 min, 4-5 min, and 6-

10 min).  Also, the distance bands in which birds are recorded are set at (0-25 m, 25-50 m, 50-

100 m, and 100-150 m).  (Detections beyond 150 m and flyovers are recorded separately and not 

use to estimate detection probabilities).  These modifications are compatible with past data 

collections and require only that data are collected in discrete time and distance intervals. 

   
Below are step-by-step instructions for conducting the recommended 10 minute point counts, 

with birds recorded separately in three time periods (0-3 min, 4-5 min, and 6-10 min), as well as 

birds recorded in four distance intervals (0-25 m, 25-50 m, 50-100 m, and 100-150 m).  Readers 

are referred to Hamel et al. (1996), “A Land Managers Guide to Point Counts of Birds in the 

Southeast” for details. 

 
Standard Operating Procedure for Counting Birds: 

  
1.  Prior to the day of the counts, determine which points will be sampled and the order they are 

to be counted.  Also, determine and upload the x,y coordinates for each point into a GPS. 

 

2.  Sampling will occur in the morning, beginning as soon as it is light enough to see a distance 

of 200 m and ending no later than 10 am.  The observer should arrive at the first point while it is 

still dark so that the count can begin as soon as it is light enough to see.  This is important 
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because singing rates for most species are highest near sunrise and then slowly decline over the 

morning. 

 

3.  Do not conduct the count during high winds or heavy rains.  Counts should not be conducted 

if it is raining hard (rain code 4; Table 2) or if wind strength on the Beaufort Scale is a sustained 

4 or greater (see Table 3).  If these conditions are encountered, either wait until the weather 

improves or cancel the sampling for the day and reschedule. 

     

4.  Approach the location, noting any birds within 100 m of the counting station that are flushed, 

fly away, or retreat.  Mark these birds in the appropriate distance band on a bull’s-eye data sheet. 

Concentric circles on the data sheet indicate distances of 0-25 m, 25-50 m, and 50-100 m, record 

birds detected in the 100-150 m band in the margins outside the 100 m band. 

 

5.  Orient the bull’s-eye data sheet to a fixed direction, record the wind and sky conditions 

(Tables 2 and 3), temperature, date, time, and observer. 

 

6.  Position a GPS unit and start it recording, if exact location is not already known. 

 

7.  As soon as possible, start the count.  Use a pocket timer or watch to keep track of time. 

 

8.  Record each bird seen or heard with the appropriate species codes (Appendix C in Hamel et 

al. (1996).  Count family groups of juveniles with a single adult as a single bird. 

 

9.  Mark birds on the data sheet in the appropriate distance band and approximate spatial 

location.  Use standard coding symbols included on the data sheet to aid in separating individuals 

(4 letter species alpha codes can be found in Appendix C of Hamel et al. 1996). 

 

10.  Record data for different time intervals (0-3 min, 4-5 min, and 6-10 min) of the count in 

different ways.  Some people like to use different color pens; alternatively, detections can be 

underlined or double underlined to indicate the different time periods.  Be sure to record a legend 

of the chosen coding scheme on the data sheet for future reference. 
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11.  Holding the sheet in a fixed position, spend part of the time facing in each of the cardinal 

directions in order to better detect birds. 

 

12.  Mark each bird once, using the mapped locations to judge whether subsequent songs are 

from new or already recorded individuals.  All birds greater than 100 m from point center are 

recorded outside of the 100 m band; likewise, flyovers are recorded at the bottom of the page.  

The recorded distance should be the horizontal distance between the location a bird was first 

detected and the plot center.  For species that occur in flocks, record the flock (e.g., species) and 

flock size in the appropriate distance band.  There is no need to record each bird in a flock 

individually.  

 

13.  Do not record any birds believed to have been counted at previous stations. 

 

14.  At the end of 10 minutes, stop recording bird observations.  Do not record any new birds 

seen or heard after the 10 minutes have passed. 

 

15.  Record the latitude and longitude coordinates from the GPS unit and mark the location. 

 

16.  Field notations from the bull’s-eye data sheet can be transcribed to a point count summary 

form before they are entered into the National Point Count Database (www.pwrc.nbs.gov).   The 

transcription process will facilitate data entry.  

 

Procedures for Conducting Habitat Assessment: 

 
At each point count location, complete the habitat data sheet (see below) at two spatial locations 

(one at the center of the point count and one at 100m from point center in the direction of travel 

to the next point count location).  For example, there should be two habitat plots per point count 

location (point center and 100m).  See Table 1 for variable descriptions. 

 

1. For plot level data (i.e., the visible area around the point) record (circle) the appropriate 

categorical estimate listed on the datasheet for Vines, Cane, Overstory, Midstory, and 
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Understory.  For clarification – overstory (i.e., canopy cover) is vertical cover of the 

upper canopy (>30ft), whereas midstory (10-30ft) and understory (<10ft) are measured 

on the horizontal plane. 

 

2. For tree level data (i.e., individual trees) use a 10-factor prism* and record tree species 

and the number of trees by size category (4 – 9.5 dbh; 10 – 20 dbh; 20 – 30 dbh; and >30 

dbh) that are considered to be “in” the plot. 

 

*Procedural Note:  When using a prism, the prism must stay over plot center with the user 

rotating around the prism. 

 

All habitat parameters are based on forest metrics listed in Table 2 of the “Restoration, 

Management, and Monitoring of Forest Resources in the Mississippi Alluvial Valley:  

Recommendations for Enhancing Wildlife Habitat” document produced by the LMVJV Forest 

Resource Conservation Working Group, 2007. 

 
Training:  Bird identification workshops will be conducted annually by U.S. Fish and Wildlife 

Service’s Migratory Bird Program and/or partners (e.g., Arkansas Game and Fish Commission).  

Workshops will expose participants to: (1) bird identification tips, techniques, and available 

resources; (2) bird/habitat relationships; and (3) key elements of bird monitoring programs. 

 
Data Management:  All data should be entered into the National Point Count Database as noted 

in step #16 of the standard operating procedure. 

  
Data Analysis and Reporting:  Data will be analyzed annually by Lower Mississippi Valley 

Joint Venture (LMVJV) Office staff and/or in conjunction with partners (e.g., U.S. Geological 

Survey scientists).  Summary reports will be generated to assess progress and to facilitate 

revisions of sampling strategy.  All reports will be circulated to partners and posted on the 

LMVJV web site. 
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Variable Circular Plot Point Count Summary Sheet 
 

 

 

 Date: Observer: Start: End: 
 
 

State: Location: Unit: Compartment: Stand: Point: 
 

Temp (F): Wind: Sky: Cover Type: Treatment:   Year of 
Treatment: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Species Alpha Code 0 – 25 m 25 –50 m 50 – 100 m 100 - 150 m

0-3 min     4-5 min     6-10 min 0-3 min     4-5 min     6-10 min 0-3 min     4-5 min     6-10 min 0-3 min     4-5 min     6-10 min

Species Alpha Code 0 – 25 m 25 –50 m 50 – 100 m 100 - 150 m

0-3 min     4-5 min     6-10 min 0-3 min     4-5 min     6-10 min 0-3 min     4-5 min     6-10 min 0-3 min     4-5 min     6-10 min

 
 
Flyovers:_________________________________________________________________________________ 
 
Data Compiler:___________________________________________________________________________ 
 
Comments:_______________________________________________________________________________ 
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Variable Circular Plot Point Count Field Sheet 
 

 

Date: Observer: Start: End: 
 

State: Location: Unit: Compartment: Stand: Point: 
 

Temp (F): Wind: Sky: Cover Type: Treatment:   Year of 
Treatment: 

 
 
 
 
 
 
 
 
 

25m 50m 100m25m 50m 100m

NOCA

NOCA

NOCA

NOCA

NOCA

NOCA

Male Observed

Observed,
sex unknown

Female Observed

Pair Together,
assumed mated

0-3 minutes

4-5 minutes

6-10 minutes

NOCA

NOCA

NOCA

NOCA

NOCA

NOCA

Male Observed

Observed,
sex unknown

Female Observed

Pair Together,
assumed mated

0-3 minutes

4-5 minutes

6-10 minutes

NOCA

NOCA

NOCA

NOCA

NOCA

NOCA

Male Observed

Observed,
sex unknown

Female Observed

Pair Together,
assumed mated

0-3 minutes

4-5 minutes

NOCANOCA

NOCANOCA

NOCANOCA

NOCA

NOCANOCA

NOCANOCA

Male Observed

Observed,
sex unknown

Female Observed

Pair Together,
assumed mated

0-3 minutes

4-5 minutes

6-10 minutes

N-S Coordinate:_____________  E-W Coordinate:_____________  Zone*:_____ 
(N-S=Latitude;  E-W=Longitude)    *Zone = 0 for lat-long (geographic); else enter a UTM Zone. 

Flyovers:_________________________________________________________. 
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Habitat Data Associated with Forest Breeding Bird Point Counts 
 

Date: Observer: 
State: Location: Unit: Compartment: Stand: 
Treatment: Year Treatment Implemented: 
GPS Coordinates (NAD83-UTM 15): N-S:                                      E-W:                                 UTM Zone: 
  
Point Count#_______     Habitat Plot#________  

 
 Plot-level Data: visible area around plot 

Vines Cane Overstory 
(>30ft) 

Mid-Story 
(10-30ft) 

Understory 
(<10ft) 

1 = None 
2 = Sparse (<25%) 
3 = Moderate (25-50%) 
4 = Heavy (>50%) 

1 = None 
2= Sparse (<25%) 
3 = Moderate (25- 0%) 5
4 = Heavy (>50%) 

1 = None 
2 = Sparse (<50%) 
3 = Moderate (50-80%) 
4 = Heavy (>80%) 

1 = None 
2 = Sparse (<25%) 
3 = Moderate (25- 0%) 6
4 = Heavy (>60%) 

1 = None 
2 = Sparse (<25%) 
3 = Moderate (25- 0%) 6
4 = Heavy (>60%) 

 
 
 
 
 
 
 
 

 

Tree Data: plotless area using 10-factor prism 

Tree Species Number Stems  
(dbh 4 - 9.5”) 

Number Stems 
(dbh 10 - 20”) 

Number Stems 
(dbh 20 - 30”) 

Number Stems 
(dbh > 30”) 

     
     
     
     
     
     
     
     
     
     

Tree Species Codes 
 
QUNU = Nuttall Oak 
QUNI = Water Oak 
QUPH = Willow Oak 
QULY = Overcup Oak 
QUPA = Cherrybark Oak 
QUSH = Shumard Oak 
 
CAIL = Sweet Pecan 
CAAQ = Bitter Pecan 
 
TADI = Cypress 
NYAQ = Tupelo 
 
ULAM = American Elm 
ULCR = Cedar Elm 
 
DIVI = Persimmon 
 
PLOC = Sycamore 
PODE = Cottonwood 
LIST = Sweetgum 
 
ACNE = Boxelder 
ACRU = Red Maple 
 
CELA = Sugarberry 
 
FRPE = Green Ash 
 
GLAQ = Water Locust 
GLTR = Honey Locust 
 
SNAG = Dead Trees 
 

 

**************************************************************************** 
 
Point Count#________     Habitat Plot#________  

 

 

Plot-level Data: visible area around plot 

Vines Cane Overstory 
(>30ft) 

Mid-Story 
(10-30ft) 

Understory 
(<10ft) 

1 = None 
2 = Sparse (<25%) 
3 = Moderate (25-50%) 
4 = Heavy (>50%) 

1 = None 
2= Sparse (<25%) 
3 = Moderate (25- 0%) 5
4 = Heavy (>50%) 

1 = None 
2 = Sparse (<50%) 
3 = Moderate (50-80%) 
4 = Heavy (>80%) 

1 = None 
2 = Sparse (<25%) 
3 = Moderate (25- 0%) 6
4 = Heavy (>60%) 

1 = None 
2 = Sparse (<25%) 
3 = Moderate (25- 0%) 6
4 = Heavy (>60%) 

Tree Data: plotless area using 10-factor prism 

Tree Species Number Stems  
(dbh 4 - 9.5”) 

Number Stems 
(dbh 10 - 20”) 

Number Stems 
(dbh 20 - 30”) 

Number Stems 
(dbh > 30”) 
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Table 1. Description of variables recorded at point count locations.   

 
 

Variable 
 

Description 
 
Date 

 
MM/DD/YYYY 

 
Observer 

 
Observer identification (e.g., initials). 

 
Start Time 

 
Time survey started. 

 
End Time 

 
Time survey ended. 

 
State 

 
State 

 
Location 

 
Name of forest, management area, refuge, etc... 

 
Unit 

 
Name of management unit within the location. 

 
Compartment 

 
Name of management compartment within the unit and/or location. 

Stand Name of management stand within the management compartment. 
 
Point # 

 
Number of the point within the compartment, unit, and/or station.  

 
Temp (F) 

 
Temperature in degrees Fahrenheit. 

 
Wind 

 
Wind speed from Beaufort scale (see Table 3). 

 
Sky 

 
Sky condition, combining cloud cover and precipitation (see Table 2). 

 
Cover Type 

 
Forest types follow Table 4 in the DFC Document, LMVJV Forest 
Resource Conservation Working Group 2007). 
     Swamp Forest – baldcypress, baldcypress-water tupelo 
     Wet Bottomland Forest – overcup oak-bitter pecan, black willow 
     Moist Bottomland Forest – sugarberry-elm-ash, oak-elm-ash 
     Dry Bottomland Forest – cherrybark oak-cow oak 
     Levee Forest – cottonwood-sycamore, sweet pecan-boxelder 

 
Treatment 

 
Type of treatment (e.g., thinning, group selection, etc..) 

 
Year of Treatment Year treatment was implemented. 
 
Flyovers 

 
Birds observed flying over the plot. 

 
N - S Coordinate 

 
UTM (Northing - 7 digits) or latitude (DDMMSS) = (30E42'33"). 

 
E - W Coordinate 

 
UTM (Easting - 6 digits) or longitude (DDMMSS) = (089E14'59"). 

 
Zone 

 
UTM Zone or 0 if latitude / longitude recorded. 

 
Comments 

 
Notes and specific remarks about the count. 
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Table 2.  Codes and descriptions for sky conditions (Weather Bureau Codes)1.  
 

Sky Conditions: 

Code #  Description 

0  Clear or a few clouds 

1  Partly cloudy (scattered) 

2  Cloudy (broken) or overcast 

4  Fog or Smoke 

5  Drizzle 

7  Snow 

8  Showers 
 

1 These codes are the same codes used in the Breeding Bird Survey.  Acceptable conditions for 
counting birds include a sky condition of 0,1, or 2 and wind speeds less than 20 km / h (12 mi/h), 
preferably less than 13 km / h (8 mi / h). 
          
 
Table 3.  Codes and descriptions for wind speeds (Beaufort Scale)1. 
 

Wind Speed Codes:     

Code #  km / h  mi / h  Description 

0  < 2  < 1  Smoke rises vertically 

1  2 to 5  1 to 3  Wind direction shown by smoke 
drift 

2  6 to 11  4 to 7  Wind felt on face; leaves rustle 

3  12 to 20  8 to 12  Leaves, small twigs in constant 
motion; light flag extended 

4  21 to 32  13 to 18  Small branches are moved 

5  33 to 30  19 to 24  Small trees begin to sway 
 

1 These codes are the same codes used in the Breeding Bird Survey.  Acceptable conditions for 
counting birds include a sky condition of 0, 1, or 2 and wind speeds less than 20 km / h (12 
mi/h), preferably less than 13 km / h (8 mi / h). 
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Appendix 6.  Frequently asked questions and answers pertaining to “Restoration, 
Management, and Monitoring of Forest Resources in the Mississippi Alluvial Valley:  
Recommendations for Enhancing Wildlife Habitat”. 
  
 
FREQUENTLY ASKED QUESTIONS 
 
What is the purpose of this report?  -- The Lower Mississippi Valley Joint Venture 

Management Board chartered the forest resource conservation working group to serve as a 

technical forum for coordination among Joint Venture partners.  Specifically, the working group 

was charged with the task of ensuring that conservation programs of Joint Venture partners 

reflect reforestation and forest management prescriptions and practices that sustain populations 

of priority birds and other forest-dependant wildlife in concert with sustainable forestry.  To that 

extent, this report provides Joint Venture partners with contemporary recommendations based 

on the collective experience of on-the-ground managers, researchers, and published literature.  

  
What are desired forest conditions?  -- Desired forest conditions are intended to reflect some 

of the structural characteristics found in forests after long periods of natural perturbations.   

More specifically, desired forest conditions can be presented at multiple spatial scales (Table 1 

and 2).  For example, 70-100% of the area within local landscapes should be forested, with 70-

95% of the forest under active management (i.e., 5-30% should be not be actively manipulated).  

At the stand scale, a series of primary management factors (e.g., canopy cover, mid-story, basal 

area) and secondary management factors (e.g., regeneration, cavities, coarse woody debris, etc.) 

represent the metrics for forest stand assessment and provide guidance for development of 

management prescriptions.  Additionally, we note that desired forest conditions are not intended 

to be met on every acre within a stand or within a landscape.  Instead, these forest metrics when 

measured within a stand should on average be within desired stand conditions.  Moreover, 

desired stand conditions are only expected to be achieved on 30-50% of the stands within a 

landscape at any single point in time.   

 

Do desired forest conditions pertain to all bottomland hardwood forests?  -- Yes.  Even 

though some tracts of bottomland hardwood forest are small and all priority species do not 

occur within all forest tracts of the Mississippi Alluvial Valley, we believe the implementation of 

desired forest condition recommendations has benefits to other wildlife (e.g., deer, turkey) as 

well as to overall forest conditions.  Furthermore, we acknowledge that many of the conditions 
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(e.g., increased understory) we are striving for will not be obtainable on all sites (e.g., bald 

cypress / water tupelo situations).  However, we believe the recommended structural 

characteristics do not impose any negative constraints on these systems.  

 
Does the report put forth specific management prescriptions? -- No.  This report does not 

specify management prescriptions, although some past and current management practices have 

been identified as promoting development of desired stand conditions.  Instead, 

recommendations are couched within specific habitat metrics (Table 2), such that local 

managers can evaluate site-dependant conditions and limitations to determine the most 

appropriate management prescriptions for achieving desired forest conditions. 

 

Do desired forest conditions promote regeneration of shade-intolerant species? --Yes.  

Regeneration is encouraged through silvicultural treatments so as to establish advanced 

regeneration of shade-intolerant species on 30-40% of treated stands (Secondary Management 

Factor; Table 2).  Although silvicultural practices that retain forest structure are necessary to 

achieve desired stand conditions, all silvicultural management tools are available to managers 

to manipulate forest structure as needed to regenerate and release established regeneration of 

shade-intolerant species.  However, large (>7 acre) clearcuts should not represent more than 

10% of any local landscape and group selection cuts (i.e., clearcuts <7 acres) should be limited 

to <20% of the area of treated stands.  

 
What is the justification for increasing reforestation stocking rates given its greater cost? 

Much as the old commercial stated “pay me now or pay me later”, we are recommending 

payment up front to insure a more species diverse and structurally complex forest is restored.  

Increasing diversity and potential upfront structural competition in the newly developing forests 

will promote more quality growth attributes of the trees leading to greater management options 

down the road.  Additionally, if early treatments are not feasible, natural competition will allow 

greater natural mortality in the forests, providing an important secondary management factor 

(deadwood/coarse woody debris) normally absent in lesser stocked stands during the early 

stages of forest development.   

 
How do reforested stands fit into desired forest conditions? 

By our definition, reforested areas are considered regeneration areas.  However, reforested 

stands are not limited to 10% of the landscape as are regeneration harvests (e.g., >7 acre 
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clearcuts).  That is, achieving increased forest cover (i.e., reforestation) within the landscape 

overrides the 10% limitation placed on regeneration.  Additionally, as restored stands develop, 

stand-level factors (i.e., midstory, overstory, vines, coarse woody debris, etc…) evolve, leading 

to development of structurally diverse forest systems that contribute to desired stand-level 

conditions (Table 2).   

 
How will progress towards obtainment of desired forest conditions be measured? 

This document puts forth recommendations for implementing both a forest monitoring program 

as well as a prospectus for monitoring the response of forest interior songbirds to management 

actions.  Working collectively across agencies and organizations (through the LMVJV 

partnership) the conservation community should be able to implement monitoring programs, in a 

coordinated fashion, such that we can address management/conservation questions at multiple 

spatial scales following the principles of adaptive management.  That is, these recommendations 

are intended to be dynamic and change as we learn more about forest developmental processes 

and within stand dynamics as it pertains to the structural characteristics of “Desired Forest 

Conditions” and the response of wildlife species.   Furthermore, to achieve these monitoring 

recommendations will likely require a re-engineering of existing infrastructure in the form of 

roving teams and/or new job responsibilities for existing staff, as well as, new staff positions 

(e.g., biometrician, monitoring coordinator). 
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Controlling Wildlife Damage in the Great Trinity Forest 

 

Introduction 

Wildlife is an asset to any forest, both for species diversity and viewing by visitors.  However, any species 

can be detrimental to an area due to unusually large numbers, destructive behavior or conflicts with 

people or other wildlife species.  In fact, some species may make it almost impossible to improve the 

Great Trinity Forest because they may destroy the planted mast-producing hardwood seedlings.  

Controlling these species will protect the habitat, native species and visitors from disease and injury.   

 

Creating a Wildlife Damage Plan 

When creating a plan it is important to first correctly identify the species causing the problem and to 

learn about its ecology.  Then, all control methods and programs should be researched to find the most 

effective yet humane control method for that species.  Information about control methods and 

programs can be collected from other parks and forest managers in the area, nongovernment agencies 

and government agencies such as the USDA Animal and Plant Health Inspection Service and Texas Parks 

and Wildlife.   

 

Species of Concern 

Any species, whether native or introduced, can damage a habitat.   One excellent example of an 

extremely destructive, introduced species is the feral pig.  This animal will predate a variety of animals 

and will consume vegetation and mast, which takes resources away from native species.   However, the 

biggest problem is rooting which will destroy the planted hardwood seedlings.  In fact, if pig numbers 

are high enough it will be almost impossible to replant in the Great Trinity Forest.  Browsing species such 

as white-tailed deer and rabbits can also damage areas by overgrazing.  Though these species are native 

and do not need to be eradicated, without control they can cause significant damage to the planted 

hardwood seedlings and any natural tree regeneration.  

 

Control Methods 

Exclusion- erecting fences to keep animals out of an area.  For small areas this method may be the most 

effective and practical, even if it is not the most cost efficient.  However, this method is not practical for 

large areas due to cost and maintenance needed and it does not address the issue of population control.   

 

Frightening- using materials such as firecrackers can provide temporary relief from some wildlife 

species.  However, this method will be difficult to implement over large areas and may disturb visitors 

and desirable wildlife species. 

 

Repellents- this can be an effective control method. But it may be unusable over large areas and it is 

costly. 

 

Toxicants- this method can be effective but some toxicants need special licenses to use and they can kill 

nontarget wildlife species.  
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Habitat Modification- some species can be controlled by removing cover, den sites or by encouraging 

natural predators.  If over-browsing is a problem, then plants that are resistant to browsing damage can 

be planted. 

 

Trapping with cages or snares- this can be effective for some species but the species must be disposed 

of by translocation, shooting or euthanization.  Unfortunately, destroying the animal may be the only 

option since many nuisance species are introduced and are very destructive to many habitat types. 

 

Shooting- hunting in the forest may not be a viable option due to the large number of visitors that have 

access to the forest.  However, it may be a practical option for disposing of nuisance wildlife in traps 

since it is fast, humane and more feasible than euthanization.  
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Wildlife Habitat Management Institute 

Integrated Pest Management (IPM) and Wildlife 

October 2002 Fish and Wildlife Habitat Management Leaflet Number 24 

C. Rewa 

Conservation buffer practices such as field borders pro-
vide valuable habitat for wildlife as well as beneficial in-
sects. 

General Information 

Integrated Pest Management (IPM) ideally combines 
biological and cultural controls with limited pesticide use 
to keep pest populations below economically damaging 
levels, prevent future pest problems, and minimize the 
harmful effects of pesticides on humans and natural 
resources, including wildlife. Practitioners of IPM can 
reduce pest damage and economic loss by recognizing 
and using natural controls such as weather conditions, 
pest diseases and predators, pest life cycles, and modified 
agricultural practices. 

Pest elimination is typically not a goal of IPM, however, 
prevention of crop damage is an integral component. If 
and when pesticides are used, they are used at lower 
application rates and lower toxicities in combination with 
other control methods. IPM can increase profits in the 
long run by reducing chemical pest control costs, 
reducing environmental and human health risks 
associated with pesticide use, improving soil health and 
productivity, and increasing revenues from land leased 
for recreational use. Although generally associated with 
cropland, IPM is implemented by a variety of private 
landowners and managers including farmers, ranchers, 
foresters, homeowners, and groundskeepers. 

This leaflet provides an introduction to the use of IPM 
on agricultural lands and general guidance on integrating 
fish and wildlife considerations into IPM plans. The 
role of wildlife as an agent of integrated pest 
management is also introduced. Landowners and 
mangers should be familiar with proper use of and 
restrictions on pesticides and requirements for pesticide 
applicators. Landowners and managers should also be 
familiar with state and federally listed rare, threatened, 
and endangered plant and animal species in their area 
to ensure their consideration and protection. 

IPM and wildlife 

Beneficial insects, birds, and mammals are natural 
enemies of many crop pests and can play an important 
role in IPM. Landowners and managers spend a 
considerable amount of time and money to control pest 
populations where natural pest inhibitors are lacking. 
Modified farming techniques, increased crop diversity, 
and use of cover crops and conservation buffers can 
increase food and cover on croplands for many species, 
including those beneficial in controlling pest populations. 

S. Bauer, USDA ARS 

Lady beetle adults and larvae prey on aphids, mites, and 
other pest insects. 
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Integrated Pest Management (IPM) 

Terms and Definitions Associated with IPM 
Pest 
� An organism, plant or animal, which is undesirable or is detrimental to the interests of humans and capable of 

causing injury or damage. 
� Major pest types include insects and other arthropods, nematodes, pathogens, vertebrates, and weeds. 

Pesticides 
� Chemical compounds used to control individuals or populations of pests. 
� Herbicides are pesticides used to control undesirable vegetation, such as weeds or invasive woody plants. 
� Insecticides are used to control undesirable insects on plants or on/in the soil. 
� Fungicides are used to control fungus growth and spore dispersal. 
� Individuals applying pesticides must comply with federal and state laws and regulations. 

Resistance 
� Genetically inherited ability of organisms to evolve strains that can survive exposure to pesticides formerly 

lethal to earlier generations. 
Resurgence 
� Occurs when insecticide application initially reduces an infestation, but soon afterwards the pest rebounds 

(resurges) to higher levels than those before treatment. 
Economic Injury Level (EIL) 
� This is the economic break even point where the cost of pest damage equals the cost of control. 

Economic/action Threshold Level 
�	 Population level at which control measures are needed to prevent pest populations from reaching economic 

injury levels; action threshold is lower than EIL to allow for control measures to take affect before the pest 
population reaches the EIL levels. 

IPM incorporates the flowering patterns of native plants 
and crops and the life history and movements of 
beneficial insects and wildlife. 

IPM limits pesticide use, which affects non-target 
species such as beneficial insects and wildlife. Estimates 
of wild birds killed in the United States every year by 
exposure to legally-applied pesticides range in the tens 
of millions. Aquatic invertebrates, fish, amphibians, 
mammals, and others are also at risk. Insects are a 
major vehicle for pollination in orchards and vineyards, 
but their populations decrease after pesticide misuse. 
Herbicides can reduce or eliminate potential wildlife food 
and cover plants. Use of insecticides can reduce 
beneficial invertebrate populations that help control pests 
and are important food sources to many wildlife species. 
By using insecticides to address pest problems only 
where other measures fail to achieve the desired level 
of control, IPM seeks to minimize the negative effects 
of pesticide use on wildlife and other natural resources. 

IPM Strategies 

IPM follows a sequence: pest identification, scouting, 
management treatments, and post-treatment monitoring. 
Together, these actions form the key to IPM, which is 
long-term pest prevention. Preventing pest problems 
is the most effective and efficient pest control method. 

Prevention contributes to the long-term protection and 
productivity of crops, as well as wildlife habitat and other 
natural resources. Local extension agents can help 
landowners and managers develop a scouting schedule, 
correctly identify pests and symptoms, and determine 
economic thresholds and management actions. 
Cooperative relationships and information sharing 
between adjacent crop growers can further reduce pest 
problems. 

Texas A&M Department of Entomology 

Greenbugs are aphids that feed on sorghum. Lady beetles 
are natural predators of greenbugs and can help keep their 
populations from reaching economically damaging levels. 

2

Page 514 of 804



Integrated Pest Management (IPM) 

Pest Identification 

Pest identification is an important component of IPM. 
Whether pests are insects, vertebrates, diseases or 
weeds, landowners and managers should be familiar 
with pests associated with their crops. Landowners 
and managers should be able to recognize seasonal 
conditions that favor pests, potential hosts, and signs of 
pest damage. Local extension agents may be able to 
assist in pest identification. 

Scouting 

Scouting is used to monitor pest densities. Landowners 
can use scouting data to determine the pest population 
size and correct method for controlling pests before the 
economic threshold is reached. Scouting tools include: 
10x hand lens for viewing insects, larvae, or eggs; 
notebook and pen for recording notes; sweep net or 
other device for catching insects on the wing; and a vial 
or other closed container for insect samples. Regular, 
systematic sampling is crucial to estimate pest 
populations and prevent future outbreaks. Notes should 
be taken during each scouting run, and permanent 
records kept to track trends. During weekly scouting 
trips, each crop should be sampled for pests. 
Landowners and managers should take samples from 
the field interior, not just around the field border. Record 
the crop stage and condition, the date and time of day, 
moisture conditions, the number and type of pests, and 
other insects or wildlife observed. Also note nearby 
buildings, vegetation, buffers, water sources, or other 
features that might serve as overwintering or migrating 
grounds for pests, beneficial insects, and wildlife. Collect 
samples of pests and other insects that cannot be 
positively identified, as well as samples of plant materials. 

Management Treatments and Their Effects on 
Habitat 

Whenever possible, landowners and managers should 
avoid disturbing high-use wildlife areas, especially during 
the breeding and nesting season (March-July). Many 
ground-nesting birds, small mammals, and reptiles and 
amphibians may use croplands and ground cover crops 
for breeding and raising young. When possible, avoid 
treating frequently used foraging areas. Woody draws, 
riparian vegetation, wetlands, native grasslands, and 
other sensitive habitats should be preserved. 

Ring-necked pheasants can benefit from a variety of cul­
tural pest control practices. However, mechanical treat­
ments should be avoided from March-July to protect these 
and other ground-nesting birds and their eggs and young. 

Cultural control 

Cultural controls can help create, maintain, and enhance 
habitats that harbor beneficial insects and wildlife. 
Cultural controls generally target some weak point in 
the pest’s life cycle through physical or genetic 
treatments. Physical controls modify the growing 
environment to help control pest populations. Some 
physical controls are actual barriers, such as buffers, 
hedgerows, or windbreaks, that help prevent pests from 
entering cropfields and serve as habitat for beneficial 
insects and wildlife. 

Crop rotation is a physical control mechanism that can 
significantly reduce pest populations, especially those 

USDA 

Conservation tillage practices leave at least 30% residue 
cover, which helps reduce erosion and provide winter cover 
for wildlife inhabiting cropfields and surrounding areas. 

3
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Integrated Pest Management (IPM) 

that are crop-specific or overwinter on site. In order 
for crop rotation to be effective, the alternate host crop 
must be unacceptable to the pest. For example, corn 
rootworm populations are reduced or eliminated by 
rotating from corn to just about any other crop. Rotating 
crops to native grasses or legumes, small grain cover 
crops, and winter cover crops can provide food and 
cover for some wildlife species while disrupting the corn 
rootworm life cycle and reducing their numbers. 
Landowners and managers should avoid continuous crop 
monocultures, which can increase reliance on pesticides 
and reduce soil fertility. In some cases, adjusting planting 
or harvesting dates is an effective control method. For 
example, early alfalfa harvest dates can help reduce 
alfalfa weevil populations by eliminating their 
overwintering source (alfalfa stalks). 

USDA 

Crop residue can provide winter cover for birds and small 
mammals. Snow trapped in the stubble creates pockets of 
space used by small mammals in winter. Trapped snow 
also adds ground moisture in the spring for new plant 
growth. 

Table 1. Cultural controls and their application in Integrated Pest Management*. 
Cultural control Application in IPM Advantages/disadvantages 
Crop rotation Cultivated area that alternates between 

different kinds of crops to reduce crop-
specific pest populations and improve 
soil health, tilth, and increase crop vigor. cycles of some pests, especially if pests are 

Planting the same crops year after year can 
lead to a buildup of crop pests and reduced 
soil fertility. Crop rotation breaks the life 

crop-specific or over-winter on-site. Rotation 
can significantly reduce pesticide use. Not all 
crops in a rotation are equally profitable. 

Tillage Practice of cultivating soil to prepare a 
seedbed or control weeds. 

Can significantly reduce herbicide use. 
Moving soil increases erosion; exposes weed 
seeds on soil surface, which encourages new 
weed growth. 

Conservation tillage All-encompassing term for minimum 
tillage, no-tillage, and other farming 
practices that reduce or eliminate 
plowing; newly planted crops protected After many years, no-till can result in soil 
by at least 30% residue cover. 

Enhances soil and water conditions by 
reducing erosion. Can improve wildlife habitat, 
especially cover for many wildlife species. 

compaction unless cut below soil surface. 
Relies heavily on herbicides. 

Sanitation Cleaning or sterilizing equipment or 
materials used in pest-infested fields to 
help reduce the spread of pests to 
other crops. 

Spraying or cleaning contaminated equipment 
can help reduce the spread of fungi, diseases, 
and weed seeds to noninfested crops. 
Sanitation also includes removing trash from 
waterways and removing heavy vegetation 
from around buildings and structures. 

Exclusion Actual barriers used to prevent pests 
from entering fields. 

Fences, both aboveground and underground 
are used to prevent vertebrate pests from 
entering fields. Other types of barriers include 
certified disease-free and weed-free seeds. 

Prescribed burning Fire set deliberately by management to 
achieve a particular management 
objective. A fire plan must be approved 
and/or meet legal requirements. 

Clears residual materials that may harbor over-
wintering pests and helps control woody or 
undesirable vegetation. Smoke may be a 
problem in more urban areas. 

*The cultural controls listed are most effective when used in combination and with biological controls to 
reduce pesticide use and improve long-term crop and soil health. 
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Tillage is the primary cultural control method, and is 
particularly effective when used in combination with 
spot herbicide treatments. However, tillage can increase 
soil erosion and if conducted during the breeding season, 
can destroy eggs, young, and adult ground-nesting birds 
and other wildlife. 

Conservation tillage practices reduce or eliminate 
plowing, and newly planted croplands are protected by 
at least 30 percent residue cover. Crop stubble can 
provide winter cover for wildlife by creating space in 
snow trapped against the stubble. These snowdrifts 
also increase soil moisture for spring planting. Over 
time, conservation tillage can also improve soil and water 
quality by increasing organic matter, reducing soil erosion 
and pesticide runoff, and increasing soil clumping, which 
promotes root establishment. 

Other cultural controls like mowing, disking, sanitation, 
and increased row spacing (to increase airflow and 
reduce dampness) can be used in various combinations 
to control pest populations. Genetic controls use 
resistant plant strains to help prevent pest outbreaks. 
Weed- or disease-free certified seeds can be planted to 
help reduce herbicide and fungicide use. Table 1 
describes some commonly used cultural controls that 
when combined and integrated with biological controls 
and limited pesticide use, typically improve wildlife habitat 
and long-term crop and soil health on agricultural lands. 

Biological control 

Predators, parasitoids, and pathogens are the three main 
agents of biological control. Common predators include 
insects, birds, and bats and other mammals. Parasitoids 
are typically tiny wasps that lay eggs on insect hosts. 
The wasp larvae then feed on and kill the hosts. 
Parasitoids are not dangerous to humans, livestock, or 
poultry. Pathogens are selective organisms that cause 
disease and include viruses, bacteria, fungi, and 
nematodes. 

Biological control agents, particularly predators, need 
suitable habitat near or adjacent to crops. There are 
several habitat management practices that landowners 
and managers can implement that create, maintain, or 
enhance habitat for beneficial species. Agroforestry, a 
combination of agriculture and forestry, is a land use 
system that retains or introduces a mix of trees and 
other woody perennials in crop and animal production 
systems to take advantage of economic and ecological 

Windbreaks, 
posed of conifers, de­
ciduous trees, and 
shrubs, provide food 
and cover for wildlife 
and beneficial insects 
and can act as pest bar­
riers between adjacent 
crop fields. 

com­

interactions, providing habitat for beneficial animals and 
other wildlife. Some agroforestry practices include: 

�	 Windbreaks — multiple rows of trees and 
shrubs planted and managed to protect farm-
steads or incorporated as part of crop or live-
stock operations to enhance production. 

�	 Alley cropping— growing food, forage, or other 
crops between rows of planted trees or shrubs. 

�	 Riparian forest buffers— Natural or re-estab­
lished forests along waterways comprised of 
trees, shrubs, and grasses designed to filter non-
point source pollution from adjacent croplands. 

Agroforestry and other habitat enhancing practices 
often benefit wildlife that use edge habitats. 
Establishment of non-native or woody plants in areas 

Big-eyed bugs (top) are

important predators in

many crop systems in

North America, par­

ticularly in cotton.

They feed on eggs and


Jack Kelly Clark University of California, Davis larvae of bollworm 

(bottom), pink boll-
worm, tobacco bud-
worm, and other pests. 
Big-eyed bugs also prey 
on whiteflies, mites, and 
aphids. 

Texas A&M University Department of Entomology 
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of native prairie grassland is generally not 
recommended. Many grassland wildlife populations, 
especially birds, are rapidly declining; introduction of 
woody vegetation to native grasslands may accelerate 
this decline. 

When maintaining or enhancing habitat for beneficial 
species, there are treatments that improve habitat quality. 
As a general rule, the wider the windbreak or buffer, 
the more beneficial it is for wildlife. Choose native 
trees, shrubs, grasses, and legumes for planting 
conservation buffers and ground cover crops that best 
support beneficial species without harming crop growth. 
Fruit- and seed-producing vegetation provides a rich 
food source for many wildlife species. Diverse, vertical 
vegetation structure provides for various nesting, 
roosting, and foraging needs. Snags should be preserved 
when possible for cavity-nesting birds and small 
mammals. Leaving a vegetated buffer strip between 
crops and high-use wildlife areas can be beneficial to 
insects and animals during tillage operations and 
chemical treatments. Windbreaks and other conservation 
buffers should connect habitat patches on the landscape 
where possible. 

Beneficial insects— predators and parasitoids 

Introducing beneficial insects can be expensive, and 
there is no guarantee that beneficial species will stay in 
a particular field, especially if suitable habitat is not 
available. Perhaps the best way to integrate beneficial 
insects into an IPM plan is to ensure that habitat 

Galerucella calmeriensis 
(top) and G. pusilla are Eu­
ropean beetles introduced 
in 1992 to North America 
to control purple loos­
estrife (bottom), an exotic 
weed that chokes our na-

B. Blossey Cornell University	
tive vegetation in North 
American wetlands, 
greatly decreasing wild-
life habitat value. 

J. Dykinga, USDA ARS 

Green lacewing larvae prey on aphids, spider mites, small 
caterpillars, and the eggs of leafhoppers, leafminers, moths, 
and other pests. 

attractive to these animals is available near crop fields 
in need of protection. Field borders and other 
conservation buffer practices containing a diversity of 
native vegetation is one way to provide this habitat near 
and between crop fields. Beneficial insects and other 
arthropods include predators and parasitoids. 

Predators feed on the eggs, larvae and adults of insect 
pests. Beetles, mites, and spiders are common 
predators. Lady beetle larvae feed on aphids and the 
eggs of other pest insects. Green lacewings consume 
aphids, mites, and other pests. Predatory mites consume 
spider mites. Damsel bugs, big-eyed bugs, mantids, 
minute pirate bugs, assassin bugs and others are 
important pest predators in various seasons. 

S. Long Cornell University 

Muscidifurax raptor is an important parasitoid of house 
flies, stable flies, and other fly species. 

B. Blossey Cornell University 
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Parasitoids are insects that attack and lay eggs inside 
the pupa case of another species. After hatching, the 
parasitoid larva consumes the host pupa before emerging 
as an adult. Encarsia spp., Muscidifurax raptor, 
Nasonia vitripennis, and Spalangia cameroni are a 
few important parasitoid species. Parasitic nematodes 
also consume grubs, beetles, grasshoppers, and other 
pests. 

Pathogens 

Pathogens are micro-organisms, including bacteria, fungi, 
protozoa, and viruses, that cause disease and live on 
and in the bodies of insects. Pathogens occur naturally 
and can substantially reduce pest populations. They 
are highly selective, so they have limited negative effects 
on humans and non-target organisms. 

The most commonly used pathogen is Bt (Bacillus 
thuringiensis), which is a bacterium that controls a 
variety of plant pests from caterpillars (Lepidoptera) to 

Ken Hammond USDA 

Bats can help control insect pests in orchards and reduce 
the need for pesticide application. 

Bat Conservation International 

Big brown bat preying on insect. 

mosquito and small fly larvae (Diptera) to beetles 
(Coleoptera). As a biological pesticide, Bt also controls 
simuliid blackflies, which are vectors for river blindness 
in Africa. Landowners and managers can use variations 
of Bt that are used to control particular families or 
species of insects without harming non-target insect 
species. Varieties of some crops, such as Bt corn and 
Bt cotton, have been genetically altered to contain the 
Bt bacterium toxin to kill susceptible insect pests. 
However, there is controversy regarding the ability of 
pests to develop resistance to Bt crops. 

Different kinds of pathogens control different types of 
pests. For example, Japanese beetle grubs can be 
controlled using milky spore disease (Bacillus popilliae), 
which occurs naturally in some grubs. Milky spore 
disease bacteria are cultured in living hosts and used 
for long-term control of chafer beetles, particularly 
Japanese beetles. Fungi can also act as important pest 
controls. Pine root rot (Heterobasidion annosum), 
one of the most damaging root pathogens of coniferous 
trees, spreads quickly from infected roots to healthy 
roots and also colonizes freshly cut stumps. Another 
fungus, Phlebiopsis gigantea, helps prevent invasion 
of pine root rot when applied to freshly cut stumps. 

Bats and IPM 

Bats are a recently recognized form of biological control 
useful in IPM. Bats play key ecological roles in many 
plant communities, eating insects, pollinating flowers, 
and dispersing seeds. Bats are useful in controlling pest 
populations in agricultural fields and orchards, and are 
the only major predator of night-flying insects. The 
food items consumed by bats depend on the bat species, 
season, and available prey. Listed below are some little-
known bat facts. 

�	 An average-sized maternity colony of 150 big 
brown bats can consume 38,000 cucumber 
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Bat Conservation International 

Monitoring bat boxes during daylight hours minimizes dis­
turbance to roosting bats. 

beetles, 16,000 June bugs, 19,000 stink bugs, 
and 50,000 leafhoppers in one summer. 

�	 One endangered gray bat can eat 3,000 insects 
per night, including moths, flies, and midges. 

�	 One little brown bat can catch 600 mosquitoes 
per hour. 

�	 In a Georgia pecan orchard, Mexican free-
tailed bats took up residence in bat houses 
installed by the landowners. The colony 
contained about 600 individual bats and virtually 
eliminated problems and pesticide use 
associated with tent caterpillars, hickory 
shuckworms, and other pests. 

�	 A Willamette Valley, Oregon organic farmer 
nearly eliminated pesticide use for corn 
earworm moths by attracting local bat colonies 
to the orchards. The Oregon farmer reduced 
pesticide use from 13 to two applications per 
year, and did not need to spray until after birds 
and bats had migrated south for the season. 

Attracting bats to croplands and orchards requires proper 
bat house construction and placement in proximity to 
reliable food sources. If there is a local colony of bats 
nearby, bats will likely take notice of bat houses more 
readily. For more information on bat habitat and building 
and installing houses for bats in North America, see 
Fish and Wildlife Habitat Management Leaflet No. 5, 
Bats. 

Birds and IPM 

Birds are another recently recognized addition to the 
list of biological pest control agents. When used in 
combination with other pest control treatments, birds 
may help reduce populations of insects and small 
mammals. Erecting perches and artificial nesting 
structures for raptors and songbirds is an easy way to 
complement IPM efforts. Perches and nesting 
structures can be placed around the perimeter of crop 
fields or in nearby suitable habitat. Designs for nest 
boxes and other wildlife nesting structures are provided 
in Fish and Wildlife Habitat Management Leaflet No. 
20, Artificial Nesting Structures. 

A study in the Pacific Northwest found that hawks, 
kestrels, and shrikes were attracted to sites where 
artificial nesting structures were installed. Voles were 
a major diet component, but the results of the study 
concerning the effect of raptor predation on small 
mammal populations were inconclusive. In a separate 
study, barn owls consumed large numbers of gophers, 
mice, and other rodents that are potential pests to crops, 
tree plantations, orchards, and vineyards. These and 
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Eastern bluebirds, which prefer the open field habitat as­
sociated with agricultural lands, may benefit from reduced 
pesticide use on crop fields. 
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other studies indicate that raptors can be effective 
biological pest control agents on agricultural lands, 
especially when used in combination with other control 
methods. 

Chemical control 

Chemical control agents include pesticides, biopesticides, 
pheremones, and other chemicals used to suppress pest 
outbreaks. Under IPM, some level of pest activity is 
tolerated, and most crops survive some damage before 
economic loss occurs. IPM chemical controls, 
specifically pesticides, are used when routine scouting 
trips show that pest populations reach levels that reduce 
yields and breach economic thresholds. Chemical 
controls are applied as a last resort, and are still used in 
combination with other management treatments. 
Individuals applying chemical pesticides must do so in 
compliance with applicable federal and state laws and 
regulations. For more information contact your state 
pesticide regulatory agency, state department of 
agriculture, or state department of environmental quality. 

Pesticides can negatively affect non-target organisms 
and natural resources, including beneficial insects, 
natural pest enemies, fish, wildlife, humans, and soil, air, 
and water quality. Pesticides such as herbicides also 
reduce food and cover that is important to beneficial 
insects and fish and wildlife. The list below includes 
some of the important concepts of chemical use under 
IPM. 

•	 Choose the least toxic chemical to reduce the 
chance of harming beneficial organisms, fish, 
wildlife, and humans. Choose a less persistent 
chemical to increase the rate of chemical 
breakdown in the soil. Remember to consider the 
whole landscape when choosing pesticides. Some 
chemicals do not affect certain species, but can be 
detrimental to others, both on-site and elsewhere in 
the watershed. 

•	 Minimize spray drift during application by using the 
appropriate nozzle, pressure, and volume to regulate 
droplet size. Also Consider: (1) adding a drift control 
agent, (2) using groundbooms, fitted with a skirt, 
instead of airplanes, (3) applying at a lower 
temperature and higher humidity, (4) not spraying 
during a temperature inversion, (5) using a soil 
incorporation method instead of spraying. 

•	 Avoid spraying if wind speeds are greater than 10 
mph. 

•	 Avoid spraying over, or washing equipment near, 
lakes, ponds, streams, or other bodies of water. 
Immediately report any chemical spills to the proper 
authorities. 

•	 Conduct chemical controls through spot treatments 
if pest outbreak is limited to particular areas. Spot 
treatments reduce costs and save time by treating 
only the affected area, and conserve beneficial 
species and surrounding habitat in untreated areas. 

•	 Use less volatile pesticides to minimize volatilization, 
which occurs when a solid pesticide converts to a 
gas and is carried away from the target area by 
wind. 

Post-treatment Monitoring 

Post-treatment monitoring determines the short- and 
long-term effectiveness of management treatments. If 
management actions do not produce the desired results, 
then re-evaluate and adjust the treatments. 

Organic Farming 

Organic farming is an alternative to conventional farming 
that incorporates many principles of IPM. This type of 
farming does not use chemical control methods, but 
relies on techniques such as crop rotation, natural 
manures, composting, organic fertilizer, and biological 
pest controls. Some farmers are concerned with lower 
yields associated with organic farming, but low 
production costs usually compensate for lower yields. 
When properly conducted, organic farming techniques 
increase soil organic matter and soil tilth, minimize runoff 
and erosion, and provide quality fish wildlife habitat. 
Overall, organic farming is an environmentally friendly, 
sustainable agricultural practice that can benefit 
producers and wildlife. 

Landowner Assistance 

There are many agencies and organizations experienced 
with IPM treatments and effects on fish and wildlife 
habitats. The USDA NRCS produced the Core4 
Conservation Practices Training Guide (see 
References), which contains information about 
integrated pest management, conservation tillage, 
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nutrient management, and conservation buffers. 
Extension agents and NRCS technicians can supply 
landowners with information about IPM. The National 
IPM Network lists contacts by region and state, gives 
technical information about specific pests and 
management treatments, and contains a directory of 
state IPM coordinators on-line at www.reeusda.gov/ 
nipmn. The EPA Office of Pesticide Programs also has 
information and links to IPM information on-line at 
www.epa.gov/pesticides . The Consortium for 
International Crop Protection (CICP) and IPMnet 
website contains IPM technical information and links 
at www.ipmnet.org. Many universities also develop 
IPM handbooks through agriculture, forestry, or 
entomology departments. 
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IDENTIFICATION
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AN OVERVIEW

Richard A. Dolbeer
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Washington, DC 20090

Introduction

Wildlife management is often thought
of in terms of protecting, enhancing,
and nurturing wildlife populations
and the habitat needed for their well-
being. However, many species at one
time or another require management
actions to reduce conflicts with people
or with other wildlife species. Exam-
ples include an airport manager modi-
fying habitats to reduce gull activity
near runways, a forester poisoning
pocket gophers to increase tree seed-
ling survival in a reforestation project,
or a biologist trapping an abundant
predator or competing species to
enhance survival of an endangered
species.

Wildlife damage control is an increas-
ingly important part of the wildlife
management profession because of
expanding human populations and

intensified land-use practices. Concur-
rent with this growing need to reduce
wildlife-people conflicts, public atti-
tudes and environmental regulations
are restricting use of some of the tradi-
tional tools of control such as toxicants
and traps. Agencies and individuals
carrying out control programs are
being more carefully scrutinized to
ensure that their actions are justified,
environmentally safe, and in the public
interest. Thus, wildlife damage control
activities must be based on sound
economic, ecological, and sociological
principles and carried out as positive,
necessary components of overall wild-
life management programs.

Wildlife damage control programs can
be thought of as having four parts: (1)
problem definition; (2) ecology of the
problem species; (3) control methods
application; and (4) evaluation of con-
trol. Problem definition refers to deter-

mining the species and numbers of
animals causing the problem, the
amount of loss or nature of the con-
flict, and other biological and social
factors related to the problem. Ecology
of the problem species refers to under-
standing the life history of the species,
especially in relation to the conflict.
Control methods application refers to
taking the information gained from
parts 1 and 2 to develop an appropri-
ate management program to alleviate
or reduce the conflict. Evaluation of
control allows an assessment of the
reduction in damage in relation to
costs and impact of the control on
target and nontarget populations and
the environment. Increasingly, empha-
sis is being placed on integrated pest
management whereby several control
methods are combined and coordi-
nated with other management prac-
tices in use at that time.

PREVENTION AND CONTROL OF WILDLIFE DAMAGE — 1994

Cooperative Extension Division
Institute of Agriculture and Natural Resources
University of Nebraska - Lincoln

United States Department of Agriculture
Animal and Plant Health Inspection Service
Animal Damage Control

Great Plains Agricultural Council
Wildlife Committee
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Birds

Damage Assessment

Birds annually destroy many millions
of dollars worth of agricultural crops
in North America. The greatest loss
appears to be from blackbirds feeding
on ripening corn; a survey in 1981 indi-
cated a loss in the United States of
330,000 tons (300,000 metric tons)
worth $31 million (Besser and Brady
1986). Blackbird damage to sunflower
crops in the upper Great Plains states
was estimated at $5 million in 1979
and $8 million in 1980 (Hothem et al.
1988). Damage by various bird species
to fruit crops, peanuts, truck crops,
and small grains also can be severe in
localized areas (Besser 1986). Fish-
eating birds can cause major losses at
fish rearing facilities. Economic losses
from bird strikes to aircraft are per-
haps more substantial than those in ag-
riculture, at least $20 million annually
each for US commercial air carriers
(Steenblik 1983) and military aircraft
(Merritt 1990).

Unlike most mammals, which are
secretive when causing damage, birds
are often highly visible and their dam-
age conspicuous. For this reason, sub-
jective estimates often overestimate
losses as much as tenfold (Weather-
head et al. 1982). Thus, objective esti-
mates of bird damage to agricultural
crops are important in order to accu-
rately define the magnitude of the
problem and to plan appropriate, cost-
effective control actions (Dolbeer
1981).

To estimate losses due to birds in agri-
cultural crops, one must devise a sam-
pling scheme to select the fields that
are to be examined and then determine
the plants or areas to be measured in
the selected fields (Stickley et al. 1979).
For example, to objectively estimate
the amount of blackbird damage in a
ripening corn or sunflower field, the
estimator should examine at least 10
locations widely spaced in the field. If
a field has 100 rows and is 327 yards
(300 m) long, the estimator might walk
staggered distances of 33 yards (30 m)
along 10 randomly selected rows (for
example, 0 to 33 yards [0 to 30 m] in

row 9, 34 to 65 yards [31 to 60 m] in
row 20; and so on). In each 33-yard
(30-m) length, the estimator should
randomly select 10 plants and estimate
the damage on each plant’s ear or
head. Bird damage to corn can be esti-
mated by measuring the length of
damage on the ear (DeGrazio et al.
1969) or by visually estimating the per-
cent loss of kernels (Woronecki et al.
1980) and converting to yield loss per
acre (ha). Fruit loss can be estimated
by counting the numbers of undam-
aged, pecked, and removed fruits per
sampled branch (Tobin and Dolbeer
1987). Sprouting rice removed by birds
can be estimated by comparing plant
density in exposed plots with that in
adjacent plots with wire bird exclo-
sures (Otis et al. 1983). The seeded sur-
face area of sunflower heads destroyed
by birds can be estimated with the aid
of a clear plastic template (Dolbeer
1975).

Losses of agricultural crops to birds
can be estimated indirectly through
avian bioenergetics. By estimating the
number of birds of the depredating
species feeding in an area, the percent
of the crop in the birds’ diet, the caloric
value of the crop, and the daily caloric
requirements of the birds, one can
project the total biomass of crop
removed by birds on a daily or sea-
sonal basis (White et al. 1985, Weather-
head et al. 1982).

Damage Identification

Most bird damage occurs during day-
light hours. Thus, observation is the
best way to identify the species caus-
ing damage. Presence of a bird species
in a crop that is receiving damage does
not automatically prove the species
guilty, however. For example, large,
conspicuous flocks of common grack-
les in sprouting winter wheat fields
were found, after careful observation
and examination of stomach contents,
to be eating corn residue from the pre-
vious crop. Smaller numbers of star-
lings were removing the germinating
wheat seeds (Dolbeer et al. 1979).
Below, the characteristics of damage
for various groups of birds are
described.

Blackbirds and Starlings

The term blackbird loosely refers to a
group of about 10 species of North
American birds, the most common of
which are the red-winged blackbird,
common grackle, and brown-headed
cowbird. The starling, a European spe-
cies introduced to North America in
the late 1800s, superficially resembles
native blackbirds and often associates
with them. Together, blackbirds and
starlings constitute the most abundant
group of birds in North America, com-
prising a combined population of more
than 1 billion (Dolbeer and Stehn
1983).

Gulls

Several gull species have adapted to
existing in proximity to people, taking
advantage of landfills for food. For
example, the ring-billed gull popula-
tion in the Great Lakes region has been
increasing at about 10% per year since
the early 1970s (Blokpoel and Tessier
1984). Gulls are the most serious bird
threat to flight safety at airports
(Solman 1981). They are increasingly
causing nuisance problems in urban
areas by begging for food, defacing
property, contaminating municipal
water supplies, and nesting on roof-
tops. In rural areas, gulls sometimes
feed on fruit crops, consume fish at
aquaculture facilities, eat duck eggs
and kill ducklings, and compete with
threatened bird species for nest sites.
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Blackbird damage to ripening corn,
sunflower, and rice can be serious
(Dolbeer 1994). Much of this damage is
done in late summer during the milk
or dough stage of seed development.
The seed contents of corn are
removed, leaving the pericarp or outer
coat on the cob. Blackbird damage to
sprouting rice in the spring can be
important in localized areas.

Starling depredations at feedlots in
winter can cause substantial losses
(Glahn et al. 1983, Besser et al. 1968).
Although contamination of livestock
feed by starling feces is often a concern
of farmers, a study indicated this con-
tamination did not interfere with food
consumption or weight gain of cattle
and pigs (Glahn and Stone 1984). Star-
lings can be serious depredators in
fruit crops such as cherries and grapes.

Perhaps the greatest problem caused
by blackbirds and starlings is their pro-
pensity to gather together in large,
nocturnal roosting congregations,
especially in winter. The noise, fecal
accumulation, and general nuisance
caused by millions of birds roosting
together near human habitations can
be significant (White et al. 1985).
Roosting birds near airports can create
a safety hazard for aircraft. Roost sites,
if used for several years, can become
focal points for the fungus that causes
histoplasmosis.

Pigeons and House Sparrows

Pigeons and house sparrows are urban
and farmyard birds whose droppings
deface and deteriorate buildings.
Around storage facilities they consume
and contaminate grain. Pigeons and
sparrows may carry and spread vari-
ous diseases to people, primarily
through their droppings (Weber 1979).
Droppings allowed to accumulate over
several years are of particular concern

Herons, Bitterns, and Cormorants

These species sometimes concentrate
at fish-rearing facilities and cause sub-
stantial losses (Salmon and Conte
1981). Salmon smolts released in rivers
in the northeastern United States have
suffered heavy depredation by cormo-
rants. In recent years, double-crested
cormorants have caused serious losses
at commercial fish ponds in the south-
ern United States (Stickley and
Andrews 1989). Nighttime observa-
tions are sometimes necessary to
determine the depredating species
because herons and bitterns will feed
at night.

Crows, Ravens, and Magpies

Crows, ravens, and magpies are well-
known predators of eggs and nestlings
in other birds’ nests. In certain situa-
tions, these species kill newborn lambs
or other livestock by pecking their eyes
(Larsen and Dietrich 1970). Magpies
sometimes peck scabs on freshly
branded cattle.

Crows occasionally damage agricul-
tural crops such as sprouting and rip-
ening corn, apples, and pecans. Most
of this loss is localized and minor.
Crow damage to apples can be distin-
guished from damage by smaller birds
by the deep (up to 2 inches [5 cm]), tri-
angular peck holes (Tobin et al. 1989).
Roosting congregations of crows in
trees in parks and cemeteries some-
times cause nuisance problems
because of noise and feces.

Hawks and Owls

The raptors most often implicated in
predation problems with livestock
(primarily poultry and game farm
fowl) are goshawks, red-tailed hawks,
and great-horned owls (Hygnstrom
and Craven 1994). Unlike mammalian
predators, raptors usually kill only one
bird per day. Raptor kills usually have
bloody puncture wounds in the back
and breast. Owls often remove the
head. Raptors generally pluck birds,
leaving piles of feathers. Plucked feath-
ers with small amounts of tissue cling-
ing to their bases were pulled from a
cold bird that had probably died from
other causes and was simply scav-
enged by the raptor. If the base of a
plucked feather is smooth and clean,
the bird was plucked soon after dying.
Because raptors have large territories
and are not numerous in any one area,
the removal of one or two individuals
will generally solve a problem.

because they may harbor spores of the
fungus that causes histoplasmosis.
House sparrows can damage small
grain crops but this is normally of eco-
nomic concern only around agricul-
tural experiment stations with small
but valuable research plots (Royall
1969). Sparrows build bulky grass
nests in buildings, drain spouts, and
other sites where they can cause fire
hazards or other problems.
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et al. 1983). The birds peck holes to
locate insects, store acorns, or establish
nest sites. They also damage utility
poles. Sapsuckers attack trees to feed
on the sap, bark tissues, and insects
attracted to the sap. This feeding can
sometimes kill the tree or degrade the
quality of wood for commercial
purposes (Ostry and Nicholls 1976).
Woodpeckers occasionally annoy
homeowners by knocking on metal
rain gutters and stove pipes to
proclaim their territories.

Ungulates (Deer, Elk,
Moose)

Damage Assessment

Ungulate damage to various agricul-
tural, forestry, and ornamental crops
caused by feeding, trampling, and ant-
ler rubbing is an increasing problem.
Deer browsing in winter on buds of
apple and other fruit trees can reduce
yields the following year (Austin and
Urness 1989) or adversely alter the
growth pattern of tree limbs (Harder
1970). Similar browsing on nursery
plants and in Christmas tree planta-
tions can reduce or eliminate their
market value (Scott and Townsend
1985). Browsing of hardwood saplings
and young fir trees in regenerating for-
ests can reduce growth rates, misshape
trees, and even cause plantation fail-
ures (Crouch 1976, Tilghman 1989).

Damage to trees caused by antler rub-
bing can be severe (Scott and
Townsend 1985). Small trees (1/2 to 1
inch [1.6 to 2.5 cm] in diameter at 6
inches [15 cm] above ground) with
smooth bark, such as green ash, plum,
and cherry, were preferred for antler
rubbing by white-tailed deer in an
Ohio nursery (Nielsen et al. 1982).

Objective estimates of economic loss
from ungulate browsing and rubbing
in orchards, nurseries, and reforesta-
tion projects are difficult to obtain.
Losses in yield or tree value may accu-
mulate for many years after damage
occurs and vary with other stresses,
including rodent damage, inflicted on
the plants. In Ohio, growers reported
average losses to deer in 1983 of $82
per acre ($204/ha) for orchards, $89
per acre ($219/ha) for Christmas tree
plantings, and $108 per acre ($268/ha)
in nursery plantings (Scott and
Townsend 1985). Losses apparently

Golden Eagles

Golden eagles occasionally kill live-
stock, primarily lambs and kids on
range. This predation can be locally
severe in the sheep-producing areas
from New Mexico to Montana
(Phillips and Blom 1988).

Close examination is needed to iden-
tify an eagle kill. Eagles have three
front toes opposing the hind toe, or
hallux, on each foot. The front talons
normally leave punctures about 1 to 2
inches (2.5 to 5.0 cm) apart in a straight
line or small “V” and the wound from
the hallux will be 4 to 6 inches (10 to 15
cm) from the middle toe. In contrast,
mammalian predators almost always
leave four punctures or bruises from
the canine teeth. Talon punctures are
usually deeper than tooth punctures
and there is seldom any crushing of
tissue between the talon punctures. If a
puncture cannot be seen from the out-
side, skin the carcass to determine the
pattern of talon or tooth marks. Often
a young lamb is killed with a single
puncture from the hallux in the top of
the skull and the three opposing talons
puncturing the base of the skull or top
of the neck (O’Gara 1978, O’Gara
1994).

Woodpeckers

Woodpeckers at times cause damage
to buildings with wood siding,
especially cedar and redwood (Evans

Ducks, Geese, and Sandhill Cranes

Damage by ducks and cranes to
swathed or maturing small grain crops
during the fall harvest is a serious
localized problem in the northern
Great Plains region (Knittle and Porter
1988). Damage occurs from direct
consumption of grain and from
trampling, which dislodges kernels
from heads. Losses from trampling
may be at least double the losses from
consumption (Sugden and Goerzen
1979).

Canada and snow geese that graze on
winter wheat and rye crops can reduce
subsequent grain and vegetative yields
(Kahl and Samson 1984, Conover
1988). Canada geese can also cause
serious damage to sprouting soybeans
in spring and to standing corn fields in
the autumn. Canada geese have
adapted to suburban environments in
the past 20 years, creating nuisance
problems around parks and golf
courses through grazing and defeca-
tion (Conover and Chasko 1985).
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Rodents and other Small
Mammals

Damage Assessment

Rodents and other small mammals are
seldom observed in the act of causing
damage, and their damage is frequent-
ly difficult to measure. Nonetheless,
assessments of damage that have been
made indicate rodents and nonpreda-
tory small mammals cause tremen-
dous annual losses of food and fiber in
the United States. Forest animal dam-
age in Washington and Oregon was
estimated to total $60 million annually
to Douglas fir and ponderosa pine and
the potential reduction in the total
value of forest resources was esti-
mated to be $1.83 billion (Black et al.
1979, Brodie et al. 1979). Although
these figures include losses attributable
to ungulates, rodents and hares are
responsible for much of the damage.

Miller (1987) surveyed forest managers
and natural resource agencies in 16
southeastern states and estimated
annual wildlife-caused losses, prima-
rily by beavers, to be $11.2 million on
70 million acres (28.4 million ha). An
additional $1.6 million was spent to
control wildlife damage on this land.
Arner and Dubose (1982) estimated
that economic loss to beavers exceeded
$4 billion over a 40-year period on
988,000 acres (400,000 ha) in the south-
eastern United States. Annual loss in
Mississippi to nonimpounded timber
was estimated to be $215 million over
a period of at least 10 years (Bullock
and Arner 1985).

Rats cause substantial losses to sugar-
cane. Lefebvre et al. (1978) estimated
annual losses to be about $6 million ($95
per acre, [$235/ha]) in one-third of the
area producing sugarcane in Florida.
Hawaiian losses were reported to be in
excess of $20 million per year (Seubert
1984). Ferguson (1980) estimated that in
1978, voles caused losses that approached
$50 million to apple growers in the east-
ern United States. Losses of forage on
rangelands to rodents, rabbits, and hares
are also known to be extensive; however,
accurate estimates of the monetary losses
are difficult to obtain because of the
nature of the damage and the wide area

over which it occurs (Marsh 1985).

Pearson and Forshey (1978) compared
yields of apple trees visibly damaged
by voles to those not showing damage
to determine the dollar losses in gross
return per tree. Richmond et al. (1987)
determined reductions in growth,
yield, and fruit size of apple trees dam-
aged by pine vole populations of
known size maintained in enclosures
around the trees.

An index of rodent damage to sugar-
cane was developed through sampling
at harvest to determine the percent of
stalks damaged (Lefebvre et al. 1978).
Clark and Young (1986) established
transects in corn fields and noted
rodent damage to individual seedlings
over a 10-day period. Forage losses
have been estimated by comparing
production on areas with and without
rodents (Turner 1969, Foster and
Stubbendieck 1980, Luce et al. 1981).
Sauer (1977) used exclusion cylinders
to determine losses of forage to
ground squirrels. Alsager (1977)
described a method to determine for-
age production reductions from pocket
gopher damage. These methods are
useful in evaluating efficacy of control
techniques. However, loss estimates
must be converted to accurate assess-
ments of dollar loss to enable benefit-
cost evaluation of control programs.
This conversion is difficult given the
vast acreages involved and the vari-
ability in rodent populations.

In some situations (for example, timber
flooded by beaver, gopher damage to
conifer seedlings, vole damage to apple
trees), failure to initiate control may mean
loss of the entire resource. Thus, poten-
tial loss in these situations is equal to the
cost of replacement of the resource. In
other situations, control may be necessi-
tated irrespective of cost (for example,
rats or mice in homes).

These examples illustrate the complex-
ity of damage situations and the need
for better damage assessment meth-
ods, an area of high priority for future
research. Lack of methods for deter-
mining damage levels has been a seri-
ous impediment to the development of
cost-effective control strategies.

are in the millions of dollars annually
in some US states (Black et al. 1979,
Craven 1983b, Connelly et al. 1987).

Deer also feed on various agricultural
crops, especially young soybean plants
and ripening ears of corn. Hygnstrom
and Craven (1988) estimated a mean
loss of 2,397 pounds of corn per acre
(2,680 kg/ha) for 51 unprotected corn
fields in Wisconsin. Yield reductions in
soybean fields are most severe when
feeding occurs during the first week of
sprouting (DeCalesta and Schwende-
man 1978). Elk in some areas raid hay-
stacks and cattle feedlots (Eadie 1954).

Damage Identification

Ungulates do not have an upper set of
incisors. Thus, twigs or plants nipped
by these hoofed species do not show
the neat, sharp-cut edge left by most
rodents and lagomorphs, but instead
show a rough, shredded edge, and
usually a square or ragged break.
Pearce (1947) observed that deer in the
Northeast seldom browse higher than
6 feet (1.8 m) from a standing position,
but are able to reach up to 8 feet (2.5
m) by rearing up on their hind legs.
Elk and moose browse to a height of
about 10 feet (3 m). Deer seldom
browse on branches more than 1 inch
(2.5 cm) in diameter. Moose and elk
will gnaw the bark of aspen trees.
When male ungulates rub the velvet
from their antlers, the scarring is gen-
erally confined to the trunk area up to
3 feet (1 m) high (Pearce 1947).
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Damage Identification

Most wild mammals are secretive and
not easily observed; many are noctur-
nal. Often the investigator must rely
on various signs, such as tracks, trails,
tooth marks, scats, or burrows to
determine the species doing the dam-
age. Trapping may be necessary to
make a positive identification of small
rodents; frequently, more than one
species is involved.

Characteristics of the damage may
also provide clues to the species
involved. In orchards, for example,
major stripping of roots is usually
caused by pine voles, whereas damage
at the root collar or on the trunk up to
the extent of snow depth is most often
caused by meadow voles. In sugar-
cane, various species of rats gnaw
stalks so that they are hollowed out be-
tween the internodes but usually not
completely severed. Rabbits, in con-
trast, usually gnaw through the stalks,
leaving only the ring-shaped inter-
nodes.

Damage to plants can generally be
grouped as follows: root damage —
pocket gophers and pine voles; trunk
debarking—meadow voles, squirrels,
porcupines, wood rats, rabbits, and
mountain beavers; stem and branch
cutting—beavers, rabbits, meadow
voles, mountain beavers, pocket
gophers, wood rats, squirrels, and
porcupines; needle clipping—mice,
squirrels, mountain beavers, porcu-
pines, and rabbits; debudding—red
squirrels and chipmunks. These
characteristics can aid in identification
of the species responsible, but positive
identification should be made either by
species-specific signs (tracks, hair,
droppings) or by capture of
individuals.

Armadillos

The armadillo has extended its range
eastward and northward from Texas
and is now found in all Gulf Coast
states and parts of New Mexico, Okla-
homa, Kansas, Arkansas, and Missouri
(Humphrey 1974). Armadillos feed
primarily on invertebrates obtained by
rooting in ground cover. When rooting

unfamiliar with bat identification are
urged to seek professional help from
wildlife agencies or universities
(Frantz 1986).

The presence of bats in a building is
usually evidenced by noise (squeaking,
scratching) and by the presence and
distinctive pungent odor of the accu-
mulated fecal droppings and urine. Bat
feces are readily distinguished from
those of rodents by odor, insect con-
tent, and the ease with which they are
crushed (Greenhall 1982).

Many people are fearful of bats and
panic in their presence. Bats occasion-
ally contract rabies, and although few
human deaths have resulted from bat-
transmitted rabies (Greenhall 1982),
contact with a rabid bat or a bite by a
bat that escapes requires postexposure
treatment of people and pets without
current vaccinations (Frantz 1986). The
fungal causative organism of histo-
plasmosis, a respiratory disease of
humans, can develop where bat colo-
nies are allowed to persist and guano
deposits accumulate. Bats roosting
near airports may be hazardous to air-
craft (Kincaid 1975).

Beavers

Beaver damage is easily identified by
the distinctive cone-shaped tree
stumps resulting from their gnawing,
and often by the presence of their
dams and lodges. The latter might not
be present, however, in ponds or reser-
voirs, or along swift mountain
streams, where they burrow into
banks. Usually, when beavers are
active in an area, green sticks with the
bark freshly peeled off may be found.

Damage caused by beavers results
from feeding behavior (tree cutting)
and their efforts to control water levels
(dam building). Tree cutting in certain
situations results in selective elimina-
tion of preferred tree species, such as
aspen and cottonwood, from the vicin-
ity (Beier and Barrett 1987). Loss of
timber and crops from flooding is of
much greater importance, however,
especially in the southeastern United
States where beaver populations have
increased dramatically as a result of a

takes place in lawns, golf courses, or
gardens, economic damage results.
There is also concern about the impact
of armadillos on forest floor communi-
ties within their expanded range (Carr
1982).

Armadillo burrows under orchard
trees can cause root damage or exces-
sive aeration (Marsh and Howard
1990). Nuisance problems result when
armadillos burrow under structures.
Armadillos carry the bacterium that
causes leprosy in humans, but their
importance in transmission of the dis-
ease to humans has not been deter-
mined (Davidson and Nettles 1988).

Bats

Bats, the only mammals capable of
true flight, eat vast quantities of
insects. Only a few of the 40 species of
bats found in the United States and
Canada cause problems, primarily
when they form roosts or maternity
colonies in human dwellings or struc-
tures. Those most commonly encoun-
tered in pest situations are the little
brown bat, big brown bat, Mexican
free-tailed bat, pallid bat in the South-
west, and Yuma myotis in the West
(Greenhall 1982, Frantz 1986). Species
identification may be difficult but is
important because several bat species
are endangered and protected by state
and federal law. Control operators
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are primarily herbivorous, but they
also prey on eggs and young of
ground nesting birds (Hawthorne
1994). They undergo major population
fluctuations. Most damage is a result
of feeding in agricultural crops, espe-
cially melons and sugarcane.

Cotton rats are active day and night
and, when abundant, are often ob-
served. Their presence is also indicated
by well developed runways through
dense vegetation and the presence of
grass cuttings 2 to 3 inches (5 to 8 cm)
in length placed in piles. Pale greenish-
yellow droppings, about 1/2 inch (0.9
cm) long and 1/4 inch (0.5 cm) wide,
are sometimes present in the runway.
Cotton rat sign is similar to that of
voles but droppings, runways, and
clippings of the cotton rat are usually
larger (Hawthorne 1994). Cotton rats
are often one of several rodent species
causing damage in crops.

Peromyscus (Deer Mice, White-
footed Mice)

The genus Peromyscus is large, and one
or more species is found in all parts of
North America. These mice are noctur-
nal and active all year. Peromyscus
populations may show large fluctua-
tions. These mice are the most impor-
tant seed predators in the Pacific
Northwest, causing extensive damage
in reforestation efforts (Sullivan 1978).
Effects on reforestation have caused a
shift to the use of hand-planted seed-
lings in many areas. Peromyscus also
can cause significant losses to corn
seedlings in conservation tillage sys-
tems but this damage may be offset by
their consumption of harmful insects
and weed seeds (Johnson 1986, Clark

decline in trapping due to low pelt
prices (Woodward 1985). Beavers
often use sticks to plug road culverts
or water-control structures in ponds
and reservoirs. Additionally, beavers
can cause extensive damage to levees
and human-made dams by their
burrowing.

Beavers are susceptible to infection by
protozoan parasites (Giardia spp.) that
can cause gastroenteritis and diarrhea
in humans. Transmission to humans
can be prevented by use of proper wa-
ter treatment measures (Davidson and
Nettles 1988).

and Young 1986). Peromyscus may
invade homes where they eat stored
food and damage upholstered furni-
ture or other materials shredded for
use in nest building. They recently
have been implicated in the transmis-
sion of an often fatal hantavirus to
humans. Infections may occur through
contact with mouse urine, feces, or
saliva. Trapping with snap or live
traps is the best method to determine
the species present.

Chipmunks

Occasionally, chipmunks damage
grain fields, garden seeds, flower
bulbs, and plants through burrowing
and feeding. They infrequently destroy
eggs and nestling birds (Eadie 1954).
They can establish residence in or un-
der human dwellings. Chipmunks
cause reforestation problems by con-
suming seeds, seedlings, and the ter-
minal buds of older plants, and by
caching seeds, often in large quantities
(Marsh and Howard 1990). In parts of
the western United States, chipmunks
are a potential reservoir for plague and
are controlled in campgrounds (Marsh
and Howard 1990). Chipmunks are
easily observed due to their diurnal
activity; their presence can also be
determined by trapping.

Cotton Rats

The hispid cotton rat, a common spe-
cies in the southern United States and
in Mexico, is the species of cotton rat
most often causing damage. Two other
species have localized occurrences in
Arizona and New Mexico. Cotton rats

Ground Squirrels

Ground squirrels (genus Spermophilus),
are important pest species in north
central and western North America,
causing serious losses of tree seeds and
emergent seedlings. A careful search
of an area showing damage will reveal
opened seed hulls and caches. Ground
squirrels can inflict serious damage to
pastures, rangelands, grain fields,
vegetable gardens, and fruit or nut
crops. Their burrows can cause col-
lapse of irrigation levees, increase ero-
sion, and result in damage to farm
machinery. They are also an important
predator of waterfowl eggs in the prai-
rie pothole region (Sargeant and
Arnold 1984). They carry several dis-
eases transmissible to humans, includ-
ing plague; in plague endemic areas,
ground squirrel control should be
combined with ectoparasite control
(Marsh and Howard 1990).

Ground squirrels are diurnal and eas-
ily observed (Marsh 1985). They hiber-
nate and estivate, and have major
dietary shifts during the year (Marsh
1985, 1986). Effective control strategies
must consider these factors.
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burrows is noticeably shorter than in
surrounding areas. Occupied burrows
can be identified in spring by the pres-
ence of dirt pellets ranging from
marble to fist size.

Voles

Voles (genus Microtus), also called
meadow mice, field mice, and pine
mice, cause extensive damage to for-
ests, orchards, and ornamentals by
gnawing bark and roots (Pearson and
Forshey 1978, Byers 1984, Pauls 1986,
Sullivan et al. 1987, O’Brien 1994). Tree
or shrub damage usually occurs under
snow or dense vegetation; the bark is
gnawed from small trees near the root
collar and up the trunk as far as the
snow extends. Voles gnaw through
small trees or shoots up to about 1/4
inch (0.6 cm) in diameter. Some species
(for example, pine vole) also cause
extensive damage to root systems; this
damage may not be detected until
spring when it is reflected in the condi-
tion of new foliage. Voles can also
damage field and garden crops; when
vole populations are high, these losses
can be catastrophic (Clark 1984, Marsh
1985). Voles are carriers of plague and
tularemia.

Vole populations are subject to large,
rapid fluctuations. The presence of
voles is most easily determined by
searching for their runways and bur-
row systems. In orchards these can be
found by pulling the grass and other
debris from the bases of trees to
expose the runways. Burrows of pine
voles are usually subterranean. Gnaw-
ing on the trunks and roots of trees is
usually less uniform than that of other
rodents. Tooth marks can be at all
angles, even on small branches, and
may vary from light scratches to chan-
nels 1/10 inch (0.3 cm) wide, 1/12 inch
(0.2 cm) deep, and 1/2 inch (1.3 cm)
long. In hay crops, runways with
numerous burrow openings, clipped
vegetation, and feces, can be located in
dense vegetation.

Moles

Moles feed primarily on soil inverte-
brates, especially earthworms and
grubs (beetle larvae). About 20% of
their food is plant material, which may
include garden vegetables and small
grains (Silver and Moore 1941). Voles
and mice use the burrows of moles
and can be responsible for some dam-
age attributed to moles (Henderson
1994). Burrowing by moles may
reduce production of forage crops by
undermining and smothering vegeta-
tion, and by exposing root systems to
drying. Their surface burrows can also
plug harvesting machinery and con-
taminate hay and silage (Wick and
Landforce 1962). Moles can damage
lawns and golf greens extensively
through burrowing.

The presence of moles can usually be
detected by the mounds of soil thrown
up from extensive tunnels dug in
search of food and by the raised soil of
surface burrows. Mole hills can be dis-
tinguished from pocket gopher
mounds by their more rounded con-
tour and the lack of a burrow entrance
or soil plug (Eadie 1954).

Kangaroo Rats

Kangaroo rats are competitors of live-
stock on arid western rangelands
(Marsh 1985) when present in high
populations, especially during
drought. They can also retard recovery
of overgrazed rangelands when cattle
are removed (Howard 1994) and
spread undesirable shrub species by
caching of seeds (Reynolds and
Glendening 1949, Marsh 1985). Kanga-
roo rats cause significant damage to
alfalfa and corn on irrigated sandy
soils by consuming newly planted
seeds and clipping off seedlings
(Howard 1994). Sorghum, other
grains, and garden crops can also be
damaged in local areas.

Several species of kangaroo rats are
endangered. Kangaroo rats are noctur-
nal, but their burrow systems, with
aboveground mounds and intercon-
necting runways, are readily observed.
Snap trap surveys can identify the spe-
cies present, provided the damage
area is not within the range of one of
the species listed as endangered.

Marmots

Marmots (woodchucks), like ground
squirrels, can cause damage to many
crops; forage production may be
markedly reduced by marmot feeding
and trampling (Marsh 1985). They
damage fruit trees and ornamental
shrubs by gnawing or scratching
woody vegetation (Bollengier 1994).
Their burrows, often located along
field edges, can cause damage to farm
machinery and injure livestock; when
located along irrigation ditches they
can cause loss of water. In suburban
areas, burrows located under build-
ings or in landscaped areas cause
problems (Marsh and Howard 1990).
The presence of woodchucks is easily
determined by direct observation of
animals and burrows. During periods
of forage growth, vegetation around

Mountain Beavers

Mountain beavers cause serious eco-
nomic loss by burrowing through and
feeding on garden vegetables, berry
plants, and young trees. They use
drainage ditches for burrow sites, and
their burrows may undermine road-
ways.

Mountain beavers are a major factor
limiting reforestation in the Pacific
northwest (Borrecco and Anderson
1980, Evans 1987a). Plantations are
most susceptible to damage for 4 years
after planting and when precommer-
cially thinned at about 12 to 15 years
(Evans 1987a). Mountain beavers clip
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feet (15 to 90 cm) above the water sur-
face. Muskrat presence is indicated by
houses and burrow entrances. Under-
water runs can be observed when the
water is clear or after a winter draw
down of ponds or reservoirs (Miller
1994).

On rangeland, soil disturbance and
mound building by pocket gophers
result in increased plant diversity and
a replacement of perennial by annual
grasses (McDonough 1974, Foster and
Stubbendieck 1980, Marsh 1985). They
can greatly reduce the carrying capac-
ity of rangeland for livestock. They can
be a serious pest in alfalfa by feeding
on the leaves, stems, and roots (Marsh
1985). Gopher mounds can cause
equipment breakage and increased
wear on haying machinery. Gopher
tunnels result in water loss in irrigated
areas (Case and Jasch 1994).

Pocket gophers are a major impedi-
ment to reforestation in the western
United States (Crouch 1986). During
winter pocket gophers often forage
above ground by tunneling in the
snow. Coniferous trees have been
found debarked to a height of 12 feet
(3.5 m) by pocket gophers working
under the snow (Capp 1976). Gophers
also fill some of the snow tunnels with
soil, thus forming long tubular “casts”
that remain after the snow melts.

Pocket gopher presence is easily deter-
mined by fan-shaped soil mounds in
contrast to the conical mounds of
moles. Burrow entrances are usually
plugged. Aboveground debarking
injuries caused by pocket gophers
show small tooth marks, differing
from the distinct broader grooves left
by porcupines, and the finely gnawed
surface caused by meadow voles.
Gophers will at times pull saplings and
vegetation into the burrow.

seedlings and gnaw saplings and the
stems and bark of larger trees.

Mountain beavers normally clip seed-
lings through at a 45o angle. On small
seedlings this clipping may be difficult
to distinguish from rabbit damage;
however, rabbits seldom clip stems
larger than 1/4 inch (0.6 cm) in diam-
eter or 20 inches (50 cm) above ground
level, whereas mountain beavers often
cut stems larger than 1/2 inch (1.3 cm)
in diameter and up to 9 feet (3 m)
above ground (Lawrence et al. 1961).
Mountain beavers leave branch stubs,
cut at a 45o angle, protruding from the
main stem. The bark of the main stem
shows horizontal tooth marks and ver-
tical claw marks (Packham 1970). Run-
ways and burrows are present in or
near the damaged area.

Muskrats

Muskrats most often cause problems
where people have created or manipu-
lated wetlands or where wetlands bor-
der agricultural crops. The most
serious damage results from burrows
in pond dams, levees, and irrigation
canals. The burrow entrance is below
water level and penetrates the
embankment at an upward angle to
allow for a room above the water level.
Damage is increased when the water
level rises and the burrow is extended
higher to provide a dry chamber,
thereby increasing chances of wash-
outs and cave-ins. At times, muskrats
cause severe damage to grain, such as
rice, and to garden crops growing near
water. Muskrats are primarily vegetar-
ians, but they will feed on aquatic ani-
mals where vegetation is limited
(Miller 1994).

Muskrats commonly construct cone-
shaped houses projecting 6 inches to 3

Nutria

Nutria are semiaquatic, herbivorous
mammals that feed on aquatic plants,
roots, seeds, and crops grown close to
waterways. The greatest losses from
this introduced rodent are to sugar-
cane and rice, especially in fields adjac-
ent to Gulf Coast marshes (LeBlanc
1994). Nutria may severely impede
cypress regeneration (Conner and
Toliver 1987). They also damage
wooden structures and floating
marinas.

Nutria presence is evidenced by
tracks, droppings, and trails to and
from the damage area. Nutria also
may be observed in the damage area.

Pocket Gophers

Pocket gophers cause substantial dam-
age to agricultural crops, lawns, range-
land, and tree plantings. Gophers feed
primarily on the underground por-
tions of plants and trees. Damage often
is undetected until a tree shows above-
ground signs of stress; by then damage
is frequently lethal (Cummings and
Marsh 1978). Pocket gophers may also
damage plastic irrigation lines on agri-
cultural lands as well as underground
pipes, cables, and electric wires.

Porcupines

Porcupines are usually nocturnal and
are active all year. During summer,
porcupines often feed on succulent
plants, including garden and truck
crops in open meadows, fields, and
along the banks of streams and lakes.
Greatest damage is caused in winter
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when porcupines feed on the inner
bark of trees (Marsh and Howard
1990). Girdling in the upper trunk of
trees often results in dead tops (Evans
1987b). Basal girdling may occur on
seedlings. Porcupines are attracted to
anything containing perspiration salt:
saddles, harnesses, belts, and tool
handles.

Porcupine damage can be identified by
broad incisor marks on the exposed
sapwood. Abundant oblong droppings
about 1 inch (2.5 cm) long can be
found under freshly damaged trees.
Clipped twigs and tracks may also be
found on snow. Top girdling in pine
results in trees with a characteristic
brushy crown.

Competition with cattle does not
always exist, however, and in some
situations beneficial effects of prairie
dogs offset competition. Therefore,
each conflict situation should be evalu-
ated individually (Fagerstone 1981).

Crops planted near prairie dog colo-
nies can receive serious damage from
feeding and trampling. Also, damage
to irrigation systems is common, and
badgers digging for these rodents
cause even greater damage. The bur-
rows and mounds created by prairie
dogs can increase soil erosion, cause
drainage of irrigation water, and result
in damage to farm implements. Prairie
dogs also serve as a reservoir for
plague (Hygnstrom and Virchow
1994).

Prairie dog colonies provide habitat
for other species, such as the endan-
gered black-footed ferret. All lethal
control should be preceded by a care-
ful survey to ensure that ferrets are not
present. The Utah prairie dog is a
threatened species and should not be
controlled.

Prairie dog colonies are easily identi-
fied by the conical mounds around
burrow entrances and by the presence
of the easily observed animals.

Rabbits and Hares

Rabbits and hares can damage or com-
pletely destroy tree plantings, gardens,
ornamentals, agricultural crops, and
rehabilitated rangeland. In winter, they
strip bark from and debud fruit trees,
conifers, and other trees and shrubs
(Craven 1994).

Rabbits are known vectors of tulare-
mia, which is transmissible to humans,
and they may carry larvated eggs of
several ascarid roundworms that can
produce disease if accidentally
ingested (uncooked) by humans
(Davidson and Nettles 1988).

Jackrabbits also damage orchards, gar-
dens, ornamentals, and some agricul-
tural crops, especially in areas adjacent
to rangeland, and most frequently
when natural vegetation is dry (Knight
1993). Jackrabbit populations show

large fluctuations, and, at times of high
density, damage to rangeland vegeta-
tion and competition with livestock
can be severe.

Trees clipped by rabbits and hares
have a clean oblique knifelike cut on
the stem. Rabbits and hares usually
clip stems 1/4 inch (0.6 cm) in diam-
eter or less at a height not more than
20 inches (50 cm) above the ground
(Lawrence et al. 1961). Repeated clip-
ping will deform seedlings. Rabbits
and hares can often be observed at
damage sites along with their tracks,
trails, and droppings.

Tree Squirrels

Tree squirrels may be divided into
three groups: large tree squirrels (gray,
fox, and tassel-eared), pine squirrels
(red and Douglas), and flying squirrels
(northern and southern) (Jackson
1994). Squirrels eat plants and fruit,
dig up newly planted bulbs and seeds,
strip bark and leaves from trees and
shrubs, invade homes, and consume
bird eggs (Jackson 1994, Hadidian et
al. 1987). They cause problems by
shorting out transformers and gnaw-
ing on power and telephone lines
(Marsh and Howard 1990, Hamilton et
al. 1987).

Squirrels can often be observed at the
damage site. Damage to conifer seed is
indicated by green, unopened cones
scattered on the ground under mature
trees and by the accumulated cone
scales and “cores” at feeding stations.
Bark stripping can be observed in trees
and bark fragments are often found on
the ground, as are the tips of twigs and
small branches.

Prairie Dogs

Prairie dogs were widespread on the
Great Plains throughout the 1800s and
reached peak numbers around 1900
after reduction of natural predators
and establishment of cattle grazing. By
1921 the area occupied by prairie dogs
was estimated to be 99 million acres
(40 million ha). By 1971, following
intensive control efforts, only 1.5 mil-
lion acres (0.6 million ha) were
occupied. Populations have been
expanding in recent years, commensu-
rate with reduced control efforts
(Fagerstone 1981).

Prairie dogs damage rangelands and
pastures by clipping vegetation for
food and nesting material and by
clearing cover from the vicinity of bur-
rows (Hygnstrom and Virchow 1994).
This activity not only reduces available
forage, but can alter species composi-
tion of the vegetation in favor of forbs.
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Carnivores and other
Mammalian Predators

Damage Assessment

Mammalian predators have always
been a concern to livestock producers.
Wade (1982) estimated that the direct
loss of sheep and goats to coyotes in
the United States ranged from $75 mil-
lion to $150 million annually. Pearson
(1986), using a summary of other stud-
ies and surveys, estimated the loss of
sheep, lambs, and goats to predators
(primarily coyotes) to be $68,160,000 in
the 17 western states in 1984. Terrill
(1988), using data from all 50 states,
reported that annual losses of sheep
and lambs to coyotes and other preda-
tors ranged from $69 million to $83
million in 1985 to 1987. In 1990, 490,000
sheep and lambs valued at $21.7 mil-
lion and 129,400 goats valued at $5.6
million were lost to predators in the
United States (NASS 1991). In 1991, the
National Agricultural Statistics Service
estimated that predators killed 106,000
cattle and calves in the United States,
valued at $41.5 million (NASS 1992).
Losses of poultry to predators,
although not well documented, are
also thought to be substantial.

Mammalian predators, especially red
foxes, striped skunks, raccoons, and
mink, seriously impact waterfowl nest-
ing success in small wetland areas sur-
rounded by agricultural lands. A
study in North Dakota indicated nest-
ing success of only 8% for mallards on
such wetlands, half of what was
needed to sustain the population
(Cowardin et al. 1985). The red fox is
apparently the most serious waterfowl
predator because it is adept at catching
nesting hens as well as destroying eggs
(Sargeant et al. 1984).

Damage Identification

Predation is rarely observed; therefore,
the accurate assessment of losses to
specific predators often requires
careful investigative work. The first
action in determining the cause of
death of an animal is to check for signs
on the animal and around the kill site.
Size and location of tooth marks will

Wood Rats

Wood rats, also called pack rats, brush
rats, or trade rats, are attracted to food
supplies left in buildings and will
remove small objects such as spoons,
forks, knives, and other items, some-
times leaving sticks or other objects “in
trade.” They often construct conspicu-
ous stick houses in cabins, abandoned
vehicles, or in the upper branches of
trees (Marsh and Howard 1990,
Salmon and Gorenzel 1994). They will
shred mattresses and upholstery.

Wood rats are agile climbers and con-
sume fruits, seeds, and green foliage
of herbaceous and woody plants
(Lawrence et al. 1961). They strip and
finely shred patches of bark from coni-
fers and fruit trees to line nest cham-
bers (Hooven 1959). They will also clip
small branches. Their damage may be
confused with that of tree squirrels
and porcupines; however, wood rats
leave a relatively smooth surface with
a few scattered tooth marks, and tend
to litter the ground beneath the tree
less than tree squirrels.

Several subspecies of wood rats are
endangered. Local regulations should
be checked before control efforts are
undertaken.

Commensal Rodents

The three species of commensal
rodents (those that live primarily
around human habitation) are Norway
rats, roof (black) rats, and house mice.
These omnivorous rodents consume
millions of bushels of grain each year
in the field, on the farm, in the eleva-
tor, mill, store, and home, and in tran-
sit. They also waste many more
millions of bushels by contamination.
These rodents typically drop 25 to 150
pellets and void 1/3 to 2/3 ounce (10
to 20 ml) of urine every 24 hours, and
constantly shed fine hairs.

Rats cause extensive damage to sugar-
cane in Hawaii and Florida, and roof
rats are serious pests in Hawaiian mac-
adamia nut plantations. These rodents
will feed on poultry chicks and occa-
sionally even attack adult poultry,
wild birds, newborn pigs, lambs, and
calves. Health departments annually
report hundreds of human babies bit-
ten by rats. Many viral and bacterial
diseases are transmitted to humans by
rodent feces and urine that contami-
nate food and water (Weber 1982).

Gnawing by rodents causes consider-
able property damage. Fires are some-
times started when rats and mice
gnaw the insulation of electric wiring.
They will also use materials such as
oily rags and matches for building
nests, which can result in fires by
spontaneous combustion. Extensive
damage to foundations and concrete
slabs is sometimes done when Norway
rats burrow under buildings. Burrows
into dikes and outdoor embankments
cause erosion.

Signs of commensal rodents are gnaw-
ing, droppings, tracks, burrows, and
darkened or smeared areas along walls
where they travel. Reviews of prob-
lems caused by these species and
methods of control are provided by
Meehan (1984), Jackson (1987), Baker
et al. (1993), Marsh (1994), and Timm
(1994).
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often indicate the species causing pre-
dation. Extensive bleeding usually is
characteristic of predation. Where
external bleeding is not apparent, the
hide can be removed from the carcass,
particularly around the neck, throat,
and head, and the area checked for
tooth holes, subcutaneous hemor-
rhage, and tissue damage. Hemor-
rhage occurs only if skin and tissue
damage occurs while the animal is
alive. Animals that die from causes
other than predation normally do not
show external or subcutaneous bleed-
ing, although bloody fluids may be lost
from body openings (Bowns 1976).
Animal losses are easiest to evaluate if
examination is conducted when the
carcass is still fresh (Wade and Bowns
1982).

Animals may not always be killed by a
throat attack, but may be pulled down
from the side or rear. Blood is often on
the sides, hind legs, and tail areas.
Calves can have their tails chewed off
and the nose may have tooth marks or
be completely chewed by the predator
when the tongue is eaten (Bowns
1976).

Tracks and droppings alone are not
proof of depredation or of the species
responsible. They are evidence that a
particular predator is in the area and,
when combined with other character-
istics of depredation, can help deter-
mine what species is causing the
problem.

which they sometimes bury in holes
resembling their dens. Dens in crop
fields may slow harvesting or cause
damage to machinery, and the digging
can damage earthen dams or dikes
(Lindzey 1994).

Badgers usually eat all of a prairie dog
except the head and fur along the
back. This characteristic probably
holds true for most of the larger
rodents they eat; however, signs of
digging near prey remains are the best
evidence of badgers. Badger tracks
often appear similar to coyote tracks
but on close examination they are dis-
tinctively “pigeon-toed” with impres-
sions from the long toenails apparent
in most situations.

cattle are killed by a bite through the
back of the neck. Large prey often
have claw marks on the flanks or
hams. The prey’s back is sometimes
broken in front of the hips where the
bear simply crushed it down. Young
calves are occasionally bitten through
the forehead.

The presence of bears has stampeded
range sheep, resulting in death from
suffocation or from falls over cliffs. A
marauding bear searching for food
may also play havoc with garbage
cans, cabins, camp sites, and apiaries
(Maehr 1983).

Black bear damage to trees can be rec-
ognized by the large vertical incisor
and claw marks on the sapwood and
ragged strips of hanging bark. Pole-
size trees to small saw timber are pre-
ferred. Most bark damage occurs
during May, June, and July (Packham
1970). After the bark is pulled away,
bears will scrape off the cambium
layer of the tree with their incisor
teeth, leaving vertical tooth marks
(Murie 1954).

The bear track resembles that of a
human, but has distinctive claw
marks. The little inside toes often leave
no marks in dust or shallow mud so
the print appears to be four-toed
(Murie 1954).

Badgers

Badgers eat primarily rodents such as
mice, prairie dogs, pocket gophers,
and ground squirrels. They will also
prey on rabbits, especially the young.
Badgers destroy nests of ground-
nesting birds and occasionally kill
small lambs and poultry, parts of

Bears

Black and grizzly bears prey on live-
stock. Black bears usually kill by biting
the neck or by slapping the victim.
Torn, mauled, and mutilated carcasses
are characteristic of bear attacks.
Often, the bear will eat the udders of
female prey, possibly to obtain milk.
The victim usually is opened ventrally
and the heart and liver are consumed
(Bowns and Wade 1980). The intes-
tines are often spread out around the
kill site, and the animal may be par-
tially skinned while the carcass is fed
upon. Smaller livestock such as sheep
and goats may be consumed almost
entirely, and only the rumen, skin, and
large bones left. Feces are generally
found within the kill area, and a bed-
ding site is often found nearby. Bears
use their feet while feeding so they do
not slide the prey around as do
coyotes. If the kill is made in the open,
it may be moved to a more secluded
spot.

The grizzly has a feeding and killing
pattern similar to that of the black
bear. Murie (1948) found that most

Bobcats and Lynx

These related species occasionally prey
on sheep, goats, deer, and pronghorns;
however, they more commonly kill
smaller animals such as porcupines,
poultry, rabbits, rodents, birds, and
house cats. Bobcats characteristically
kill adult deer by leaping on their back
or shoulders, usually when the victim
is lying down, and biting them on the
trachea. The jugular vein may be punc-
tured, but the victims usually die of
suffocation and shock. Bowns (1976)
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Bowns 1982) and are rapidly becoming
a problem throughout the east.

Coyotes normally kill livestock with a
bite in the throat, but they infrequently
pull the animal down by attacking the
side, hindquarters, and udder. The
rumen and intestines may be removed
and dragged away from the carcass.
On small lambs, the upper canine teeth
may penetrate the top of the neck or
the skull. Calf predation by coyotes is
most common when calves are young.
Calves that are attacked, but not killed,
exhibit wounds in the flank, hindquar-
ters, or front shoulders; often their tails
are chewed off near the top. Deer car-
casses are frequently completely dis-
membered and eaten (Bowns 1976).

Complaints of pets being killed by coy-
otes have increased with urbanization
(Howell 1982). Also, the increase in the
number of reported human attacks has
created additional concern for urban
dwellers. Avocado producers using
drip irrigation systems report that
coyotes chew holes in plastic pipe and
disrupt irrigation (Cummings 1973).
Coyotes damage watermelons by bit-
ing holes through the melons and eat-
ing the centers out; raccoons, on the
other hand, make small holes in the
melons and scoop the pulp out with
their front paws. Coyotes will also
damage other fruit crops.

Wolves prey on larger ungulates such
as caribou, moose, elk, and cattle.
Wolves usually bring down these ani-
mals by cutting or damaging the
muscles and ligaments in the back legs
or by seizing the victim in the flanks.
Slash marks made by the canine teeth
may be found on the rear legs and
flanks. The downed animals usually
are disembowelled.

Domestic dogs can be a serious prob-
lem to livestock, especially to sheep
pastured near cities and suburbs. Dogs
often attack the hindquarters, flanks,
and head of livestock. They rarely kill
as effectively as coyotes (Green et al.
1994). Normally, little flesh is con-
sumed. Dogs are likely to wound the
animal in the neck and front shoulders;
the ears often are badly torn. Attacking
dogs often severely mutilate the victim
(Bowns and Wade 1980).

reported that a lamb killed by a bobcat
had hemorrhages produced by claws
on both sides of the carcass, indicating
that the bobcat had held the lamb with
its claws while biting the neck. Small
fawns, lambs, and other small prey are
often killed by a bite through the top of
the neck or head (Young 1958). The
hindquarters of deer or sheep are
usually preferred by bobcats, although
the shoulder and neck region or the
flank are sometimes eaten first. The
rumen is often untouched. Poultry are
usually killed by biting the head and
neck (Young 1958); the heads are usu-
ally eaten. Also, both species report-
edly prey on bird eggs.

Bobcat and lynx droppings are similar;
in areas inhabited by both species, the
tracks will help determine the respon-
sible animal. The lynx has larger feet
with much more hair and the toes tend
to spread more than they do on the
more compact bobcat tracks.

Feline predators usually attempt to
cover their kills with litter (Cook et al.
1971). Bobcats reach out 12 to 14 inches
(30 to 35 cm) in scratching litter, com-
pared to a 35-inch (90-cm) reach of a
mountain lion (Young 1958). The dis-
tance between the canine teeth marks
will also help distinguish a lion kill
from that of a bobcat—1 1/2 inches
(3.8 cm) for a lion versus 3/4 to 1 inch
(1.9 to 2.5 cm) for a bobcat (Wade and
Bowns 1982).

Coyote and dog tracks are similar but
distinguishable. Dog tracks are round
with the toes spread apart. Toenail marks
are usually visible on all toes (Dorsett
1987). Coyote tracks are more rectangu-
lar and the toes are closer together. If any
toenail marks show, they are usually of
the middle toes. Also, coyote tracks
appear in a straight line whereas those of
a dog are staggered.

Coyotes, Wolves, and Dogs

These predators prey on animals rang-
ing from big game and livestock to
rodents, wild birds, and poultry.
Coyotes are the most common and
most serious predator of livestock in
the western United States (Wade and

Foxes

Gray and red foxes feed primarily on
rabbits, hares, small rodents, poultry,
birds, and insects. They also consume
fruits. The gray fox eats fish, a prey sel-
dom eaten by the red fox. Gray and
especially red foxes kill young live-
stock, although poultry is their more
common domestic prey. Foxes usually
attack the throat of lambs and birds,
but kill some by multiple bites to the
neck and back (Wade and Bowns
1982). Normally, foxes taking fowl
leave behind only a few drops of blood
and feathers and carry the prey away
from the kill location, often to a den.
Eggs are usually opened enough to be
licked out. The shells are left beside the
nest and are rarely removed to the
den, even though fox dens are noted
for containing the remains of their
prey, particularly the wings of birds.

Einarsen (1956) noted that the breast
and legs of birds killed by foxes are
eaten first and the other appendages
are scattered about. The toes of the vic-
tims are usually drawn up in a curled
position because of tendons pulled
when the fox strips meat from the leg
bone. Smaller bones are likely to be
sheared off. The remains are often par-
tially buried.
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Like other wild canids, foxes will
return to established denning areas
year after year. They dig dens in
wooded areas or open plains. Hollow
logs are also used. Dens may be identi-
fied by the small doglike tracks or by
fox hairs clinging to the entrance. The
gray fox is the only fox that readily
climbs trees, sometimes denning in a
hollow cavity.

Hogs

Problems associated with feral or wild
hogs have increased across the south-
ern United States. Rooting and wal-
lowing by wild hogs can damage
agricultural crops and timber and also
damage farm ponds and irrigation
dikes (Barrett 1994). Wild hogs also
feed on young sheep and goats in cer-
tain parts of the United States. The
losses are difficult to determine at
times because almost the entire carcass
is either eaten or carried off and the
only evidence may be tracks and blood
where feeding occurred (Wade and
Bowns 1982).

Tracks of adult hogs resemble those
made by a 200-pound (90-kg) calf. In
soft ground dewclaws will show on
adult hog tracks (Barrett 1994).

Mountain Lions

Often called cougar or puma, this large
feline preys on deer, elk, and domestic
stock, particularly horses, sheep, goats,
and cattle. It also eats rodents and
other small mammals, when available.
In one situation, according to Young
(1933), a lone lion attacked a herd of
ewes and killed 192 in one night. How-
ever, 5 to 10 sheep killed in a single
night is more typical (Shaw 1983).

Mountain lions, having relatively short,
powerful jaws, kill with bites inflicted
from above, often severing the vertebral
column and breaking the neck. They also
kill by biting through the skull (Bowns
1976). Lions usually feed first on the
front quarters and neck region of their
prey. The stomach is generally
untouched. The large leg bones may be
crushed and the ribs broken. Many times,
after a lion has made a kill, the prey is
dragged or carried into bushy areas and
covered with litter. A lion might return
to feed on a kill for three or four nights.
They normally uncover the kill at each
feeding and move it from 11 to 27 yards
(10 to 25 m) to recover it. After the last
feeding the remains may be left uncov-
ered, and a search of the area might
reveal previous burial sites (Shaw
1983).

Adult lion tracks are approximately
4 inches (10 cm) in length and 4 1/4
inches (11 cm) in width; they have four
well-defined impressions of the toes at
the front, roughly in a semicircle. Lions
have retractable claws; therefore, no
claw prints will be evident. The
untrained observer sometimes con-
fuses large dog tracks with those of the
lion; however, dog tracks normally
show distinctive claw marks, are less
round than lion tracks, and have dis-
tinctly different rear pad marks.

Opossums

Opossums are omnivorous and occa-
sionally eat fish, crustaceans, insects,
mushrooms, fruits, vegetables, eggs,
and carrion. They will also raid poul-
try houses. The opossum usually kills
one chicken at a time, often mauling
the victim (Burkholder 1955). Eggs will
be mashed and messy, the shells often
chewed into small pieces and left in
the nest. Opossums usually begin feed-
ing on poultry at the cloacal opening.

Young poultry or game birds are con-
sumed entirely and only a few wet
feathers left.

Raccoons

Raccoons eat mice, small birds, snakes,
frogs, insects, crawfish, grass, berries,
acorns, corn, melons — the list is
almost endless. Garbage cans and
dumps can be a major source of food
in urban areas. Field crops or gardens
near wooded areas may suffer severe
damage from raccoons. Ripening corn
is frequently eaten and much is wasted
(Conover 1987). They raid nesting
cavities of birds (Lacki et al. 1987).
They will on occasion kill small lambs,
usually by chewing the nose.

Occasionally, raccoons enter poultry
houses and take several birds in one
night. The breast and crop can be torn
and chewed, and the entrails some-
times are eaten. There may be bits of
flesh near water. Eggs may be
removed from poultry or game bird
nests and eaten away from the nest.
Rearden (1951) found that eggshells
were located within 28 feet (9 m) of the
nest.

The raccoon leaves a distinctive five-
toed track that resembles a small
human hand print. Tracks are usually
paired, the left hind foot beside the
right forefoot (Murie 1954). Raccoon
and opossum tracks can be difficult to
distinguish in soft sand where toes do
not show.

Skunks

Insects, particularly grasshoppers,
beetles, and crickets, make up a large
portion of the skunk’s diet. Skunks
usually dig small cone-shaped holes in
lawns, golf courses, and meadows in
search of beetle larvae. A common
complaint of objectionable odor occurs
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when skunks take up residence under
buildings. Skunks may depredate bee-
hives.

Skunks kill few adult birds, but are
serious nest robbers (Einarsen 1956).
Eggs are usually opened at one end;
the edges are crushed as the skunk
punches its nose into the hole to lick
out the contents (Einarsen 1956, Davis
1959). The eggs may appear to have
been hatched, except for the edges.
When in a more advanced stage of
incubation, eggs are likely to be
chewed in small pieces. Eggs may be
removed from the nest, but rarely
more than 3 feet (1 m) away.

Most rabbit, chicken, and pheasant
carcasses found at skunk dens are car-
rion that have been dragged to the den
sites (Crabb 1948). When skunks kill
poultry, they generally kill only one or
two birds and maul them consider-
ably. Crabb (1941) observed that spot-
ted skunks help control rats and mice
in grain storage buildings. They kill
these rodents by biting and chewing
the head and foreparts; the carcasses
are not eaten.

Inhabited dens can be recognized by
fresh droppings containing undigested
insect parts near the mound or hole.
Hair and rub marks also may be
present. Dens usually have a charac-
teristic skunk odor, although the odor
may not be strong.

Weasels and Mink

Weasels and mink have similar feed-
ing behaviors, killing prey by biting
through the skull, upper neck, or jugu-
lar vein (Cahalane 1961). When they
raid poultry houses at night, they often
kill many birds, eating only the heads

bone of their prey. Nesting birds are
particularly vulnerable to cat preda-
tion. In areas managed for game birds
or waterfowl production, vagrant cat
control is almost a necessity. Unlike
their native cousins, domestic cats are
observed readily in the daytime,
although feral cats are often extremely
wary.
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Introduction

The Wildlife Society (TWS) policy
statement for wildlife damage control
(1992) states: “Prevention or control of
wildlife damage . . . is an essential and
responsible part of wildlife manage-
ment.” The role of wildlife damage
control in our society is changing and
so is public perception of it. This
change is recognized among wildlife
managers and researchers.

Efforts are under way to make the
wildlife damage control profession
more responsive to concerns of society.
Formal petition for the establishment
of a Wildlife Damage Working Group
within TWS was made to the Wildlife
Society Council on March 21, 1993 and
the following day the council ap-
proved interim status for the working
group.

Wildlife damage control professionals
should be prepared to promptly sup-
ply the best information available to
solve conflicts between people and
wildlife. Often, the most urgently
needed information is where to go for
assistance when a problem arises.

This chapter provides options for ob-
taining assistance. It tells who does
what to minimize conflicts between
people and wild animals, and it gives

suggestions for obtaining self-help
information and/or reaching people
who can provide onsite help.

Background

Wildlife managers and agricultural
specialists are often familiar with dam-
age caused by wild animals to live-
stock, crops, and other types of private
and public property. Conover and
Decker (1991) surveyed wildlife man-
agers and agricultural specialists
throughout the United States and con-
cluded that damage caused by wild
animals was a major agricultural prob-
lem. Twenty-seven species were cited
as causing the greatest problems. From
a national perspective, deer reportedly
caused the most damage, followed by
elk, raccoons, beavers, blackbirds, and
coyotes.

Damage by wild animals to ornamen-
tal plants, buildings, roads, and other
structures can be serious. Some of the
most costly problems are caused by
house mice, Norway and roof rats,
beavers, and deer (see chapters on
these species in this handbook). Wild
animals also cause nuisance problems,
particularly in urban areas. Problems
range from feces left on golf course
greens by ducks and geese and gar-
bage containers overturned by

raccoons, to disturbing sounds made
as small mammals move in attics and
walls. Chapters in this handbook pro-
vide information about nuisance prob-
lems caused by bats, tree squirrels,
raccoons, woodpeckers, ducks and
geese, and other problem species.

Under some conditions wild animals
are reservoirs of diseases, presenting a
threat to other wildlife populations, to
domestic animals, and to human
health (See Wildlife Diseases and
Humans, Friend 1987, Davidson and
Nettles 1988). Also, public safety is at
risk from automobile and aircraft colli-
sions with wild animals (Dolbeer et al.
1989, Hansen 1983).

People usually enjoy having wild ani-
mals near their homes and most are
willing to tolerate moderate damage
from wildlife. Some people are able to
control wildlife damage on their own.
Others, before acting on their own,
need information about the life histo-
ries of the animals causing problems,
the legal status of the animals, and
suggestions about controlling damage.
Still others need professional, onsite
help to solve wildlife damage prob-
lems. There are programs available to
meet the needs of do-it-yourself wild-
life managers and onsite assistance for
people who need more help.
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Obtaining Assistance

Table 1 shows whom to contact for
information, permits, and hands-on
assistance. Mailing addresses and tele-
phone numbers of coordinating offices
for federal and state agencies are listed
in the National Wildlife Federation
Conservation Directory, which is pub-
lished annually. Some key national
groups and telephone numbers are
listed below in the section on “Groups
That Help Prevent and Control Wild-
life Damage.” Private pest control op-
erators and local offices of government
agencies that help control wildlife
damage may be found in public tele-
phone directories.

Keep in mind that permits may be
required before control activities are
initiated. When there is a possibility
that endangered species or migratory
birds will be affected, contact the US
Fish and Wildlife Service. When game
animals are involved, contact your
state wildlife management agency.
When aquatic habitats such as wet-
lands or streams may be affected, con-
tact the US Army Corps of Engineers
and your state environmental regula-
tory agency.

Special materials may be required to
prevent and control wildlife damage.
Chapters on individual species list
information about such materials.
Most items will be available from
hardware and gardening supply
stores. When pesticides are used, read
labels carefully. You may need to con-
tact USDA-APHIS-Animal Damage
Control (ADC) or the Extension Ser-
vice for explanation of some applica-
tions. The Pocatello Supply Depot
operated by USDA-APHIS-ADC pro-
vides some chemical control agents for
wildlife (see section below on the ADC
Program). The Pesticides section in
this handbook provides more details.

Effective techniques for controlling
damage from wild animals do not
exist for all situations. Information
about research to solve special prob-
lems or international issues related to
wildlife damage control may be
obtained from the Denver Wildlife
Research Center or the Jack H.

Berryman Institute of Wildlife Damage
Management at Utah State University.
A section on wildlife damage research
is presented below.

Attracting wildlife through feeding
and habitat enhancement has gained
popularity in recent years. This has
resulted in greater appreciation of
wildlife among urban residents and
provides educational opportunities.
Conflicts may develop, however,
when wild animals concentrate near
feeders and protected sites.

The key to enhancing urban wildlife is
careful planning to develop compatible
situations where the needs of wild ani-
mals are met without creating intoler-
able situations for people. Keep in
mind that wild animals enjoyed by
some people may cause problems for
neighbors. The fox that one family
likes to see in the backyard may be a
serious problem for neighbors raising
chickens, and the deer that people
enjoy viewing from a distance may be
a safety hazard on roads or may cause
serious damage to ornamental plants
and gardens in the community.

Groups that Help Prevent
and Control Wildlife
Damage

Cooperative Extension Service

The Cooperative Extension Service is a
good place to start when you have a
problem with wild animals and do not
know where to obtain help. The exten-
sion service provides a wide range of
information on prevention and control
of wildlife damage through local
agents in most counties and specialists
at many state universities. Extension
wildlife activities are coordinated
nationally through the Natural
Resources and Rural Development
Program (202-720-5468). Local exten-
sion service offices are listed in gov-
ernment sections of telephone
directories.

Animal Damage Control Program

USDA-APHIS provides operational
and technical assistance to reduce
conflicts between people and wildlife

through the nationwide ADC, pro-
gram. Help is available to states, indi-
viduals, and public and private
organizations when wild animals dam-
age livestock, poultry, beneficial wild-
life, or crops including forests and
rangelands. Help is also available
when wild animals threaten human
health and safety.

The ADC program includes a deputy
administrator (202-720-2054), head-
quarters support staff, the Denver
Wildlife Research Center, and the
Pocatello Supply Depot. Operational
activities are managed within most
states through the eastern and western
regional offices, and individual state
offices. The Denver Wildlife Research
Center (DWRC) (303-236-7826) is a
major research facility devoted to
improving methods and materials for
vertebrate damage control. The
Pocatello Supply Depot at Pocatello,
Idaho (208-236-6920), manufactures
and sells some toxicants, fumigants,
and other products for wildlife dam-
age management.

Fish and Wildlife Service

The US Fish and Wildlife Service has
primary responsibility for managing
endangered species and migratory
birds. Contact the agency about
required permits before initiating con-
trol activities that involve these species
(Office of Management Authority,
800-358-2104).

State Wildlife and Fish
Management Agencies

State wildlife and fish management
agencies are responsible for managing
most resident species of wildlife and
fish, as well as migratory species while
they are within state borders. Often
permits are required from the state
agency before species listed as game
animals, furbearers, or game fishes can
be controlled. Permits may also be
required if species are involved that
are considered rare or endangered by
the state. Check with your local state
wildlife and fish management agency
when you obtain a permit for control
from the US Fish and Wildlife Service.
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Table 1. Sources of information (I), permits (P), and hands-on assistance (A) for wildlife damage control. The National
Wildlife Federation Conservation Directory lists addresses and telephone numbers for coordinating offices for federal
and state agencies. Public telephone directories list local government offices and private pest control operators.

SPECIES USDA- Extension US Fish and State wildlife Local Private
APHIS- Service Wildlife and fish animal pest

Animal Damage Service management control control
Control agencies agencies operators

Mammal Predators
Badgers I I P A
Bears IA I IP
Bobcats and lynx IA I IP
Cougars IA I IP
Coyotes IA I IP
Feral house cats I I I A A
Feral dogs IA I I A A
Foxes IA I IP A
Opossums IA I I A A
Otters I I IP
Raccoons IA I IP A A
Skunks IA I IP A A
Weasels IA I IP
Wolves IA I P IP

Small Mammals
Bats I I P I A A
Beavers IA I IP A
House mice I I IA A
Moles I I A
Muskrats IA I IP A
Pocket gophers I I A
Prairie dogs IA I I I A
Norway rats I I IA A
Roof rats I I IA A
Rabbits IA I I IP IA A
Tree squirrels I I P IA A
Voles I I A

Big Game Mammals
Bison I I P
Deer I I IPA A
Elk I IPA
Feral swine I IA IP
Moose I IPA
Pronghorns I IPA

Birds
Blackbirds IA I I I I A
Crows IA I I I A
Ducks and geese IA I IP IP A
Eagles IA I IP IP
Egrets, herons, and cormorants IA I IP IP
Hawks, falcons, and owls IA I IP IP
Magpies IA I I
Pigeons IA I I A
House sparrows IA I I A
Starlings IA I I A
Turkeys I IP
Woodpeckers IA I IP IP I A

Reptiles
Alligators I I IP A
Snakes I I I I A
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Local Animal Control Authorities

The local animal control authority,
public health service, or animal wel-
fare organization, may be able to pro-
vide assistance with damage caused
by urban wildlife, in situations in
which humans are threatened by wild-
life, and with free-ranging dogs and
cats. Refer to government sections of
your local public telephone directory.

Professional Pest Control
Operators

Private pest control operators located
throughout the United States provide
a wide range of wildlife damage con-
trol supplies and services. Consult
your telephone directory for local pest
control operators. The National Ani-
mal Damage Control Association and
the Urban Wildlife Management Asso-
ciation may be able to provide contacts
for special control situations.

Research to Understand and
Minimize Wildlife Damage

Research on ways to minimize damage
caused by wild animals dates back to
the nineteenth century. In the United
States, most research on damaging
wildlife has been conducted and/or
funded by government agencies.
Major research efforts date back to the
establishment of the Section of Eco-
nomic Ornithology within the US
Department of Agriculture in 1885 (US
Fish and Wildlife Service 1981). The
section grew, and in 1905 became the
Bureau of Biological Survey. The sur-
vey and cooperating universities con-
ducted studies of pocket gophers and
ground squirrels. The survey also sup-
ported research on predatory animals,
mainly aimed at eliminating them to
satisfy demands of the growing west-
ern livestock industry.

Controversy about controlling coyotes
and other wild animals increased from
the late 1920s through the 1970s.
Opposition to control changed from a
fringe position opposed to wild animal
suffering in the 1930s to a well-
organized, national movement con-
cerned with environmental issues and
animal welfare. The emphasis of wild-
life damage control research also

shifted from lethal control to nonlethal
control techniques that include more
studies of predator behavior.

Numbers of wildlife professionals
involved in wildlife damage control
declined through the 1960s and 1970s
as controversy increased. By 1978 only
41 of 450 US and Canadian university
and college wildlife faculty members
surveyed reported an emphasis in the
ecology and control of damaging ver-
tebrates (Blaskiewicz and Kenny 1978).

In recent years, most research relating
to problem wildlife has been con-
ducted by personnel of the Denver
Wildlife Research Center (DWRC) or
has been supported by grants from the
center. In 1986, the DWRC was trans-
ferred from the Fish and Wildlife Ser-
vice to the Animal and Plant Health
Inspection Service (APHIS).

The DWRC has national and interna-
tional programs devoted to providing
scientific information on wildlife dam-
age, existing control practices, and
alternative methods for reducing dam-
age. About half of the staff is based in
Denver; the rest are located at field sta-
tions on university campuses and
other sites in the United States and
cooperating countries.

The DWRC has cooperative ties with
several universities. Colorado State
University in Fort Collins has been a
close cooperator with DWRC for many
years. DWRC staff serve as instructors
in some courses and advise and sup-
port research studies by university
students. The DWRC has been particu-
larly involved in short courses on
wildlife damage research and manage-
ment for foreign students. APHIS
plans to move the DWRC headquar-
ters to the Colorado State University
campus. A master plan has been com-
pleted and construction of an animal
facility was initiated in 1993.

Cornell University, in Ithaca, New
York, has cooperated for five years
with DWRC in conducting research on
deer damage and its management. The
university, along with the New York
Cooperative Fish and Wildlife
Research Unit, has conducted research
on a variety of wildlife damage

problems ranging from biological
studies of pine voles to human percep-
tions of wildlife damage and control.

The Monell Chemical Senses Center on
the Philadelphia campus of the Uni-
versity of Pennsylvania is a nonprofit
research institute devoted exclusively
to studies of taste, smell, and the com-
mon chemical sense. This institute has
been involved with wildlife damage
research since its inception in 1968.
The DWRC has maintained a field sta-
tion at the center since 1978. The center
has focused on the role of the chemical
sense in wildlife damage management,
including bait shyness, food-aversion
learning, attractancy, and repellency.

The University of Florida at Gaines-
ville has worked cooperatively with a
Gainesville-based field station of the
DWRC on research leading to cultivars
of blueberries that might improve
resistance to depredation by some spe-
cies of birds

The DWRC staff also work in collabo-
ration with the Gainesville-based field
station and Louisiana State Univer-
sity’s Rice Research Station to study
and control blackbird damage to rice.
Research efforts are also devoted to
the control of beaver damage in water-
ways.

Mississippi State University, in Stark-
ville, has had a strong interest in wild-
life damage research for many years,
partly through the US Fish and Wild-
life Service Cooperative Research Unit
on the campus. Since the establishment
of a field station of the DWRC on cam-
pus in 1988, the research has focused
particularly on bird depredations to
aquaculture. The Maine Cooperative
Fish and Wildlife Research Unit has
also had interest in cormorant depre-
dations in aquaculture. The DWRC
has assisted in the development and
production of radiotelemetry equip-
ment to allow tracking of movements
of cormorants for both the Maine and
Mississippi studies.

Bowling Green State University, in
Ohio, has a strong research and educa-
tional program in wildlife damage
management. The DWRC has cooper-
ated in this program by sponsoring
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research activities, and by classroom
lectures and discussion. Plans are
being developed to form close work-
ing relationships between the Univer-
sity and the DWRC field station at
nearby Sandusky, Ohio. In the past,
the field station program focused on
blackbird population dynamics and
damage to corn. More recent research
has emphasized gull problems at air-
ports and at sanitary landfills. The
present leadership of Bowling Green
State University is strongly supportive
of continued programs in wildlife
damage management.

North Dakota State University in
Fargo has worked cooperatively with
DWRC on reducing blackbird damage
to sunflowers. The University has a
long-term plant-breeding program that
has produced two high-yield cultivars
of sunflower that exhibit resistance to
blackbird damage. Research at the
field station is presently focused on al-
teration of cattail marshes to make
them unsuitable as roosts for black-
birds and more suitable for other
migratory birds.

Some cooperative studies are being
conducted on the efficacy of DRC-1339
for blackbird control with the Jack H.
Berryman Institute of Wildlife Damage
Management at Utah State University,
in Logan (801-797-2436). This new
institute offers a broad research and
graduate educational program
focusing on innovative approaches to
controlling wildlife damage. The pur-
pose of the institute is to help wildlife
damage management specialists and
researchers do their jobs better and to
foster communication.

Utah State University is also the site of
a field station of DWRC that focuses
primarily on predator control methods
and their alternatives. The station is
uniquely equipped with large penned
areas for the study of coyote behavior.
This station, along with its university-
based cooperators, has been the source
of many studies contributing to our
present understanding of coyote biol-
ogy, behavior, physiology, and popu-
lation dynamics.

Washington State University in Pull-
man has had an active interest in a

broad range of wildlife damage issues
for many years, including the develop-
ment of bird-repellent methods, ani-
mal-restraining systems, humane
trapping standards, and control of
rodent damage to orchards. The recent
addition of a DWRC field station at the
university is strengthening the pro-
gram, particularly in rodent problems
and their control. The Pullman station
is closely tied with a DWRC field sta-
tion at Olympia, which has focused for
many years on wildlife damage to for-
ests by species such as deer, mountain
beavers, voles, and pocket gophers.
These research programs assess the
efficacy of existing control and look at
repellent devices, food aversion learn-
ing, and chemical repellent systems.
The work is also closely coordinated
with the field station at Monell Chemi-
cal Senses Center in Philadelphia.

The University of California, at both
Berkeley and Davis, as well as the Uni-
versity System’s Research and Exten-
sion Center at Hopland, has had a
strong and broad research and educa-
tional program in wildlife damage
under the leadership of Dr. Walter
Howard, professor emeritus of the
University of California at Davis. The
Berkeley scientific staff has had par-
ticular interest in deer damage and
population dynamics, whereas the
Hopland Center has contributed much
to understanding and managing
predator problems. The recent addi-
tion of a DWRC field station at the
Berkeley location is providing oppor-
tunities for studies of predator behav-
ior and population dynamics as well as
alternative control approaches. Some
of these projects are coordinated with
studies of coyotes at Yellowstone
National Park and the University of
Montana at Bozeman.

In addition to field stations and col-
laborating scientists, DWRC has con-
tracts with universities and other
organizations to conduct research. Ari-
zona State University in Tempe has
contracted to conduct studies on food
aversion learning as it relates to preda-
tor management. Several universities
have participated in studies of contra-
ception as a wildlife damage manage-
ment tool. These include studies at

Rutgers University in New Brunswick,
New Jersey, on hormonal approaches
to contraception of deer and studies at
Baylor Medical College in Waco,
Texas, and Pennsylvania State Univer-
sity in State College, Pennsylvania, on
immunologically based approaches to
contraception of deer. The DWRC has
also supported student research at the
University of Missouri-Colombia on
human perceptions of goose manage-
ment.

Although the DWRC continues to
cooperate with universities, it has not
cooperated formally with all universi-
ties that have an interest in or active
research or educational programs in
wildlife damage management. For
example, the University of Nebraska-
Lincoln has strong research and educa-
tional programs in wildlife damage
management, as does Kansas State
University in Manhattan. Both of these
universities would be suitable candi-
dates for closer cooperative efforts in
the future. In general, cooperative
research ties with universities have
provided opportunities to assess new
approaches to wildlife management.
The ties have also served as recruit-
ment pools for scientists and support
staff for professional groups involved
in wildlife damage management. The
numerous cooperative ties with
DWRC attest to a broad and continu-
ing interest in wildlife damage man-
agement by many universities.

The director of the DWRC (303-236-
7820), can serve as a source for further
contacts with any of the universities
and research programs described
above.

Summary

An overview of sources of information
about wildlife damage management is
presented in Table 1. The table is not
comprehensive because laws and ser-
vices vary from state to state. Good
starting places for information are
local Cooperative Extension offices,
state wildlife management agencies,
and animal control authorities. They
may refer you to USDA-APHIS-ADC
or private wildlife damage control
services in your area.
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WILDLIFE DISEASES
AND HUMANS

Robert G. McLean
Chief, Vertebrate Ecology Section
Medical Entomology & Ecology Branch
Division of Vector-borne Infectious

Diseases
National Center for Infectious Diseases
Centers for Disease Control and

Prevention
Fort Collins, Colorado 80522

INTRODUCTION

Diseases of wildlife can cause signifi-
cant illness and death to individual
animals and can significantly affect
wildlife populations. Wildlife species
can also serve as natural hosts for cer-
tain diseases that affect humans (zoo-
noses). The disease agents or parasites
that cause these zoonotic diseases can
be contracted from wildlife directly by
bites or contamination, or indirectly
through the bite of arthropod vectors
such as mosquitoes, ticks, fleas, and
mites that have previously fed on an
infected animal. These zoonotic dis-
eases are primarily diseases acquired
within a specific locality, and second-
arily, diseases of occupation and avo-
cation. Biologists, field assistants,
hunters, and other individuals who
work directly with wildlife have an in-
creased risk of acquiring these diseases
directly from animal hosts or their ec-
toparasites. Plague, tularemia, and
leptospirosis have been acquired in the
handling and skinning of rodents, rab-
bits, and carnivores. Humans have
usually acquired diseases like Colo-
rado tick fever, Rocky Mountain spot-
ted fever, and Lyme disease because
they have spent time in optimal habi-
tats of disease vectors and hosts.
Therefore, some general precautions
should be taken to reduce risks of
exposure and prevent infection.

GENERAL PRECAUTIONS

Use extreme caution when approach-
ing or handling a wild animal that
looks sick or abnormal to guard
against those diseases contracted
directly from wildlife. Procedures for
basic personal hygiene and cleanliness
of equipment are important for any
activity but become a matter of major
health concern when handling animals
or their products that could be infected
with disease agents. Some of the
important precautions are:

1. Wear protective clothing, particu-
larly disposable rubber or plastic
gloves, when dissecting or skinning
wild animals.

2. Scrub the work area, knives, other
tools, and reusable gloves with soap
or detergent followed by disinfec-
tion with diluted household bleach.

3. Avoid eating and drinking while
handling or skinning animals and
wash hands thoroughly when fin-
ished.

4. Safely dispose of carcasses and tis-
sues as well as any contaminated
disposable items like plastic gloves.

5. Cook meat from wild game thor-
oughly before eating.

6. Contact a physician if you become
sick following exposure to a wild
animal or its ectoparasites. Inform
the physician of your possible expo-
sure to a zoonotic disease.

Precautions against acquiring fungal
diseases, especially histoplasmosis,
should be taken when working in
high-risk sites that contain contami-
nated soil or accumulations of animal
feces; for example, under large bird
roosts or in buildings or caves contain-
ing bat colonies. Wear protective
masks to reduce or prevent the inhala-
tion of fungal spores.

Protection from vector-borne diseases
in high-risk areas involves personal
measures such as using mosquito or
tick repellents, wearing special cloth-
ing, or simply tucking pant cuffs into
socks to increase the chance of finding
crawling ticks before they attach. Ad-
ditional preventive methods include
checking your clothing and body and
your pets for ticks and removing the
ticks promptly after returning from in-
fested sites. If possible, avoid tick-in-
fested areas or locations with intense
mosquito activity during the transmis-
sion season. Reduce outdoor exposure
to mosquitoes especially in early
evening hours to diminish the risk of
infection with mosquito-borne dis-
eases.

Equally important preventive mea-
sures are knowledge of the diseases
present in the general area and the spe-
cific habitats and times of year that
present the greatest risk of exposure.
Knowledge of and recognition of the
early symptoms of the diseases and
the conditions of exposure are essen-
tial in preventing severe illness. Also
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Australia and Antarctica are free of it.
Most human cases have been con-
tracted from rabies-infected dogs. In
the United States, human cases have
decreased to an average of one person
per year (75% of cases are acquired
outside the United States). Reduction
in human rabies is likely linked with
the intensive control of dog rabies
during the 1950s and 1960s through
massive vaccination campaigns, stray
dog control programs, and improve-
ment in human treatment following
exposure. Nevertheless, thousands of
people in the United States continue to
receive treatment every year for pos-
sible exposure to rabies virus by ani-
mal bites. Most of the treatments are
still due to dog and cat bites; however,
these pet species have the lowest
occurrence of reported rabies among
all animal species tested.

disease. Vaccination of wildlife hosts
as a means of reducing zoonotic dis-
eases is currently being investigated
and may soon be available for diseases
like rabies.

WILDLIFE DISEASES
OF PUBLIC HEALTH
CONCERN

Directly Transmitted
Diseases

Rabies

Rabies is an acute disease, caused by a
virus (rhabdovirus), that can infect all
warm-blooded animals, and is usually
fatal. Certain carnivorous mammals
and bats are the usual animal hosts
(Fig. 1; Table 1). Rabies occurs
throughout most of the world; only

important are medical evaluation and
treatment with proper antibiotics. For
example, if you become ill following
some field activity in a known plague-
endemic area and you recognize the
early symptoms of the disease, seeking
medical care and informing the attend-
ing physician of your possible expo-
sure to plague will aid in the correct
treatment of your illness and reduce
the risk of complications or even
death.

In addition to taking personal precau-
tions, risk of acquiring vector-borne
diseases can be reduced in specific
locations through area-wide applica-
tions of insecticides to control mos-
quito or flea vectors or acaricides to
control tick vectors. Reduction in host
populations (for example, rodents) and
their ectoparasites (fleas or ticks) may
be needed to control transmission of
such diseases as plague or Lyme

Fig. 1. Reported human cases of wildlife rabies in the United States, 1991.
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Rabies in wildlife increased dramati-
cally during the 1960s and now
accounts for most of the reported ani-
mal rabies cases (91% in 1991). Some of
the increase in reporting was due to
real increases in the number of cases,
and some was due to an increased
awareness of wildlife rabies, particu-
larly in striped skunks, raccoons, and
bats. In 1991, 6,975 cases of animal
rabies were reported in 49 states, the
District of Columbia, and Puerto Rico.
Raccoons (44.2%), striped skunks
(29.7%), and various species of bats
(9.9%) continued to be the major hosts.
Red and gray foxes (4.6%), other wild-
life species (2.8%), and domestic ani-
mals (8.9%) comprise the remainder of
hosts. During the last 2 years, raccoons
replaced striped skunks as the major
wildlife host in the United States
because of the continued expansion of
raccoon rabies in the northeastern
United States. Animal cases are
reported throughout the year,
although the number of cases reported
reaches a seasonal peak for skunks in
March and April, for raccoons in
April, and for bats in August.

Clinical Signs. Rabies is considered
almost 100% fatal once clinical signs
develop. The disease progresses rap-
idly following the appearance of clini-
cal signs, and the animal dies within a
few days. Although abnormal behav-
ior is not diagnostic for rabies (other
diseases, like distemper, cause similar
behavioral changes), atypical behavior
and signs develop following brain
infection, and rabies should be sus-
pected whenever wild animals display
unusual behavior.

Infected animals usually display either
“furious” or “dumb” rabies, although
some animals progress through both
stages. Skunks, raccoons, foxes, and
other canids usually have furious
rabies and are unduly aggressive
before convulsions and paralysis set in.
Some animals, however, have dumb
rabies and proceed to tremors and
convulsions without agitation or
aggression. Other behavioral changes
include friendliness or loss of fear,
appearance in the daytime for some
typically nocturnal species (skunks,
bats), unprovoked attacks on anything

that moves (including inanimate
objects), bewilderment, and aimless
wandering. Unusual barking, crying,
and frothing at the mouth are addi-
tional signs, which are the result of
paralysis of the throat muscles. Occa-
sionally, rabid bats are encountered
prostrate or fluttering on the ground,
unable to fly; they should be handled
with care because they can still bite
and transmit rabies. Some rabid bats,
particularly solitary species like the
hoary bat, are aggressive and have
been known to attack people. In
domestic animals, rabies should be
suspected if there is any change in nor-
mal habits, such as sudden change in
disposition, failure to eat or drink, run-
ning into objects, or paralysis.

Transmission. Rabies virus is trans-
mitted primarily via the saliva during
the bite of a rabid animal. However,
other methods of transmission are pos-
sible. Accidental exposure of wounds
or cuts to the saliva or tissues of in-
fected animals can occur. The virus is
also present in various body organs of
infected animals, especially the brain
and salivary glands, which poses a
health hazard to persons who are field
dressing or performing necropsies on
these animals. In addition, aerosol ex-
posure has occurred, although rarely,
in caves containing very large popula-
tions of infected bats. Transmission
between animals also occurs by inges-
tion of infected tissues and by trans-
placental passage to offspring.

When the virus enters the tissue of a
susceptible animal or human, it multi-
plies at the bite or inoculation site and
travels slowly up nerve fibers to the
part of the brain that controls the bit-
ten area. The virus multiplies there
and spreads to other parts of the brain
and eventually produces a variety of
signs in the infected animal or person.
The virus also spreads from the brain
to other tissues, particularly to the sali-
vary glands, where it multiplies and is
released into the saliva. The virus is
perpetuated in nature when an in-
fected animal with virus in its saliva
bites another animal.

The virus is rarely present in the sali-
vary glands without first occurring in
the brain and is present in the saliva

for only a few days before clinical
signs appear. Exceptions occur in a
few species of bats and in a unique Af-
rican virus strain found in dogs. The
length of the incubation period (from
the time the animal is bitten until clini-
cal rabies appears) is usually 2 to 3
weeks, but varies from 10 days to
several months.

Handling of Suspect Animals and
Diagnosis. Use caution when
approaching a suspected rabid animal
since many are still aggressive and can
bite even if paralyzed. If the animal is
still alive, it should be killed humanely
without damaging the head. To con-
firm whether an animal is infected
with rabies, the animal must be sub-
mitted to the local health department
or state diagnostic laboratory for
testing.

Avoid exposure to any sick or dead
animals that are suspected to have
rabies. Handle any dead animal with
gloves or with a plastic bag that can be
turned inside-out to cover and contain
the animal. Avoid direct skin contact
with the animal. For large animals
such as skunks and raccoons, remove
the head cautiously and seal it in a
plastic bag, avoiding contact or aerosol
exposure. Seal the whole animal or
head inside an additional plastic bag
(double) and keep it cool at all times.
Do not freeze the specimen unless a
delay of several days is anticipated
before it is examined for rabies. Disin-
fect gloves or knives that were in con-
tact with the animal with a strong
detergent or bleach or dispose of them.

For transport to the laboratory, place
the double-wrapped specimen in a
leak-proof container with a coolant
(not wet ice). Send the container by
bus or other prearranged transporta-
tion. Include information about the
specimen (species, date, geographic
data, behavior) and the names,
addresses, and telephone numbers of
the person submitting the specimen
and of anyone exposed to the animal.

To test for rabies, a fluorescent anti-
body (FA) test is performed directly on
brain tissue to distinguish rabies virus
from other disease agents (like distem-
per virus) that could be present in the
animal’s brain. In some states, brain
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material is inoculated into mice to
demonstrate virus for those specimens
that resulted in human exposure.

If a person or pet is exposed to an ani-
mal suspected of having rabies but
that has not been captured, record a
description of the suspect animal (spe-
cies, behavior) and provide the
description to public health officials or
the attending physician to determine
possible treatment.

Prevention and Treatment. The
best treatment for rabies is prevention.
Individuals at high risk of exposure to
rabies, such as wildlife biologists,
game wardens, animal control officers,
animal handlers, and veterinarians
should be vaccinated before potential
exposure. Safe and highly effective
vaccines are available through a physi-
cian or the local health department.

First aid should immediately be pro-
vided to a person who has been bitten
by or had contact with a potentially
rabid animal. Scrub the exposed site,
including bite wounds, with soap and
water or water alone and flush thor-
oughly. Then apply a strong first aid
solution (iodine) or cream. First aid
treatment is the most effective method
of preventing infection by the rabies
virus but should not preclude medical
attention from a physician, hospital
emergency room, or the local health
department. Contact your physician or
health department as soon as possible
to determine dosage of rabies vaccine
and whether antirabies serum is
required. Inform the health care pro-
fessionals about the rabid animal and
the circumstances of the exposure
(species of animal involved and its
behavior, if the attack or bite from the
animal was provoked, and what type
of first aid was administered).

Hantavirus

Hantavirus includes a group of viruses
that can cause a febrile illness in hu-
mans which can be accompanied by
kidney, blood, or respiratory ailments
and can sometimes be fatal. The febrile
illness includes fever, headache,
muscle aches, nausea, vomiting, and
lower back pain. Field and commensal

rodents are the natural reservoirs for
viruses in this group and these viruses
are found worldwide. Infected rodents
shed virus in their urine, feces, and/or
saliva and can remain chronically
infected. The contaminated excreta
from infected rodents are thought to
be the source of virus for aerosol and
direct (animal bite) transmission to
other rodents and humans.

The recent discovery of a possible new
hantavirus in the southwestern United
States and its apparent increased viru-
lence, has heightened the awareness of
and concern for rodent-associated dis-
eases. It produces produces respira-
tory distress and potential death in
humans. Human cases and deaths
from this viral infection were first
reported in 1993 in the Four Corners
area of Arizona, Colorado, New
Mexico, and Utah and, more recently,
throughout the United States. Prelim-
inary information has incriminated the
deer mouse (Peromyscus maniculatus)
as the natural reservoir and source of
human infection in that region. Indi-
viduals trapping and handling small
rodents in this region should take
increased precautions to reduce their
exposure to this virus. They should at
least wear surgical gloves and masks
when processing rodents (contact
CDC Hotline for more detailed and
thorough safety information). Rodent
control with careful handling and dis-
posal of carcasses should be instituted
at campsites or in cabins before they
are occupied. The premises should be
sprayed with detergents or diluted
bleach before thorough cleaning. Wet-
mopping is recommended. Dry
sweeping and vacuuming may
increase risk of producing airborne
particles. Rodent harborage should be
removed from premises and from the
surrounding area. Exclude rodents
where possible.

Trichinosis

Trichinosis may result in diahrrea,
sudden edema of the upper eyelids,
photophobia, muscle soreness and
pain, skin lesions, thirst, sweating,
chills, and weakness. Other respiratory

and neurological symptoms may
appear if treatment is delayed.

Trichinosis is contracted by eating
infected meat which contains the
encysted parasites. The parasites may
remain infectious in meat which is raw
or poorly cooked.

Trichinosis is caused by a nematode
parasite which produces the disease in
humans and domestic and wild ani-
mals. Evidence indicates that nearly all
mammals are susceptible to infections
with this parasite, which encysts in the
muscle of the host and  is then trans-
mitted through consumption of
infected flesh. As would be expected,
the disease is most common in wild
carnivores and scavengers.

As with other wildlife diseases,
trichinosis is difficult to control in
nature. However, certain steps can be
taken to decrease the problem. Car-
casses of carnivores and other meat-
eating species should not be discarded
in the fields or woods, but should be
made unavailable by burying or other
means. These carcasses also should not
be fed to swine, dogs, or other domes-
tic animals. Open garbage dumps
should be replaced by the landfill type
or other methods of disposal where
wildlife will not have access to meat
scraps. If open garbage dumps cannot
be eliminated, rodent control pro-
grams should be initiated and the
areas fenced to prevent scavenging by
larger animals such as foxes. These
steps would markedly reduce the
problem of trichinosis in wildlife in the
United States.

If carnivorous or omnivorous wildlife
such as bears, bobcats, opossums,
raccoons, or feral pigs are consumed
by humans, the meat should be
properly prepared by cooking,
freezing, or curing to destroy any
viable trichinae. Cooking to an internal
temperature of 137oF is deemed
sufficient for pork, while freezing at
5oF for 20 days, -10oF for 10 days, or -
20oF for 6 days will kill trichinae.
Curing should follow approved
government regulations.
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