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ABSTRACT 

The flagellate Trichomonas gallinae (Rivolta) is often found in 

the throats of healthy mourning doves (Zenaldura macroura, Linnaeus). 

At times it has caused mortality in different parts of the nation. 

Some strains of T. gallinae are more virulent than others in the 

domestic pigeon (Columba livia, Linnaeus). This study was undertaken 

to establish the relationship of sex, age, and season to the incidence 

of infection and to gather information concerning the relationship 

between incidence and mortality; the duration of infection; the presence 

or absence of protecting immunity and if strains of different virulence 

exist in mourning doves. 

Mourning doves were trapped on two areas, one a non-epizootic 

situation where infected doves appeared healthy and the other an 

epizootic situation where many infected doves developed massive lesions. 

The sex and age of the doves was determined, and they were banded. A 

throat swab was taken to determine the presence of T. gallinae. A few 

laboratory experiments were conducted with wild-trapped doves of unknown 

immunological history. 

Adult male and adult femala^xLcctes had nearly the same incidence 

and infectivity in both epizootic and non-epizootic situations, but 

adult males had higher morbidity and mortality in epizootic situations. 
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viii 

Immature doves had a higher incidence of infection than adult doves in 

a non-epizootic situation. 

Age and season had separate effects on the incidence of non-

epizootic trichomoniasis, but some of the summer increase in incidence 

apparently was a result of an influx of young immature doves of high 

incidence into the population subject to trapping. 

The relationship between incidence and the epizootic was 

obscure. During the non-epizootic period at Tucson, incidence increased 

from 15c/o to 58$, but no morbidity or mortality was noted. During the 

Scottsdale epizootic, high mortality was associated with low incidence 

and mortality decreased as incidence increased. 

Six wild-trapped doves infected at capture were held in 

captivity and remained infected for periods of 43 to 253 days, but 

never exhibited signs of pathogenesis. 

Results of inoculation of wild-trapped doves of unknown 

immunological history imply that strains of different virulence exist 

in mourning doves in southern Arizona and that protecting immunity is 

not evident in all circumstances. 

The morbidity rate during the epizootic was 27$; the mortality 

rate appeared to approximate the morbidity rate. 



INTRODUCTION 

Avian trichomoniasis is a disease most commonly found in species 

of the family Columbidae. It is caused by the flagellate Trichomonas 

gallinae (Rivolta), which normally inhabits the throat and can cause 

the formation of a massive caseous necrosis of the pharynx or viscera. 

In other cases it may be present in the throat for considerable 

periods without any noticeable effect on the host (Stabler 195*0. 

This disease can cause significant mortality in mourning doves as was 

seen in 1950 and 1951 in Alabama where an estimated 25-50 thousand doves 

died each year (Haugen and Keeler 1952). In 1961 the Patuxent Wildlife 

Research Center began a nation-wide survey to determine the incidence 

of trichomoniasis in mourning doves. The results of this survey 

indicated that T. gallinae was present in mourning doves throughout 

the nation and suggested that the incidence was higher in July and 

August than in the winter months (Herman and staff 1963). The first 

recorded report of trichomoniasis in mourning doves in southern 

Arizona was in July, 1962; since then it has been reported in March, 

April, July, August, September, and November (Arizona Animal Morbidity 

Report 1956 to 1969). A trichomoniasis epizootic in the Tucson area in 

1963 caused dove losses of unknown extent and led to a preliminary study 

of incidence of infection which was completed in 1966 (Straus 1966). 

A total of 822 doves was examined; 162 were infected but only 15 
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exhibited, lesions (Straus 1966). Incidence was highest in late summer, 

highest in immature doves, and higher in adult males than in adult 

females; however, most of the infected doves appeared healthy. 

Subclinical infections can be of long duration in the domestic 

pigeon (Columba livia), up to 7^ days in one case, and spontaneous 

loss of infection does occur (Jaquette 19^8). Stabler (l9^8a) 

reported experiments indicating that trichomonads from some pigeon 

lofts were more likely to induce lesions in domestic pigeons than 

trichomonads from other lofts. .He explained that some strains of 

trichomonads appeared more virulent than others. later a number of 

investigators working with pigeons, laboratory mice, or tissue culture 

techniques definitely established that trichomonads existed in strains 

of different virulence (Honigberg and Braunthal 1957; Honigberg 1959; 

Honigberg and McLure i960; Honigberg 1961; Honigberg and McLure 1961; 

Frost and Honigberg 19&2; Honigberg et al. 196^). 

Stabler inoculated domestic pigeons with an avirulent strain 

of trichomonads which established a protecting immunity against 

subsequent challenge by a virulent strain (Stabler 191+8b). Kocan 

and Herman (1969) demonstrated a serological response in domestic 

pigeons following inoculation of virulent trichomonads; they found no 

measurable response following inoculation of an avirulent strain. 

Trichomoniasis epizootics in mourning doves are not a regular 

occurrence in southern Arizona. In some years large numbers of doves 

die in local areas, while in other years very few deaths are noted. 

The relation of innate resistance, immunity, and virulence to incidence 



and mortality of trichomoniasis in mourning doves is unknown. This 

study was undertaken to establish the relation of sex, age, and season 

to the incidence of infection; the relation between incidence and 

mortality; the duration of infection; the presence or absence of pro

tecting immunity; and if strains of different virulence exist in 

mourning doves. 



MATERIALS AND METHODS 

Mourning doves were trapped in Tucson at the University of 

Arizona farm at North Campbell Avenue from February, 1967 to August, 

1968. The doves were caught in modified Stoddard quail traps baited 

with milo maize. In a few cases doves were trapped at other localities 

in the immediate vicinity of Tucson, and these data were added to the 

University farm data. The trapping intensity and success were not 

uniform throughout the study period. 

In March, 1968 a trichomonas-caused epizootic was reported to 

the Wildlife Research Unit by Dorothea Frost of Scottsdale, Arizona. 

Ten trips were made to her residence from mid-March to the end of April 

and one later trip in August to trap doves. The dead doves present on 

the area were collected and examined each day, and a number of visibly 

sick doves were collected alive and returned to the laboratory. 

The sex and age of doves trapped on both areas was determined, 

and they were banded. A throat swab was taken to determine the presence 

or absence of T. gallinae, and the doves were examined for the presence 

of trichomonas lesions by a visual inspection of their pharynges. The 

last primary feather molted was recorded for immature doves. A banded 

dove recaptured at a later date was examined again. Adult doves were 

differentiated from the immatures by plumage characteristics (Taber 

1969), and the age of the immatures was more accurately determined by 

the stage of the primary feather molt (Swank 1955)• Doves whose molt 
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had progressed to the point where differentiation "between post-juvenile 

and post-nuptial molt was difficult were classed as "unknown age." 

Sex of adults was determined by plumage or internal characters (Taber 

1969). The sex of immature doves was not determined. 

The throat swabs were placed in screw-cap tubes containing 

approximately 5 ml of fluid thioglycollate (Difco) with 3% normal horse 

serum (filtered), 1,000 units/ml of penicillin G procain (Pfizer), and 

2 mg/ml of aqueous dihydrostreptomycin sulfate (Rx Veterinary Products). 

The cultures were transported to the laboratory and incubated for 72 

hours at 37.5° C. A 0.1 ml sample was streaked the length of a micro

scope slide and scanned field by field at 100X. 

The results of the throat swab diagnoses, presence of a lesion, 

age, sex, band number, date of capture, feather molt, and study area 

were recorded on data processing cards. Tabulations of the data were 

made with a card sorter by sex for adults and by primary feather molt 

for immatures. The Tucson data were tabulated by 15-day time intervals 

and the Scottsdale data by 5-day intervals. 

Data from recaptured doves were not included in the incidence 

tabulations but were compiled in the form of individual case histories 

to determine the relation of sex, age, and season to infectivity, the 

duration of infection, and recovery on each study area. Five types of 

case histories were defined regardless of the length of time or the 

number of examinations (recaptures) involved: (l) negative runs for 

doves which gave only negative throat swabs, (2) positive runs for doves 

which gave only positive throat swabs, (3) negative turnovers for doves 
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which gave positive then negative throat swabs, (i+) positive turnovers 

for doves which gave negative then positive throat swabs, (5) multiple 

turnovers for doves which changed more than once. 

Nonparametric statistical tests were used exclusively. The 

requirements defined by Siegel (1956) or Fryer (19^6) were met for each 

test. All 2X2 contingency tables were corrected for continuity by the 

Yates method. 

Wild-trapped doves were used for laboratory experiments. The 

doves were caged individually, but the cages were not spatially iso

lated. Inoculations were done either by mechanical transfer of pieces 

of necrotic tissue or by pipetting culture media into the recipient 

doves' throats. Periodically the doves were examined and weighed, and 

a throat swab was taken. They were autopsied at death. 

\ 



RESULTS AMD DISCUSSION 

The Relationship of Sex, Age, and Season to 

Incidence of Trichomoniasis at Tucson 

No trichomonas lesions were found in 1,268 doves examined at 

hunter check stations and on the Tucson study area between February 19, 

1967 and April 17, 1968. This and the absence of reports of dove losses 

to the Wildlife Research Unit or to the Animal Pathology Department of 

the University during the same period indicated that there was little 

if any local mortality in 19&7• However, many doves were infected; 

thus the data collected in 19&7 serve to relate sex, age, and season 

to the incidence of non-epizootic trichomoniasis. Five adult female, 

5 adult male, and 10 immature doves with visible oral lesions were 

trapped between April 17 and September 23, 19&8; the Wildlife Research 

Unit also received 11 reports in May and June of dove losses from Tucson 

residents. Thus mortality did occur in the Tucson area in the summer 

of 1968. 

Sex 

Tables 1 to ̂  show the results of the initial throat swabs of 

mourning doves trapped at Tucson in 1967 and 1968. The incidence in 

adult males was higher than in adult females in 1967 (Table l), but in 

1968 the incidence was lower in adult males (Table 2). The incidence in 

males and females was not significantly different in either year 

(1967 X2 = O.58, 1 df; 1968 X2 = 1.67, 1 if). 
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Table 1. Incidence of trichomoniasis in mourning doves at Tucson, 1967, 
by sex, age, and date. 

Mid-point of Adult Adult Total "Unknown" 
15-day time males females adults age* 
interval "I f ~N IT ~N W N % 

Feb 22 1 0 2 0 3 0 

Mar 9 3 0 3 0 . 
Mar 2k 

Apr 8 1 0 1 0 
Apr 23 57 18 l4 14 71 17 

May 8 22 k 6 0 28 k 
May 23 12 k2 6 0 18 28 

Jun 7 7 Ik 1 0 8 12 
Jun 22 3 0 1 0 k 0 

Jul 7 3 33 1 100 k 50 
Jul 22 2 0 1 0 3 0 

Aug 6 2 0 2 0 
—^fixig-21 k 25 k 25 

Sep 5 k 50 1 0 5 ko 1 0 
Sep 20 11 18 7 0 18 11 9 56 

Oct 5 k 25 2 0 6 17 10 10 
Oct 20 4 25 k 25 5 ko 

Nov 4 6 0 
Nov 19 1 0 1 0 19 0 

Dec 4 1 0 1 0 36 17 
Dec 19 1 0 1 0 30 7 

Total 137 18 k8 8 185 15 116 14 

*Doves whose molt had progressed to the point where differentiation 
between post-juvenile and post-nuptial molt was difficult were 
classed as "unknown age." 



9 

Table 2. Incidence of trichomoniasis in adult mourning doves at 
Tucson, 1968, by sex, age, and date. 

Mid-point of Adult Adult Total 
15-day time males females adults 
interval N Jo N % N 

Feb 22 2 0 1 0 3 0 

Mar 9 k 0 2 0 6 0 

Apr 23 1 0 1 0 

May 8 k 25 k 50 8 38 

May 23 8 11 5 0 13 8 

Jun 7 8 11 3 0 11 9 

Jun 22 2 0 2 0 

Jul 7 2 0 2 0 

Jul 22 1 0 2 50 3 33 

Aug 6 2 0 2 0 

Aug 21 5 40 5 40 

bal 31 10 25 20 56 14 
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Adult male and adult female doves were treated as a single group 

in the following analyses. Straus (1966) found that the incidence in 

adult males was significantly higher than in adult females. Possibly 

his chi square test (X2 = 5*70, 1 df) was not corrected for continuity 

and resulted in an inflated estimate of X2; although even after correc

tion his results are still significant (X2 = 3.89* 1 df). He does not 

state if his data pertain to an epizootic or non-epizootic situation. 

Age 

In 1967 the incidence of trichomoniasis in doves of "unknown 

age" was not different from the incidence in adults (Table l) (X2 = 

0.02, l'df). Only 6 doves of "unknown age" were trapped in 1968. This 

sample was inadequate for reliable analysis and the data were not 

included. 

The incidence of trichomoniasis in immature doves (Tables 3 and 

U) was considerably higher than in adults in both years (1967 X2 = 

28.26, 1 df; 1968 X2 =17.65, 1 df). Disregarding the time of year, 

incidence was highest in the youngest immature age classes and lowest 

in the adults (Figure l). 

Season 

Incidence in the total dove population, disregarding age, was 

highest during the summer (Figure 2). This is in agreement with pre

vious studies (Herman et' al. I9S3; Straus 1966). There was not much 

seasonal variation in incidence in adult doves (Table l), but samples 

of adults from summer months were inadequate. (Straus1 results for the 



Table 3- Incidence of trichomoniasis in immature mourning doves at Tucson, 19&7, by age and date. 

age 
Mid-point of class* Sample size and percent infected Total 
15-day time 0 or 1 2 or 3 4 or 5 6 or 7 8 or 9 immature s 

T\T C!. if C1 TV? ol W W. W W TtT cf. interval N i N % N % - N rt % IT i N i 

Apr 23 18 17 Ik 7 6 33 38 16 
May 8 2b 13 20 30 13 23 57 21 
May 23 2k 17 23 9 14 14 10 20 71 ik 
Jun 7 19 k2 29 Ul Ik 21 9 33 71 37 
Jun 22 9 56 7 29 5 20 k 50 25 40 
Jul 7 18 83 21 57 16 kk 11 45 1 0 67 58 
Jul 22 12 50 15 67 12 8 7 Ik k6 39 
Aug 6 k 75 11 36 13 38 2 50 3 67 33 45 
Aug 21 35 ^3 23 61 22 32 15 20 8 25 103 40 
Sep 5 12 58 17 53 3 0 6 33 5 1*0 43 46 
Sep 20 59 5b k9 28 2k 33 2k 29 14 28 170 38 
Oct 5 27 37 12 67 5 0 6 17 5 20 55 36 
Oct 20 1 0 3 0 3 0 7 0 
Nov 4 
Nov 19 1 0 5 60 6 50 
Dec 4 2 0 k 0 6 0 
Dec 19 1 0 l 0 

Total 262 k2 2kk 38 1U8 26 96 28 49 28 799 36 

•"Age of immature doves is indicated by the last primary feather molted (Swank 1955 )• 



Table Incidence of trichomoniasis in immature mourning doves at Tucson,. 1968, by age and date. 

age 
Mid-point of class* Sample size and percent infected Total 
15-day time 0 or 1 2 or 3 ^ or 5 6 or 7 8 or 9 immatures 
interval N % R % N vt 10 H cj i° N % N i 

May 23 6 33 10 30 10 30 10 20 36 28 

Jun 7 5 60 7 Ik 6 50 k 25 22 36 

Jun 22 k 50 8 25 2 100 2 100 1 0 17 ki 

Jul 7 1 100 2 100 3 33 1 0 7 57 

Jul 22 33 76 19 63 25 1+0 18 3 33 98 57 

Aug 6 5 80 10 70 k 50 3 0 2 0 2k 5^ 

Aug 21 11 73 2k 50 12 0 15 ^7 k 25 66 56 

Total 65 69 80 k9 59 ^9 55 38 11 18 270 50 

*Age of' immature doves is indicated by the last primary feather molted (Swank 1955 )• 
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summer months are comparable to my data, but he found that adults had a 

high incidence (Ul$) in September. This may indicate a seasonal varia

tion in incidence in adults. Again he does not state if his data 

pertain to an epizootic or non-epizootic situation.) Most of the doves 

trapped in the summer were juveniles, and the summer increase in inci

dence shown in Figure 2 was a reflection of data from immature doves. 

The seasonal increase in the incidence of trichomoniasis in the mourning 

dove population may be a result of the influx of recently fledged 

immature doves with a high incidence of trichomoniasis into the sample 

rather than some seasonal factor. The immature age classes with the 

largest samples (0 or 1 and 2 or 35 Table 3) indicate that there is 

seasonal variation of incidence even within a given age class.-

Conversely the time intervals with the largest samples (August 21 and 

September 20, 1967 and July 22, 1968, Tables 3 and 4) indicate that 

incidence was highest in young doves even within a single time period. 

Thus age and season may have had separate effects on the incidence of 

infection. This is difficult to test statistically with discrete data. 

The data from immature doves trapped in 1967 were combined into 3 time 

intervals (April 23 to June 22, July 7 to September 5> and September 20 

to December 19). Chi square tests of heterogeneity indicated that both 

season and age of the immature doves had separate and significant 

effects on incidence (season heterogeneity X2 = 9.1+6, 6 df; age hetero

geneity X2 = 6.9^, 6 df)-. Which factor had the strongest influence 

could not be determined. It did not seem likely that the presence of 
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trichomonads which had no visible effect on a healthy dove would inter

fere with the feather molt. However, the incidence rates would be 

biased if the presence of trichomonads did retard the molt. 

Higher incidence in younger than in older age classes may 

indicate that many nestling doves were infected on the nest by their 

parents during the feeding process or were infected shortly after 

leaving the nest. Either death or recovery would lower the incidence 

in the next older age class. I suspect that the immature doves 

recovered in 1967 (if they were affected at all by the organism), as 

no dead doves were reported in 1967 while k2$ of the youngest doves 

were infected. I have no ready explanation for the cause of the 

seasonal variation in incidence; perhaps it is related to the high 

population density which results from reproduction. 

In 1965 the incidence of trichomoniasis in immature doves was 

26% (Straus 1966). The incidence in 1967 was comparable (36%)> but was 

higher in 1968 (50$). The incidence in adults was nearly the same in 

all three years: 19/b in 19&5 (Straus 1966), 1 4$ in 19^7j and 15$ in 

1968 (Figure l). The high incidence recorded in immature doves in 1968 

was probably related to the mortality reported in that year. 

The Relationship of Sex, Age, and Season 

to Incidence, Morbidity, and Mortality at Scottsdale 

The Scottsdale epizootic was reported to the Wildlife Research 

Unit in mid-March of 1968. The epizootic occurred on a private city lot 

of 2-|- acres. The home-owner was artificially feeding songbirds. 
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This caused a very high concentration of mourning doves on the lot 

during the spring migration. According to the home-owner, doves had 

been dying sporadically since the previous summer, and appreciable 

losses had occurred before I began trapping on the area (ll6 dead doves 

were buried the previous weekend). By mid-April the epizootic appeared 

to be waning. The timing of the epizootic was possibly significant in 

that it occurred during the spring migration and before the breeding 

period as evidenced by both the time of year and the small number of 

immature doves that were trapped. The 1950-51 epizootic in Alabama 

spanned approximately the same time period (Haugen and Keeler 1952). 

The annual cycle of physiology present in migratory birds may alter 

their resistance to disease and synchronize epizootics. The location 

of the epizootic may also be significant. Little mortality or morbidity 

were noted at Tucson when extensive mortality was occurring in 

Scottsdale. This indicates that the epizootic can be a local affair, 

and it is probably greatly influenced by artificial concentrations of 

doves. 

The results of the throat swabs from the healthy-appearing 

doves, the number of live-trapped doves with visible lesions, and the 

number of dead doves found at Scottsdale are recorded in Tables 5 and. 6. 

The data from the August trip were not included in the calculations for 

the epizootic period because no dead doves were found. 

The validity of much of the following discussion depends on the 

bases chosen to compute incidence, morbidity, and mortality rates„ The 

Tucson incidence rates are based on healthy-appearing doves simply 



because nearly all doves trapped there appeared healthy. However, the 

Scottsdale data included many dead and visibly sick doves in addition to 

healthy-appearing doves. All the dead doves collected on the study area 

had trichomonas lesions. The number of doves trapped in each time 

interval was relatively constant throughout the study period. Since the 

number of dead doves found on the study area decreased with time, the 

total number of doves examined decreased also and therefore was not a 

good base for incidence rates (Table 5)« Also it did not seem logical 

to include dead doves in the base for computing incidence in live doves. 

I chose healthy-appearing doves as the base for the Scottsdale incidence 

of infection and assumed that these incidence rates could be compared to 

those recorded at Tucson. I chose the total number of live doves as the 

base for the morbidity rate, i.e., the proportion of the living popula

tion with visible oral lesions. 

Sex 

There were 531 dead adult doves found at Scottsdale of which 66$ 

were males (Table 6); this is much greater than one-half (X2 = 53.78, 

1 df). Thus it appeared that either mortality was higher in males or 

more males were frequenting the study area. However, of the i+71 

healthy-appearing adult doves trapped at the study area only hkcj0 were 

males; this is significantly less than one-half (X2 = 7.90, 1 df). 

Thus it did not appear likely that more healthy males were frequenting 

the study area. Adult mourning doves share the incubation duties; the 

male incubates the clutch during the day, and the female incubates in 



Table 5. Incidence, morbidity, and mortality of trichomoniasis-in mourning doves examined at 
Scottsdale in 1968 by date. 

Mid-point of 
5-day tine 
interval 

Total 
doves 
examined 

Dead 
doves 

Live 
doves 
with 

lesions 

Healthy-
appearing 
doves 
(A) 

Infected 
healthy-
appearing 

doves 
(B) 

Incidence 
(B/A) 

Mar l^i 187 78 19 90 19 21% 

Mar 19 173 85 32 56 15 2% 

Mar 2b 258 lif-8 33 77 21 21% 

Mar 29 197 83 35 79 33 b2i 

Apr 3 155 7b 26 55 28 51$ 

Apr 8 116 bl 17 58 15 2% 

Apr 13 115 26 18 71 32 b% 

Total 1201 535 180 U86 163 3 bi 

Aug 6 55 0 l 5b 30 55$ 



20 

the late evening, during the night, and in the early morning (Bent 

1963). Thus if the doves had a tendency to die more often at a given 

hour, i.e., late evening, then more males than females would be expected 

on the study area. The time of day that the doves expired was not 

determined. In any case the time of year and the few immature doves 

captured indicated a minimum of breeding activity. I do not believe 

that breeding behavior was an important bias in the sex ratios. Seventy 

per cent of the live adults with lesions were males. This is much 

2 ' greater than one-half (X = 28.^8, 1 df) and indicates that morbidity 

also was higher in males. 

Forty-nine per cent of the infected but healthy-appearing adults 

were males; this is not significantly different from one-half (X2 = 

0.10, 1 df). Thus the incidence in healthy-appearing males was nearly 

the same as in females (as in Tucson). 

Age 

The Scottsdale epizootic involved almost entirely adult doves; 

only 22 immature doves were examined, 4 of these were dead and 3 were 

sick. Five were healthy but infected; this incidence is comparable to 

that in adults. 

Season 

The proportion of both dead and sick doves found on the study 

area decreased in mid-April (Table 5). In early August no dead doves 

and only one dove with a lesion were found. This implied that morbidity 

and mortality diminished as time went by. Possible causes were fewer 



Table 6. Incidence, morbidity, and mortality of trichomoniasis in adult mourning doves examined at 
Scotts&ale in 1968 by sex and date. 

Infected 
Live Healthy- healthy-

Mid-point of Total doves appearing appearing 
5-day time doves Dead with doves doves Incidence 
interval Sex examined doves lesions (A) (B) (B/A) 

Mar 14 M 103 k8 17 33 10 26% 
F 83 30 2 51 9 18 i 

Mar 19 M 105 57 21 27 11 bl% 
F 62 26 11 25 k 16$ 

Mar 2k M 1U9 99 22 28 10 36$ 
F 106 kQ 9 ^9 11 22 i 

Mar 29 M 103 51 26 26 14 
F 91 31 9 51 18 3 5i 

Apr 3 M 91 hi 16 28 11 M 
F 61 27 9 25 15 60 fa 

Apr 8 M 70 28 11 31 9 2 9i 
F Uk 13 6 25 6 2hi 

Apr 13 M 58 20 11 27 12 kkio 
F 53 6 7 4o 18 b5i 

Total M 679 350 124 205 77 38 $ 
F 500 181 

I 
53 266 81 301o 

Aug 6 M 33 1 32 16 50$ 
F 16 16 9 56$ 
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doves frequenting the study area or changes in the host resistance-

parasite virulence relationship. The incidence of infection in healthy-

appearing doves increased as mortality decreased. 

The Relationship Between Incidence and Mortality 

The relationship between incidence and mortality was not clear. 

At the beginning of the Scottsdale study period the incidence was 

relatively low (20$ to 30%) while mortality was quite high. In August 

the incidence was high (55$) hut mortality was low. Perhaps by late 

April enough of the dove population was either immune or resistant to 

break the chain of infection. Thus mortality may have been inversely 

related to incidence and the high incidence in August a result of doves 

recovered from or resistant to infection. But in 19°7 at the Tucson 

study area incidence increased from l6<f0 in April to 58®o in July, and no 

dead or sick doves were found as would be expected if an increase in 

incidence was always a result of an epizootic. 

The high incidence at Tucson may have resulted from an avirulent 

strain which did not cause mortality, while the Scottsdale strain was 

virulent and did cause mortality. The epidemiology of an avirulent 

strain is perhaps a separate phenomena from that of a virulent strain. 

A Mortality Estimate Based on Examinations 

of Live-Trapped Doves at Scottsdale 

A total of 666 live doves were examined at Scottsdale during the 

epizootic; of these 180 had a visible oral lesion for a morbidity rate 

of 27)L This is possibly higher than the actual rate because sick, 
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starving doves may be more easily trapped than healthy doves. A number 

of sick doves were collected on the study area and returned to the 

laboratory. A few were sacrificed, but 101 were not treated in any way, 

and all of these died. These sick doves were maintained under the same 

conditions as healthy doves which were held in captivity for periods 

over one year. Therefore, I believe that the morbidity rate was close 

to the mortality rate. 

The Relationship of Sex, Age, and Season 

to Infectivity and Recovery 

A total of 279 case histories involving 516 diagnoses of 

recaptured doves were recorded on the Tucson study area and U8 case 

histories involving 51 recaptures on the Scottsdale area. A number of 

possible sources of bias affected recaptures and thus case histories. 

The following were possible sources which were considered relatively 

unimportant to this study and were not evaluated: migratory and local 

movements of the doves, doves especially prone to recapture, and 

uniformity of the trapping effort. There were too few case histories 

to test sex, age, and season simultaneously. 

Turnovers (doves which changed from infected to uninfected or 

vice versa) were possibly due to infection or recovery of the dove, 

changes in the balance of host resistance and parasite virulence, or 

faulty technique (the efficacy of the throat swab diagnosis). Depending 

on the significance of these factors positive turnovers measure infec

tivity and negative turnovers measure recovery. The cause of some 



multiple turnovers could be explained as infections followed by recov

eries, but others involved more than two changes and may have been 

caused by changes in dove resistance or faulty technique. Jaquette 

(19*i8) also reported multiple turnovers in individually housed pigeons. 

There were 9 multiple turnovers at Tucson, and these were not included 

in the statistical tests. There were no multiple turnovers at 

Scottsdale; very few doves were trapped three times because of the 

short study period and the high mortality. The case histories were 

tabulated first by sex and age, then by time of year for each study 

area. 

Sex and Age 

The Tucson case history types were tabulated by the sex and age 

of the dove regardless of the time of year. Case histories of immature 

doves initially examined in 1967 but not recaptured until 1968 after 

they had matured were excluded from the tabulation (Table 7). The 

frequencies of the case histories of adult males and females were 

inadequate for reliable discussion; adult case histories were combined 

for comparisons with the case histories of immature doves. There were 

differences in the proportions of the types of case histories between 

adults and immatures, but they were not of statistical significance 

(heterogeneity X2 = 1.07, 3 df). 

Table 8 presents the Scottsdale adult case histories by sex. 

Only one immature dove was recaptured at Scottsdale, a dove initially 

uninfected which was later found dead; thus an age comparison was im

practical. Thirty-five banded adults found dead on the study area were 
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Table 7. Trichomoniasis case histories of mourning doves trapped at 
Tucson by sex and age. 

Type of 
case 

history* 

Adult 
males 
N °jo 

Adult 
females 
N ' % 

Total 
adults 
N 1o 

Immatures 
N i 

negative 
runs 31* 65 10 53 62 100 55 

Positive 
runs 6 12 1 5 7 10 1+1 23 

Positive 
turnovers 8 15 5 26 13 18 10 5 

Negative 
turnovers 3 6 3 16 6 8 2b 13 

Multiple 
turnovers 1 2 0 1 1 7 h 

Total 
cases 52 19 71 182 

* 

Negative runs for doves which gave negative throat swabs at every 
diagnosis. 

Positive runs for doves which gave positive throat swabs at every 
diagnosis. 

Positive turnovers for doves which gave negative then positive 
throat swabs. 

Negative turnovers for doves which gave positive then negative 
throat swabs. 

Multiple turnovers for doves which changed more than once. 
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Table 8, Trichomoniasis case histories of adult mourning doves trapped 
at Scottsdale. 

Type of Adult Adult Total 
case males females adults 

history* N % N 1o N $ 

Negative 
runs 0 6 20 6 13 

Positive 
runs 10 59 8 27 18 38 

Positive 
turnovers 7 in 15 50 22 hi 

Negative 
turnovers 0 1 3 1 2 

Multiple 
turnovers 0 0 0 

Total cases 17 30 hi 

* 

Negative runs for doves which gave negative throat swabs at every 
diagnosis. 

Positive runs for doves which gave positive throat swabs at every 
diagnosis. 

Positive turnovers for doves which gave negative then positive 
throat swabs. 

Negative turnovers for doves which gave positive then negative 
throat swabs. 

Multiple turnovers for doves which changed more than once. 
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included as recaptures; thus many positive runs and positive turnovers 

terminated with the death of the dove. Samples were inadequate for 

statistical comparison between adult males and females. Even though 

males and females had nearly the same proportion of runs and turnovers, 

all the negative runs were in females, and there were only half as many 

positive runs as in males. This is because more males were found dead 

than females. Infectivity was approximately the same in each sex (Ul<j£ 

and 50°jo). 

Season 

Table 9 presents the Tucson and Scottsdale case histories by 

time regardless of sex and age. The Tucson study period was divided 

into three time periods on the basis of the seasonal variation of inci

dence and the mortality recorded in 1968. The Scottsdale case histories 

were treated as a single time period. Shorter time periods were imprac

tical because it was necessary to have examined a dove at least twice 

in a time period to have a case history. 

The proportion of negative runs decreased with time on the 

Tucson study area and was lowest at Scottsdale. This implied that a 

dove's chances of being infected increased, and infectivity did increase 

at Tucson from 1967 to 1968 and was very high at Scottsdale. The very 

low infectivity early in 1967 at Tucson agreed with the high proportion 

of negative runs, but neither observation seemed to agree with the 

increasing incidence of infection recorded during this time period 

(Figure 2). This may mean that much of the seasonal increase in 
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Table 9» Trichomoniasis case histories of mourning doves by time of 
year and location. 

Tucson Scottsdale 

19 April 1967 lk July 1967 10 January 1968 16 March 1968 
Type of to to to to. 
case 13 July 1967 9 January 1968 23 August 1968 13 April 1$63_ 

histories* N $ N °jo N % N % 

Negative 
runs 

Positive 
runs 

Positive 
turnovers 

Negative 
turnovers 

Multiple 
turnovers 

71 73 

13 13 

k 

6 

3 

h 

6 

3 

63 53 

30 25 

5 b 

18 15 

18 k2 

8 19 

9 21 

6 lk 

2 5 

6 18 

10 29 

17 50 

1 3 

Total 
cases 97 119 *+3 3^ 

* 
Negative runs for doves which gave negative throat swabs at every 

diagnosis. 
Positive runs for doves which gave positive throat swabs at every 

diagnosis. 
Positive turnovers for doves which gave negative then positive 

throat swabs. 
Negative turnovers for doves which gave positive then negative 

throat swabs. 
Multiple turnovers for doves which changed more than once. • 
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incidence at Tucson in 1967 was a result of an influx of young immatures 

into the population subject to trapping. If these young immature doves 

were infected as nestlings they would have been infected at the first 

examination and could not have been recorded as positive turnovers. 

Immunity, Virulence, and the Duration of Infection 

An attempt to raise a trichomonas-free flock of mourning doves 

for strain assay experiments by collecting and artificially incubating 

eggs proved impractical. A successful diet and feeding method was 

established, but it required too much time to raise an adequate number 

of doves for experimental purposes. Wild-trapped doves of unknown 

immunological history were used instead. It is possible that there are 

races of mourning doves in southern Arizona which differ in their 

resistence to trichomoniasis. The outcome of the subsequent experiments 

are of questionable value for these reasons. 

From mid-April through July, 1968 mourning doves trapped on the 

Tucson study area were held in an outdoor flight cage until the throat 

swabs were examined. Most uninfected doves were then banded and 

released, but some were moved to laboratory cages for experimental 

purposes. All infected doves (29) were moved to laboratory cagesj four 

of these developed trichomonas lesions within 12 days of capture and 

died. Since the incubation period of avian trichomoniasis is usually 

less than 8 days (Stabler 1953)> the remaining 25 initially infected 

doves were held in captivity for 25 to 253 days and examined periodi

cally. Six of these were positive at every diagnosis for periods 
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of ^3, 50, 83, 2V7, and 253 days; no signs of pathogenesis were ever 

observed in them. In an attempt to determine whether these doves were 

infected with an avirulerit strain, or resistant to or recovered from a 

virulent strain, four were inoculated with trichomonads isolated from 

lesions of Scottsdale doves, i.e., trichomonads capable of initiating 

pathogenesis. All four developed lesions in 7 to 20 days and died. 

This implied that the challenging strain was more virulent than the 

resident strain and that the doves were not resistant or immune to a 

virulent strain. I do not believe that dosage is a significant factor 

in initiating pathogenesis. Stabler and Kihara (195^0 have shown that a 

single virulent trichomonad is capable of initiating pathogenesis in 

pigeons. The remainder of the initially positive doves gave a negative 

diagnosis 6 to 86 days after capture. Fourteen of these doves were also 

inoculated with trichomonads from Scottsdale and eleven exhibited 

lesions within 20 days and died. Since these doves were infected and 

recovered only to succumb to a challenging infection, the initial infec

tion did not confer a protecting immunity. Three of the doves survived, 

and these may have been immune or resistant for some other reason. 

These results are not definitive proof, but they imply that 

strains of trichomonads of different virulence exist in mourning doves 

and protecting immunity is not evident in all circumstances. 



SUMMARY AND CONCLUSIONS 

Adult male and adult female doves had nearly the same incidence 

and infectivity in both epizootic and non-epizootic situations, but 

adult males had higher morbidity and mortality in epizootic situations. 

Immature doves had higher incidence than adult doves in a non-epizootic 

situation. 

Age and season had separate effects on the incidence of non-

epizootic trichomoniasis, but some of the summer increase in incidence 

apparently was a result of an influx of young immature doves of high 

incidence into the population subject to trapping. 

The relation between incidence and the epizootic was not clear. 

During the non-epizootic period at Tucson incidence increased 15$ to 

58$, but no morbidity or mortality was noted. During the Scottsdale 

epizootic high mortality was associated with low incidence, and 

mortality decreased as incidence increased. 

Six wild-trapped doves infected at capture were held in cap

tivity and remained infected for periods of 4 3 to 253 days, but they 

never exhibited signs of pathogenesis. 

Results of inoculation of wild-trapped doves of unknown 

immunological history imply that strains of different virulence exist 

in mourning doves in southern Arizona and that protecting immunity is 

not evident in all circumstances. 

31 



32 

The morbidity rate during the epizootic was 27$; the mortality 

rate appeared to approximate the morbidity rate. 

It should be noted that if the annual physiological cycle of the 

migratory mourning dove affects its resistance to disease, the results 

of laboratory experiments performed with the non-migratory domestic 

pigeon may not be applicable to the dove. 
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