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Many animal shelter and rescue facilities collect in-
take and outcome data to assess their individual 

performance, and efforts are underway to aggregate 
data on a national level in the United States.1 How-
ever, few studies2–8 have included measurement of 
the complex dynamics of annual shelter performance 
of an entire state’s shelter and rescue system over an 
extended period.

A study2 of dog and cat intake, euthanasia, and 
adoption statistics in New York City animal shelters 
from 1894 through 1994 offered an important histori-
cal perspective on shelter performance across a single 
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OBJECTIVE
To measure temporal trends in animal shelter and rescue intakes and out-
comes for dogs and cats in Colorado from 2000 through 2015 and compare 
trends from 2008 through 2015 with previously reported trends from 2000 
through 2007.

DESIGN
Serial cross-sectional study.

SAMPLE
76 animal shelter and rescue facilities with annual intake and outcome data 
consistently reported to the state of Colorado from 2000 through 2015.

PROCEDURES
Data were collected for dogs and cats each year during the study period 
on 5 annual scales: number of animals taken in, number of animals taken 
in/1,000 state residents, animal outcomes as a percentage of intakes (spe-
cies-specific scales), and annual live release rate as a function of intakes 
and outcomes. Aggregate data were analyzed for temporal trends by linear 
regression modeling.

RESULTS
Decreases in annual intake and euthanasia rates and a concurrent increase 
in live release rate were observed for both species. The decreases observed 
for cats from 2008 through 2015 contrasted with the previously reported 
findings of increased rates of intake and euthanasia from 2000 through 2007.

CONCLUSIONS AND CLINICAL RELEVANCE
We believe that these temporal trends suggested substantial improvements 
in intake and outcome data for sheltered cats and dogs across Colorado 
that reflected changes in unhoused animal populations, along with the im-
pact of resource allocation to spay-neuter programs, adoption marketing, 
intershelter transfers, and evidence-based improvements in operations. The 
findings indicated that consistent data collection and interorganizational 
collaboration can be used to optimize animal shelter capacity and outcomes 
across a statewide shelter system. ( J Am Vet Med Assoc 2019;254:363–372)

city based on 12 data points during the 100-year span. 
During that period, an approximately 10-fold decrease 
was identified in the annual number of animals eutha-
nized/10,000 animals taken in, starting around 1930. 
In another study,3 annual data from New Hampshire 
animal shelters from 1983 through 2005 were ana-
lyzed. Linear trends in intake and euthanasia rates for 
cats increased until a government-funded spay-neuter 
program was initiated in 1994, at which point the in-
take and euthanasia rates for cats began decreasing 
through the end of the study in 2005. In the same 
study, linear trends in intake and euthanasia rates for 
dogs were already declining between 1983 and the 
initiation of the spay-neuter program in 1994. The 
trend continued until 2000, when a slight increase 
or stabilization in the intake and euthanasia rates for 
dogs occurred. In another study,4 165 animal shelters 
and animal control agencies in Ohio were surveyed 
in 1996 and again in 2004, revealing a 39% decrease 

ABBREVIATIONS
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PACFA  Pet Animal Care Facilities Act
RTO  Returned to owner
SNR  Shelter-neuter-return
TNR  Trap-neuter-return



Small Animals

364 JAVMA  |  FEB 1, 2019  |  VOL 254  |  NO. 3

in the number of dogs euthanized between surveys, 
likely driven by a 17% decrease in intake rates and 
a 19% increase in adoption rates during that period. 
On the other hand, the number of cats euthanized 
increased by 14% during the same period, with a 26% 
increase in the number of adoptions that was unable 
to offset the 20% increase in the number of intakes. 
Although these findings may be useful for assessing 
the influence of individual program interventions on 
shelter performance or for understanding how over-
all changes in shelter performance may be achieved 
over time, they do not capture the dynamics of how 
an entire state can optimize and then sustain its total 
capacity to serve cats and dogs without homes. 

Reports of previous studies5,6,9 have documented 
the difficulties encountered in trying to collect stan-
dardized and state-mandated data from animal shel-
ters and rescue organizations. Colorado’s PACFA man-
dates that all animal shelter and rescue facilities that 
handle more than any combination of 24 dogs and 
cats/y or have > 15 dogs and cats housed in a central 
facility must be licensed by the state’s department of 
agriculture, meet defined physical facility standards, 
be available for inspection by the state commissioner, 
and submit an annual animal intake and outcomes re-
port.7 The PACFA regulations are enforced through 
inspections, civil fines, and license suspension, de-
nial, and revocation. Beyond increasing oversight on 
shelter and rescue operations, this legislation result-
ed in the collection of intake and outcome data for 
dogs, cats, and other species from animal shelters and 
rescues across Colorado starting in 2000. A previous 
study8 of temporal trends in annual intake and out-
come data from 104 shelter and rescue facilities with 
consistent data reporting from 2000 through 2007 
showed that across several scales, dog intake, live 
release, and euthanasia rates remained unchanged 
or decreased slightly with time, whereas cat intake 
and euthanasia rates increased and LRRs decreased 
over this 8-year period. These findings, reinforced by 
those of a longer-term study10 of temporal trends in 
intake and outcome data from 4 large shelters in the 
metropolitan Denver area from 1989 through 2010, 
supported decisions by Colorado shelter facilities and 
associations to focus more resources on improving 
outcomes for cats while at least maintaining existing 
outcomes for dogs.11

The purpose of the study reported here was to 
assesses temporal trends in intake and outcome data 
from a subgroup of Colorado shelter and rescue facili-
ties that consistently reported these data during the 
8-year period from 2008 through 2015, which repre-
sented a period equal to that covered in the previous 
study8 (2000 through 2007). Specifically, we sought 
to assess the temporal trends identified in the previ-
ous 8-year period, the later 8-year period, and the en-
tire 16-year period using aggregate data for each year 
on 5 shelter performance scales: number of dogs and 
cats taken in, number of dogs and cats admitted/1,000 
state residents, dog and cat outcomes (ie, adoptions, 

RTOs, transfers, euthanasias, and deaths or other out-
comes otherwise unaccounted for) as a percentage of 
the number of intakes, LRR as a function of the total 
number of intakes, and LRR as a function of the total 
number of outcomes. The aim was to provide insights 
into the potential impacts of directed and collabora-
tive resource allocation on animal shelter dynamics 
across an entire state over more than a decade and 
a half.

Materials and Methods
Data compilation

Intake and outcome data for all PACFA-licensed 
facilities from the years 2000 through 2015 were 
obtained from the Colorado Department of Agricul-
ture. These data had been gathered annually from 
all licensed shelter facilities that housed or fostered 
≥ 15 animals in any year and from all rescue facili-
ties that handled ≥ 24 dogs or cats in any year. Only 
data from the 76 animal shelters and rescue groups 
with reported data for all 16 years were included in 
the study. Additional data fields (eg, types of intakes) 
have been added to the PACFA data collection pro-
cess since 2008, but only data regarding those fields 
for which information had been collected since 2000 
were included in the study.

Information was obtained regarding numbers of 
dogs and cats taken in by the shelter and rescue facili-
ties as owner relinquishments or strays and through 
in-state and out-of-state transfer partnerships. These 
data were then collapsed into a singular category (in-
take) because facility intake data prior to 2008 did not 
include the specific numbers of animals in each cat-
egory of impounded, relinquished, or transferred in. 
Additionally, numbers of cats and dogs that were eu-
thanized, adopted, RTO, transferred out, and died or 
were otherwise unaccounted for in outcome counts 
(died or other) were also obtained as outcome data. 
Outcomes for cats brought to the shelter and rescue 
facilities through TNR and SNR programs were ac-
counted for within program-specific reports or were 
classified as either RTO or as “other” following their 
spay or neuter procedures. Animals sent to other shel-
ter and rescue facilities in the state were classified 
as transfers. Such transfers did not include animals 
moved offsite for temporary foster care.

Annual data from the 76 facilities were aggre-
gated for each species, and the data were summa-
rized on 3 scales: total number of animals taken in 
per year; total number of animals taken in/1,000 state 
residents/y, adjusted for the percentage of total state 
intakes represented by the facilities; and the percent-
age of total number of animals taken in represented 
by each species (cat or dog) per year. Animals eutha-
nized on owner request and those classified as dead 
on arrival were excluded from total intake counts. 
The state resident-based statistic was calculated by 
adjusting the total number of state residents reported 
in the Colorado State Demography Office State and 
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County Population Estimates12 by the percentage of 
total number of dog or cat intakes represented by 
the 76 facilities. This adjustment to the data subset 
resulted in the same numbers of animals/1,000 state 
residents as when calculated from the total intake 
and outcome data divided by the total number of state 
residents, and it was therefore deemed a more accu-
rate representation of this variable statewide than the 
unadjusted statistic. Descriptive statistics were calcu-
lated for each scale and species for each year on a 
statewide basis.

Annual LRRs for dogs and cats from included fa-
cilities were computed on 2 scales (as a function of 
total facility intakes per year and as a function of total 
facility outcomes per year) as follows:

LRR(total intakes) = (number of adoptions + number of 
RTOs + number transferred out)/total intakes

LRR(total outcomes) = (number of adoptions + number of 
RTOs + number transferred out)/total outcomes

Transfers of animals between multiple in-state 
shelters may have resulted in some animals being 
represented in intake data more than once. The 
maximum proportion of possible intake errors in this 
regard, assuming all transfers were between the 76 
facilities included in the study, was calculated by di-
viding the aggregate annual number of transfers by 
the aggregate annual number of intakes for each spe-
cies. The facilities included in the study represented 
80% of those that reported transfers in 2015.

Statistical analysis
Because temporal trends were expected to be 

monotonic over any interval, linear regression analy-
sis was performed to identify simple increases or de-
creases over time in the aggregated annual data for 
each of the 5 metrics of interest. Data from the earlier 
8-year period in the previous study8 (2000 through 
2007), the subsequent 8-year period in the present 
study (2008 through 2015), and the entire study pe-
riod (2000 through 2015) were analyzed. For linear 
regression plots, the y-intercept represented the mag-
nitude of each metric at the beginning of each of 
the 3 study intervals and the slope represented the 
amount of change per year. Visual inspection of scat-
terplots of the data provided no evidence of system-
atic heteroscedasticity. No correction for autocorrela-
tion was incorporated into the analyses, although the 
influence of data from a previous year on the next 
would generally flatten the observed trends. Slopes 
with P values ≤ 0.05 were deemed to be significantly 
different from 0, whereas those with P values > 0.05 
were considered to represent no significant change 
over the evaluated period. Because of the exploratory 
nature of the analyses, no adjustments for the multi-
plicity of testing were incorporated. Hence, the over-
all type I error rate might have exceeded the α value 
(ie, 0.05) for individual tests.

Total change, final value, and percentage change 
over the study period were calculated for all trend 
(linear regression) lines with slopes significantly dif-
ferent from 0. Total change was calculated as the 
slope multiplied by the number of years in the regres-
sion analysis. The final value of the trend line was 
calculated by adding the total change to the y-inter-
cept value, and percentage change was calculated as 
100 times the total change divided by the y-intercept 
value. For trend lines with slopes not significantly dif-
ferent from 0, the final value was assumed to be the 
same as the y-intercept value. Data were reported as 
predicted values from linear regression analyses and 
not as observed values. Thus, values for the first year 
of any of the 3 study periods were reported as the 
y-intercept for the linear equation, and values for any 
subsequent year were reported as calculated from the 
y-intercept and slope.

Because of the ordinal nature of the collected data, 
Spearman rank correlation coefficients (rs) were cal-
culated to determine the correlations between paired 
data. Standard definitions (eg, strong correlation, rs = 
0.60 to 0.79; very strong correlation, rs = 0.80 to 1.00) 
were used to report strength of correlations.

Results
Temporal trends in the shelter and rescue facility 

intake and outcome data for dogs and cats were sum-
marized for total number of animals taken in per year 
(Table 1), number of animals taken in/1,000 state 
residents per year (Table 2), each type of outcome as 
a percentage of the total number of intakes per year 
(Table 3), and LRR as a percentage of total intakes and 
percentage of total outcomes (Table 4). To illustrate 
the variability in the data and depict the relationships 
between different facility outcomes, outcome data for 
dogs and cats were graphically displayed as percent-
ages of intakes (Figure 1).

Over the entire 16-year period (2000 through 
2015), the estimated human population in the state 
of Colorado steadily increased from 4,338,831 to 
5,456,584.12 At the same time, the number of shelter 
and rescue facilities with consistently reported annual 
intake and outcome data for dogs and cats decreased 
from 104 for the period from 2000 through 2007 (as 
in the previous study8) to the 76 facilities included in 
the present study. These facilities were deemed to rep-
resent the core of animal shelter capacity in the state 
and included all of the top 10, 17 of the top 20, and 
33 of the top 50 facilities as ranked by total intakes 
in 2015. The 3 facilities not represented in the sample 
that were included in the top 20 for total intake in 2015 
were all founded after 2000 and therefore excluded. 
Although some of the shelter and rescue facilities in 
Colorado that did not meet the minimum animal han-
dling or housing requirements for PACFA registration 
and reporting were not included in the sample, they 
were deemed unlikely to have represented an impor-
tant portion of capacity, given the low number of ani-
mals permitted outside of licensing. 
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The percentage of total intakes by the 76 in-
cluded facilities steadily declined from > 95% of all 
dogs and cats taken in by all reporting Colorado shel-
ter and rescue facilities in 2000 to 65% of dogs and 

71% of cats in 2015. This decrease in the percentage 
of total intakes was attributable to the exclusion of 
data from some of the original subgroup of shelters 
included in the previous study8 owing to inconsistent 

 Dogs Cats 

Data type,     Total  Final Percentage      Total Final   Percentage
by period Slope P value* y-intercept  change value change Slope P value* y-intercept   change value change

Intake            
 2000–2015 –677.6 0.01 82,147 –10,164 71,983 –12.4 –10.1 0.97 54,329 NC 54,329 NC
  2000–2007 –39.3 0.88 79,125 NC 79,125 NC 2,199.2 < 0.001 46,623 15,394 62,017 33.0
  2008–2015 –2,517.0 0.005 83,953 –17,619 66,334 –21.0 –2,178.0 < 0.001 61,809 –15,246 46,563 –24.7
Euthanasia            
  2000–2015 –797.4 < 0.001 18,159 –11,961 6,198 –65.9 –804.7 0.02 23,925 –12,071 11,855 –50.5
  2000–2007 51.3 0.85 15,555 NC 15,555 NC 1,276.8 0.01 16,676 8,938 25,614 53.6
  2008–2015 –1,087.0 < 0.001 12,427 –7,609 4,818 –61.2 –2,832.1 < 0.001 24,548 –19,825 4,723 –80.8
Adoption            
  2000–2015 –22.6 0.91 31,627 NC 31,627 NC 250.7 < 0.001 23,702 3,761 27,463 15.9
  2000–2007 –276.6 0.08 31,525 NC 31,525 NC 457.4 0.008 23,212 3,202 26,414 13.8
  2008–2015 –1,279.2 0.06 36,836 NC 36,836 NC 400.3 0.04 24,950 2,802 27,752 11.2
RTO            
  2000–2015 –182.3 0.31 26,948 NC 26,948 NC 84.5 0.14 2,291 NC 2,291 NC
 2000–2007 –140.4 0.28 27,290 NC 27,290 NC –6.1 0.83 2,583 NC 2,583 NC
  2008–2015 519.9 0.47 22,544 NC 22,544 NC 137.8 0.57 2,804 NC 2,804 NC
Transfer            
  2000–2015 180.3 < 0.001 3,510 2,705 6,215 77.1 196.7 < 0.001 1,980 2,951 4,931 149.0
  2000–2007 326.6 < 0.001 2,984 2,286 5,270 76.6 354.9 < 0.001 1,383 2,484 3,867 179.6
  2008–2015 12.4 0.85 5,554 NC 5,554 NC –28.2 0.79 4,384 NC 4,384 NC
Died or other            
  2000–2015 129.9 0.03 1,026 1,949 2,975 189.9 215.4 0.002 724 3,231 3,955 446.3
  2000–2007 –91.4 0.07 1,606 NC 1,606 NC 82.7 0.32 1,322 NC 1,322 NC
  2008–2015 54.4 0.81 2,524 NC 2,524 NC 551.2 0.025 1,140 3,858 4,998 338.5

*P value represents whether the slope of the linear regression line (ie, the temporal trend line) was significantly different from 0. 
Values of P ≤ 0.05 were considered significant. The r2 value for all identified significant trends was > 0.50.
NC = Not calculated.
Outcome data included dogs and cats that were adopted, RTO, transferred to another facility or euthanized or that died or had other outcomes otherwise unaccounted for.

Table 1—Results of linear regression analysis of dog and cat intake and outcome data (total annual numbers) reported by 76 
consistently reporting animal shelter and rescue facilities in Colorado from 2000 through 2015, 2000 through 2007, and 2008 
through 2015.

 Dogs Cats 

Data type,     Total  Final Percentage      Total Final   Percentage
by period Slope P value* y-intercept  change value change Slope P value* y-intercept   change value change

Intake
 2000–2015 –0.08 0.11 20.5 NC 20.5 NC –0.07 0.40 14.1 NC 14.1 NC
  2000–2007 0.24 0.04 19.5 1.7 21.2 8.6 0.64 < 0.001 11.9 4.5 16.4 37.6
  2008–2015 –0.20 0.15 20.1 NC 20.1 NC –0.43 < 0.001 14.6 –3.0 11.6 –20.6
Euthanasia            
  2000–2015 –0.19 < 0.001 4.5 –2.9 1.7 –63.3 –0.22 0.01 6.1 –3.3 2.8 –54.1
  2000–2007 0.06 0.30 3.8 NC 3.8 NC 0.37 0.005 4.1 2.6 6.7 63.2
  2008–2015 –0.23 < 0.001 3.0 –1.6 1.4 –53.7 –0.66 < 0.001 5.8 –4.6 1.2 –79.7
Adoption            
  2000–2015 0.12 < 0.001 7.5 1.8 9.3 24.0 0.03 0.25 6.2 NC 6.2 NC
  2000–2007 0.03 0.62 7.7 NC 7.7 NC 0.15 0.009 5.9 1.1 7.0 17.8
  2008–2015 0.16 0.03 8.3 1.1 9.4 13.5 0.16 0.051 5.8 NC 5.8 NC
RTO            
  2000–2015 –0.09 0.001 7.0 –1.4 5.7 –19.3 0.02 0.21 0.6 NC 0.6 NC
  2000–2007 0.05 0.09 6.7 NC 6.7 NC 0.00 0.50 0.6 NC 0.6 NC
  2008–2015 0.00 0.95 5.9 NC 5.9 NC 0.04 0.49 0.6 NC 0.6 NC
Transfer            
  2000–2015 0.05 < 0.001 0.8 0.8 1.6 89.3 0.04 < 0.001 0.6 0.6 1.2 100.0
  2000–2007 0.10 < 0.001 0.7 0.7 1.4 100.0 0.09 < 0.001 0.4 0.6 1.0 157.5
  2008–2015 0.03 0.22 1.4 NC 1.4 NC 0.00 0.87 1.0 NC 1.0 NC
Died or other            
  2000–2015 0.04 0.02 0.2 0.6 0.8 300.0 0.05 0.004 0.2 0.8 1.0 375.0
  2000–2007 –0.01 0.21 0.4 NC 0.4 NC 0.02 0.27 0.3 NC 0.3 NC
  2008–2015 0.03 0.62 0.6 NC 0.6 NC 0.14 0.03 0.2 1.0 1.2 490.0

Population estimates were obtained from the Colorado State Demography Office State and Population Estimates.12

See Table 1 for remainder of key.

Table 2—Results of linear regression analysis of dog and cat intakes and outcomes/1,000 state residents as reported by the same 
facilities for the same periods as in Table 1.
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reporting as well as the exclusion of the new shel-
ter and rescue facilities that began operations after 
2000. These changes in the state human population 
and decreasing intake represented in the consistently 
reporting subgroup were accounted for in the per 
capita calculations.

Intake
From 2000 to 2015, the trend (linear regression) 

line indicated that the annual number of dogs taken 
in by shelter and rescue facilities decreased by 12.4%. 
Most of this decrease occurred in the period from 
2008 through 2015, during which a 21.0% decrease 
was observed. When growth of Colorado’s human 
population was accounted for, intake data for dogs 
remained unchanged from 2000 to 2015. By the end 
of the period from 2008 through 2015, the intake 
rate for dogs for the 76 facilities was approximately 
66,000/y or 20.1/1,000 state residents/y.

Trend lines for cats indicated an increase in the 
annual number of cats and number of cats/1,000 state 
residents taken in by facilities during the period from 

2000 through 2007, followed by a decrease in the 
period from 2008 through 2015. For example, from 
2000 to 2007, a 37.6% increase in the number of cat 
intakes/1,000 state residents was observed, followed 
by a 20.6% decrease from 2008 to 2015. This pattern 
resulted in trend lines with no slope across the entire 
study period for both scales for cats, with approxi-
mately 54,000 cats or 14.1 cats/1,000 state residents 
taken into the shelter and rescue facilities every year. 
By the end of the period from 2008 through 2015, 
the intake rate for cats was approximately 46,500/y 
or 11.6/1,000 state residents/y.

Euthanasia
Trend lines indicated that the annual num-

ber of dogs euthanized and number of dogs eutha-
nized/1,000 state residents decreased by > 60% from 
2000 to 2015. Most of this decrease occurred be-
tween 2008 and 2015. By the end of the period from 
2008 through 2015, the euthanasia rate for dogs had 
decreased to approximately 4,800/y, 1.4/1,000 state 
residents/y, or 7.5% of dog intakes/y.

 Dogs Cats 

Outcome,     Total  Final Percentage      Total Final   Percentage
by period Slope P value* y-intercept  change value change Slope P value* y-intercept   change value change

Euthanasia
  2000–2015 –0.94 < 0.001 22.6 –14.1 8.5 –62.4 –1.61 < 0.001 44.5 –24.2 20.4 –54.3
  2000–2007 0.07 0.82 19.6 NC 19.6 NC 0.78 0.14 36.0 NC 36.0 NC
  2008–2015 –1.08 < 0.001 15.1 –7.6 7.5 –50.1 –4.20 < 0.001 41.0 –29.4 11.6 –71.7
Adoption            
 2000–2015 0.77 < 0.001 36.3 11.6 47.9 31.8 0.55 0.11 43.6 NC 43.6 NC
  2000–2007 –0.33 0.18 39.8 NC 39.8 NC –1.08 0.03 49.7 –7.6 42.1 –15.2
  2008–2015 1.34 0.009 40.8 9.4 50.2 23.0 2.91 0.003 39.2 20.4 59.6 52.0
RTO            
  2000–2015 –0.31 < 0.001 34.5 –4.7 29.9 –13.5 0.16 0.15 4.3 NC 4.3 NC
  2000–2007 –0.16 0.053 34.5 NC 34.5 NC –0.21 0.01 5.5 –1.5 4.0 –26.7
  2008–2015 0.31 0.40 29.3 NC 29.3 NC 0.45 0.31 4.5 NC 4.5 NC
Transfer            
  2000–2015 0.30 < 0.001 4.1 4.5 8.6 109.8 0.39 < 0.001 3.4 5.9 9.3 172.1
  2000–2007 0.41 < 0.001 3.8 2.9 6.7 75.5 0.48 0.002 3.1 3.4 6.5 108.4
  2008–2015 0.28 0.09 6.5 NC 6.5 NC 0.26 0.10 7.0 NC 7.0 NC
Died or other            
   2000–2015 0.21 0.03 1.1 3.2 4.3 286.4 0.46 0.005 1.0 6.9 7.9 690.0
  2000–2007 –0.11 0.09 2.0 NC 2.0 NC 0.02 0.87 2.9 0.1 3.0 4.8
  2008–2015 0.21 0.55 3.0 NC 3.0 NC 1.35 0.08 1.3 9.5 10.8 726.9

See Table 1 for key.

Table 3—Results of linear regression analysis of dog and cat outcomes as a percentage of intakes as reported by the same facilities 
for the same periods as in Table 1.

 Dogs Cats 

LRR,     Total  Final Percentage      Total Final   Percentage
by period Slope P value* y-intercept  change value change Slope P value* y-intercept   change value change

Intake            
  2000–2015 0.61 0.002 75.6 9.2 84.8 12.1 1.10 0.004 51.2 16.5 67.7 32.2
  2000–2007 –0.08 0.77 78.1 NC 78.1 NC –0.80 0.07 58.3 NC 58.3 NC
  2008–2015 1.49 0.03 77.3 10.4 87.7 13.5 3.63 < 0.001 50.7 25.4 76.1 50.1
Outcome            
  2000–2015 0.73 < 0.001 76.0 11.0 87.0 14.4 1.17 0.002 53.0 17.6 70.6 33.1
  2000–2007 0.02 0.94 78.3 NC 78.3 NC –0.80 0.12 59.9 NC 59.9 NC
  2008–2015 1.04 0.007 81.1 7.3 88.4 9.0 3.24 < 0.001 55.0 22.7 77.7 41.2

See Table 1 for key.

Table 4—Results of linear regression analysis of dog and cat LRRs as a function of total annual intakes and outcomes as reported 
by the same facilities for the same periods as in Table 1.
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From 2000 to 2015, trend lines for cats indicated 
that the annual number of cats euthanized, number 
euthanized/1,000 state residents, and euthanasia as a 
percentage of cat intakes decreased by > 50%. Similar 
to the trends observed in the cat intake data, these 
scales generally increased from 2000 to 2007 and 
then decreased from 2008 to 2015. In contrast to the 
intake data, the substantial decreases in euthanasia 
rates from 2008 to 2015 resulted in trend lines that 
decreased across the entire study period. By the end 
of the period from 2008 through 2015, the euthanasia 
rate for cats had decreased to approximately 4,700/y, 
1.2/1,000 state residents/y, or 11.6% of cat intakes/y.

Adoption
Trend lines indicated that the annual number of 

dogs adopted from 2000 to 2015 remained unchanged, 
even during the two 8-year subperiods. However, 

when adjusted for human population 
growth, the trend line for dog adop-
tions over the entire 16-year period 
indicated a 24.0% increase. Dog adop-
tions as a percentage of dog intakes 
increased by 31.8% from 2000 to 2015, 
with most of this increase occurring 
during the period from 2008 through 
2015. Dog adoption as a percentage of 
intakes over the entire 16-year period 
was very strongly inversely correlated 
(rs = 0.97; P < 0.001) with dog euthana-
sia as a percentage of intakes over the 
same period. By the end of the period 
from 2008 through 2015, the adop-
tion rate for dogs was approximately 
36,800/y, 9.4/1,000 state residents/y, 
or 50.2% of dog intakes/y.

Trend lines indicated that the an-
nual number of cats adopted from 2000 
through 2015 increased by 15.9%, with 
fairly equivalent percentage increases 
over the two 8-year subperiods. How-
ever, when accounting for human pop-
ulation growth, the only trend line for 
this scale that had a significant slope 
was that from 2000 to 2007, during 
which a 17.8% increase was observed. 
Overall, cat adoptions as a percent-
age of cat intakes from 2000 to 2015 
remained constant at approximately 
44%. However, the percentage of cats 
adopted from 2000 through 2007 de-
creased by 15.2% before increasing by 
52.0% between 2008 and 2015. Similar 
to the dog adoption rate, cat adoptions 
as a percentage of cat intakes was 
strongly inversely correlated (rs = 0.79; 
P < 0.001) with cat euthanasia as a per-
centage of cat intakes over the same 
period. By the end of the period from 
2008 through 2015, the adoption rate 

for cats was approximately 27,800/y, 5.8/1,000 state 
residents/y, or 59.6% of cat intakes/y.

RTO
Trend lines indicated that the annual number of 

dogs returned to their owners remained constant from 
2000 to 2015. However, an overall decrease of 19.3% 
was observed from 2000 to 2015 when human popu-
lation growth was taken into account, with a concur-
rent decrease of 13.5% as a percentage of dog intakes. 
The trend lines for each RTO scale had no slope when 
analyzed as the two 8-year subperiods. By the end 
of the period from 2008 through 2015, the RTO rate 
for dogs was approximately 22,500/y, 5.9/1,000 state 
residents/y, or 29.3% of dog intakes.

No significant trends were identified in any RTO 
scale for cats across the entire 16-year period. By the 
end of the period from 2008 through 2015, the RTO 

Figure 1—Annual outcome data for dogs (A) and cats (B) from 76 consistently 
reporting animal shelter and rescue facilities in Colorado as a percentage of in-
takes from 2000 through 2015.
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rate for cats was approximately 2,800/y, 0.6/1,000 
state residents/y, or 4.5% of cat intakes.

Transfers
Trend lines indicated that the annual number of 

dogs transferred from 1 of the 76 shelter and rescue 
facilities to other facilities increased by 77.1% during 
the entire 16-year period. Most of this increase oc-
curred between 2000 and 2007, during which a 76.6% 
increase was observed. The slope of the trend line 
for the period from 2008 through 2015 indicated no 
change. A similar pattern was observed when human 
population growth was accounted for, with much 
of the 89.3% increase in the trend line for 2000 to 
2015 occurring during the period from 2000 through 
2007. This pattern was also observed when transfers 
were considered as a percentage of dog intakes, with 
an increase of 109.8% from 2000 to 2015 driven large-
ly by a 75.5% increase from 2000 to 2007. None of 
the slopes of the trend lines for these 3 scales were 
significant for the period from 2008 through 2015. By 
the end of that period, the transfer rate for dogs was 
approximately 5,600/y, 1.4/1,000 state residents/y, or 
6.5% of dog intakes.

Trend lines for cats indicated that the annual 
number transferred to other facilities increased by 
149.0% from 2000 to 2015, with most of this increase 
attributable to the 179.6% increase from 2000 to 
2007. A similar pattern was observed for the number 
of cats transferred/state residents and the number of 
transfers as a percentage of cat intakes. Accounting 
for population growth across the entire 16-year pe-
riod, cat transfers doubled over the 16-year period, 
with a 157.5% increase observed for the period from 
2000 through 2007 specifically. Cat transfers as a 
percentage of cat intakes increased by 172.1% from 
2000 to 2015, with an increase of 108.4% observed 
for the period 2000 through 2007. None of the slopes 
of the trend lines for these 3 scales were significant 
for the period from 2008 through 2015. By the end of 
the period from 2008 through 2015, the transfer rate 
for cats was approximately 4,400/y, 1.0/1,000 state 
residents/y, or 7.0% of cat intakes.

The maximum proportion of possible intake er-
rors under the assumption that all reported transfers 
were among the 76 shelter and rescue facilities in-
cluded in the study (and not other excluded facilities) 
was estimated as 10.0% for dogs (in 2014) and 8.9% 
for cats (in 2012). Mean overall maximum error rates 
for the 16-year period were 6.4% for dogs and 6.3% 
for cats.

Death or other outcome
Trend lines for the annual number of dogs that 

died or had another unaccounted-for outcome had 
no significant slope for the two 8-year study periods, 
but they indicated a 189.9% increase in this variable 
over the entire 16-year period. A similar pattern was 
observed for the other 2 scales. By the end of the 
period from 2008 through 2015, the rate of dogs re-

ported as dead or having some other unaccounted-for 
outcome was approximately 2,500/y, 0.6/1,000 state 
residents/y, or 3.0% of dog intakes.

In contrast to the data for dogs, substantial over-
all increases were observed for cats on all 3 scales 
involving this outcome for the period from 2008 
through 2015. The annual number of cats reported 
as dead or having another outcome increased by 
446.3% from 2000 to 2015, whereas values for these 
data accounting for human population growth and as 
a percentage of cat intakes increased by 375.0% and 
690.0%, respectively. By the end of the period from 
2008 through 2015, the rate of cats reported as dead 
or having some other unaccounted-for outcome was 
approximately 5,000/y, 1.2/1,000 state residents/y, or 
10.8% of cat intakes.

LRRs
Trend lines indicated that the LRR for dogs as a 

function of intakes increased by 12.1% from 2000 to 
2015, with no significant change from 2000 to 2007 and 
an increase of 13.5% from 2008 to 2015. The LRR for 
dogs as a function of outcomes increased by 14.4% from 
2000 to 2015, with no change identified from 2000 to 
2007 and an increase of 9.0% identified 2008 to 2015. 
By the end of the period from 2008 through 2015, the 
LRRs for dogs as a function of intakes and outcomes had 
increased to 87.7% and 88.4%, respectively.

For cats, trend lines for LRR as a function of in-
takes increased by 32.2% from 2000 to 2015, with 
no change identified from 2000 to 2007 and a 50.1% 
increase identified from 2008 to 2015. The LRR as a 
function of outcomes increased by 33.1%, with no 
change identified from 2000 to 2007 and a 41.2% in-
crease identified from 2008 to 2015. By the end of the 
period from 2008 through 2015, the LRRs for cats as 
a function of intakes and outcomes had increased to 
76.1% and 77.7%, respectively.

Discussion
Although some animal shelter and rescue facili-

ties included in the previously reported trend analy-
sis8 were excluded from the present study, the pres-
ent study included 16 years of intake and outcome 
data from 76 facilities with consistently reported 
data across 5 scales, representing the most compre-
hensive analysis of statewide animal shelter data to 
date. The 5 scales that were used provided a detailed 
description of statewide shelter and rescue intake 
and outcome dynamics for dogs and cats. Total num-
bers of dogs and cats reflected the magnitude of the 
data used in the study, use of numbers/1,000 state 
residents allowed adjustment for human population 
growth and a decreasing percentage of the total in-
takes, outcomes as a percentage of intakes more di-
rectly reflected facility performance as a function of 
the animals they took in, and the 2 LRR scales repre-
sented a measure commonly used by animal shelters 
to assess their performance and as an indicator of 
possible long-term animal warehousing. Our findings 
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built upon previously reported findings for the same 
state from 2000 through 2007,8 wherein dog intake 
and euthanasia rates generally decreased or remained 
unchanged and those for cats increased. The trend 
lines for the period from 2008 through 2015 indicat-
ed significant improvements since the previous pe-
riod in outcomes, particularly in euthanasia rates, for 
dogs and cats as assessed across all scales used.

Although not observed on the human popula-
tion–adjusted scale, the total number of dogs taken in 
by shelters and rescue facilities decreased between 
2008 and 2015. Several factors likely contributed 
to this trend, including a wide variety of legislative 
and subsidized programs aimed at increasing spay 
and neuter rates. In 2008, the PACFA legislation was 
amended to include a statutory requirement by which 
the State of Colorado mandates that all sexually intact 
animals adopted or transferred from PACFA-licensed 
facilities be spayed or neutered within 90 days fol-
lowing adoption. Various subsidized spay-neuter pro-
grams operate throughout Colorado, including clin-
ics run by the shelter and rescue facilities themselves. 
State-sponsored programming has been funded since 
2001 through an optional donation on the Colorado 
tax form to the Pet Overpopulation Fund, and fees 
from a dedicated “Adopt a shelter pet” vehicle li-
cense plate subsidize spay-neuter programs through 
grants.13 These facility-specific and statewide pro-
grams may have supported the improvements in dog 
intake data identified in the present study, most likely 
by decreasing the total number of dogs in the popula-
tion. Analysis of intake trends for owner surrenders 
and strays or adult versus juvenile animals, among 
other intake categories, would be useful for explor-
ing this possibility further.

It is important to note that in contrast to the 
12.4% decrease from 2000 to 2015 in the annual num-
ber of dogs taken in by the 76 facilities in the present 
study, the total number of dogs taken in by all PACFA-
licensed shelters and rescues increased by 16% dur-
ing the same period (data not shown). Although the 
overall growth in shelter capacity to house animals 
in the state increased during this period, a major con-
tributing factor to this discrepancy was the increase 
in dogs transferred into Colorado from out of state. By 
2015, 30% of total dog intake in Colorado consisted of 
dogs from other states. In part, this increase indicates 
that the state’s animal shelter and rescue facilities are 
more than meeting the needs of the animals in their 
local communities and are, therefore, expanding ca-
pacity into other states.

The euthanasia rates from 2000 through 2015 and 
2008 through 2015 for dogs at the shelter and rescue 
facilities in the present study decreased on all 3 evalu-
ated scales. Although the decrease in the annual num-
ber of dogs taken in likely influenced the euthanasia 
rates, the concurrent increases in adoption rates on a 
human population–adjusted scale and a percentage-
of-intakes scale were also factors. This supposition 
was supported by the observation that euthanasia 
and adoption rates as a percentage of intakes were 

inversely correlated across the 16-year study period, 
which was not unexpected in that dogs leaving the 
facilities by adoption free up a facility’s capacity to 
house those dogs that might otherwise have been 
candidates for euthanasia or vice versa. The observed 
trends in dog adoption rates may have been partly 
driven by the establishment of shelter- and commu-
nity partner–based programs to address the behav-
ioral and medical needs of animals that shelter and 
rescue facilities were previously unable to put up for 
adoption.11,14 In addition, increases in online market-
ing and social media campaigns may have increased 
public awareness of animals available for adoption 
and improved public attitudes toward the benefits of 
adopting pets from shelter and rescue facilities. The 
RTO rates for dogs remained static across the entire 
study period and, therefore, were not likely to have 
been a major factor in the overall improvements in 
euthanasia rates. Whether that lack of change reflect-
ed a lack of effectiveness of microchip identification 
programs remains unknown.

Another factor that appeared to have improved 
outcomes for dogs in shelter and rescue facilities in 
Colorado was the increase in transfers among facili-
ties over the 16-year period evaluated. As indicated 
previously, these interagency transfers represent an 
optimization of overall shelter capacity and programs 
on both an intrastate and interstate level. Shelter and 
rescue facilities with intake numbers that exceed ca-
pacity can find open space for excess dogs at partner 
facilities instead of having to euthanize animals to 
stay at or below maximum capacity. This networking 
between agencies is often regulated by formal agree-
ments and has been facilitated by associations such as 
the Metro Denver Animal Welfare Alliance (formerly 
Metro Denver Shelter Alliance) and the Colorado Fed-
eration of Animal Welfare Agencies.15,16 An additional 
way that interagency transfers can positively impact 
shelter outcomes is by moving dogs to facilities in 
more populous areas of the state or to specialized res-
cue facilities with access to specialized resources that 
can increase those animals’ likelihood of adoption. 
The success of transfer networks, combined with 
decreases in shelter and rescue intake numbers, has 
driven the expansion of this model to surrounding 
states.

In contrast to the increases in numbers and hu-
man population–adjusted numbers of cats taken in 
from 2000 to 2007, these numbers decreased from 
2008 to 2015, as shown in the present study. The lack 
of change observed in cat intake data over the entire 
16-year period was attributable to these conflicting 
trends. The lower intake rates since 2008 likely re-
flected the deployment of substantially greater re-
sources for spay-neuter and education programs fo-
cused on cats.

The decreasing trends in cat intake rates and the 
allocation of more resources to programs focused on 
improving their outcomes also likely influenced the 
observed improvements in the euthanasia and adop-
tion trends across all scales assessed. Particularly, 
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cat euthanasia rates declined steeply between 2008 
and 2015. Similar to the data for dogs, euthanasia and 
adoptions as percentages of cat intakes were inverse-
ly correlated over the 16-year period. However, the 
greater steepness of the negative slope for euthana-
sia, compared with the steepness of the positive slope 
for adoptions, from 2008 to 2015 was possibly influ-
enced by less pressure on shelter or rescue capacity 
from decreases in intake rates. Like dogs, the increas-
es in adoption rates observed for cats during the pe-
riod from 2008 through 2015 might have reflected an 
increase in the effectiveness of adoption programs, 
including expansion of medical care provided to cats, 
optimization of facility capacity through interagency 
transfer programs, and effective marketing and social 
media campaigns.11,17–20 The increases in the numbers 
of cat adoptions and in adoptions as a percentage of 
intakes were not reflected in the respective human 
population–adjusted values, suggesting that the pool 
of potential adopters was not yet at saturation and 
that room remains for Colorado shelters and rescues 
to improve cat adoption rates.

The RTO rates for cats remained at approximately 
4% of intakes across the entire study period. As for 
dogs, the effect, if any, of microchip identification pro-
grams on this outcome remains unknown. Interagen-
cy transfers increased during the period from 2000 
through 2007 but later stabilized at approximately 7%. 
This may have indicated that most of shelter and res-
cue facilities included in the present study were still 
running near maximum holding capacity despite the 
decrease in intakes. The recent increase in the num-
ber of cats that died or had other unaccounted-for out-
comes was likely attributable to classification of cats 
in TNR and SNR programs as in the “other” outcome 
category by the current PACFA reporting process. No 
reports exist of large disease outbreaks that might 
have dramatically increased the number cats classified 
as having died in recent years.11

During the period from 2000 to 2007, the out-
come categories of died or “other” individually ac-
counted for such a low percentage of outcomes (≤ 2% 
of intakes) that for the purposes of analysis, these cat-
egories were combined. In the authors’ experience, 
existing data collection processes for TNR and SNR 
programs are inconsistent across shelters, with some 
shelters reporting cats involved in TNR or SNR pro-
grams as strays in intake counts and then as “other” 
or RTO in outcome counts, whereas other shelters 
exclude such cats from intake counts and simply ac-
count for them when reporting on individual TNR or 
SNR programs. Tracking of TNR, SNR, and other in-
novative programs within the PACFA data reporting 
processes could be considered to better understand 
the prevalence of these programs and potential im-
pacts on free-roaming cat populations in the com-
munity, including collection of data on LRRs when 
shelters offer these services for cats.18–20 Overall, out-
comes for cats, as indicated by the increase in adop-
tion rates and decrease in euthanasia rates, improved 
dramatically from 2008 to 2015, compared with dur-

ing the previous 8-year period, in large part likely be-
cause of a refocusing of shelter resources on various 
cat welfare concerns.

The LRRs for both dogs and cats increased over 
the 16-year study period, with much of that improve-
ment noted from 2008 to 2015. We believe that the 
similar results found for the 2 LRR metrics as func-
tions of intakes and outcomes indicate the absence of 
long-term warehousing of dogs and cats in the con-
sistently reporting shelter and rescue facilities. It is 
important to note that the LRR in Colorado has been 
achieved through various shelter and rescue models, 
indicating that considerations such as data-driven re-
source allocation and interagency collaboration can 
substantially improve outcomes overall. Colorado 
would likely surpass the 90% LRR threshold if it were 
not actively transporting animals in from other states. 
However, at a certain point, the LRR may no longer 
be the most appropriate metric for shelter and rescue 
operations. The LRR has been the widely accepted 
metric for assessing the effectiveness of shelter and 
rescue operations but is limited in its ability to cap-
ture increasingly relevant considerations such as the 
cost of individual animal care, the capacity of the 
surrounding community to adopt additional animals, 
or the availability of pet-supportive services and pet-
friendly policies in the surrounding community. As 
animal shelter and rescue facilities more effectively 
meet the needs of their communities’ companion 
animal populations, the percentage of dogs and cats 
too medically or behaviorally unsound for immediate 
adoption is likely to increase. At some point, the LRR 
becomes a function of the resources a given commu-
nity is able and willing to devote to saving animals 
with higher associated costs. Additional research is 
needed to understand how an increase in the LRR of 
shelter and rescue facilities influences animal welfare 
and public health outcomes, such as the incidence 
of animal bites, cruelty and neglect citations, or the 
prevalence of physical or mental health improve-
ments in people who adopt or foster shelter or rescue 
animals.21,22

We believe the overall success that Colorado has 
achieved in supporting live outcomes for animals 
taken in by shelter and rescue facilities, as identified 
in the present study, is likely attributable to several 
factors. First, the accessibility and prevalence of spay-
neuter programs might be starting to maintain the 
populations of dogs and cats at numbers that would 
allow all to find homes as pets following temporary 
housing in shelter and rescue facilities. Meanwhile, 
the increase in the overall number of shelters and res-
cue facilities has increased the total capacity across 
the state for both dogs and cats. These facilities are 
increasingly working collaboratively to optimize ca-
pacity. Adoptions as a percentage of intakes are in-
creasing for both species, even further reducing pres-
sure on facility capacity, and adoption and euthanasia 
rates are inversely correlated, as the present study 
showed. This dynamic is driven in part by decreas-
ing intake. Although not a new concept, the effects 
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of increasing the adoption rate on the euthanasia rate 
of a shelter or rescue facility are perhaps even more 
direct than previously believed.

We believe that the 16 years of shelter and res-
cue facility data in the study reported here provide 
insight into the long-term animal sheltering dynam-
ics in a state with a rapidly growing human popula-
tion and afford an opportunity to assess the effects of 
data-driven decision-making on resource allocation 
for shelter- and rescue-related concerns. Although 
shelter and rescue facility staff indicated that re-
sources were being directed to cats before analysis of 
the 2000–2007 data was performed in the previous 
study,8 the findings of that first study spurred more 
rapid, concerted, and sustained deployment of those 
resources in Colorado. Such efforts included increas-
es in the subsidies offered for spay-neuter programs, 
improvements in kenneling approaches to reduce 
stress-related diseases in cats, increases in basic med-
ical care provided to animals, marketing and social 
media campaigns to increase adoption rates, and an 
overall increase in capacity of the facilities included 
in the present study as well as the more recently 
founded facilities that were not included. Findings 
for the period from 2008 through 2015, particularly 
those for cats, suggested the effectiveness of focusing 
resources on a species to improve shelter and rescue 
outcomes guided by system-wide data collection to 
assess progress. This bodes well for efforts aimed at 
collecting intake and outcome data across larger sys-
tems, including at the national level.1
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