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ABSTRACT 1 

Due to climate change and habitat conversion, estimates of the resulting levels of species 2 

extinction over the next century are alarming. Devising conservation solutions will require many 3 

different approaches, including examining the extinction processes of recently extinct species. 4 

Given that parrots are one of the most threatened groups of birds, information regarding parrot 5 

extinction is pressing. While most recent parrot extinctions have been island endemics, the 6 

Carolina parakeet (Conuropsis carolinensis) had an 18th-century range covering nearly half of 7 

the present-day United States, but yet mostly disappeared by the end of the 19th century. Despite 8 

a great deal of speculation, the major cause of their extinction remains unknown. Establishing the 9 

date a species went extinct is one of the first steps in determining what caused their extinction. 10 

While there have been estimates of their extinction date, these analyses used a limited dataset 11 

and did not include observational data. We used a recently published, extensive dataset of 12 

Carolina parakeet specimens and observations combined with a Bayesian extinction estimating 13 

model to determine the most likely extinction dates. By considering each of the two subspecies 14 

independently, we found that they went extinct ~30 years apart: the western subspecies (C. c. 15 

ludovicianus) going extinct around 1914 and the eastern subspecies (C. c. carolinensis) going 16 

extinct either in the late 1930s or mid-1940s. Had we only considered all observations together, 17 

this pattern would have been obscured, possibly missing a major clue in solving the mystery of 18 

the parakeet's extinction. Since the Carolina parakeet was a wide-ranging species that went 19 

extinct during a period of rapid agricultural and industrial expansion, conditions that mirror those 20 

occurring in many parts of the world where parrot diversity is highest, any progress we make in 21 

unraveling the mystery of their disappearance may be vital to modern conservation efforts. 22 

INTRODUCTION 23 
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We are entering the early stages of the "Sixth Mass Extinction" (Ceballos et al. 2015), where 24 

estimates of the proportion of species to go extinct over the next century are dire (e.g., Urban 25 

2015, Carlson et al. 2017) and species may not be able to adapt quickly enough to respond to 26 

climate change (Keogan et al. 2018, Radchuk et al. 2019). This amount of loss may destabilize 27 

already compromised ecosystems, while conservation agencies are finding it difficult to plan for 28 

the challenges and uncertainties ahead (Armsworth et al. 2015). While our best guesses about 29 

how and when species will go extinct in the future are largely based on model predictions, much 30 

can be gained by studying the spatial, temporal, and mechanistic processes that led to recent 31 

extinctions (e.g., Stanton 2014, Bond et al. 2019). Investigating the past may not only allow us to 32 

recover some of the natural history lost with the extinction of these species but may also yield 33 

important insights that can inform conservation actions now and in the future. 34 

Parrots are one of the most threatened orders of birds, with ~ 43% of all species listed as 35 

near-threatened or worse by the IUCN (Marsden & Royle 2015), and they face many different 36 

pressures, including habitat loss and trapping (Snyder et al. 2000). Parrots are often considered 37 

"keystone mutualists," providing many important ecosystem functions (Blanco et al. 2016). The 38 

loss of parrots would affect plant species, especially, likely contributing to ecosystem instability. 39 

While many parrot species have gone extinct over the past few centuries, most were endemic to 40 

islands (Olah et al. 2016). There is, however, one notable exception – the Carolina parakeet 41 

(Conuropsis carolinensis), which had a geographic range an order of magnitude larger than the 42 

average for all other recently extinct parrot species (Olah et al. 2016). Even though Carolina 43 

parakeets were charismatic and were of considerable interest to ornithologists during the 1800s 44 

and have received considerable attention by scientists over the last 50-60 years, we know little 45 

about how and when they went extinct. 46 
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The Carolina parakeet is one of the four forest-dependent bird species to go extinct within 47 

the continental United States since the arrival of Europeans (Pimm & Askins 1995). Before its 48 

decline, the Carolina parakeet was widely distributed, stretching from the mid-Atlantic coast to 49 

Nebraska and south to Florida (Burgio et al. 2017). The Carolina parakeet has two subspecies (C. 50 

c. ludovicianus and C. c. carolinensis). Accounts of the species show a gradual population 51 

decline starting with European colonization (Snyder and Russell 2002). By the early 1800s, 52 

Audubon (1831) noted a marked decline in their population numbers and range, although he still 53 

considered them relatively common. During their decline, the species' range receded from east to 54 

west toward the Mississippi River (except in Florida), and from north to south, along the Ohio 55 

River, seemingly in concert with the expansion of European settlements, destruction of 56 

bottomland forests, and the rise of intensive agriculture (Askins 2000). 57 

It is unclear exactly why the Carolina parakeet went extinct. People shot Carolina 58 

parakeets for sport, food, feathers, scientific collections, and to protect crops, in addition to 59 

trapping them for the pet trade (Snyder and Russell 2002). Despite lurid accounts by Audubon 60 

about the mass shooting by a farmer (Audubon 1831) and a room full of 200 imported Carolina 61 

parakeets in the United Kingdom for the pet trade (Gedney 1877), researchers have dismissed 62 

overexploitation as the primary contributor to their extinction (McKinley 1980, Snyder 2004). 63 

Others have suggested other potential causes, such as competition for food with other avian 64 

species, habitat loss, competition with introduced European honey bees (Apis mellifera) for 65 

nesting/roosting sites, and disease (McKinley 1980, Brunswig et al. 1983, Pimm and Askins 66 

1995, Snyder & Russell 2002). 67 

Additionally, it is also unclear when the Carolina parakeet went extinct. At the turn of the 68 

twentieth century, the Carolina parakeet could be found only in Florida, South Carolina, and a 69 
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few isolated regions west of the Mississippi River (Hasbrouck 1891, Snyder 2004). The last 70 

captive Carolina parakeet died in a zoo about 100 years ago in 1918. The final "accepted" 71 

sighting of the parakeet occurred in Florida in 1920 (Snyder 2004). Still, there were Carolina 72 

parakeet reports into the 1930s and 1940s in Florida and the Carolinas (Snyder 2004), which 73 

were likely legitimate (Wright 2005).  74 

While extinction is itself a single event, the processes that lead up to it, and how those 75 

vary spatially, can be important for understanding the mechanisms involved. This is especially 76 

true for continental species with large ranges. With two subspecies separated geographically, 77 

determining the variation in extinction date of Carolina parakeets may suggest that different 78 

stressors or processes influenced species’ demise in different areas. Determining exactly when 79 

the parakeet went extinct, and how that differed between subspecies, may be the first step in 80 

determining how they became extinct, a question that may provide valuable information for 81 

parrot conservation. Here, we use a recently published, extensive dataset of Carolina parakeet 82 

occurrence (Burgio et al. 2018), paired with recent advances in extinction date estimation (Solow 83 

and Beet 2014, Kodikara et al. 2018), to determine when these iconic parakeets went extinct. 84 

METHODS 85 

Data collection 86 

We collected and georeferenced locality data from Carolina parakeet specimens found in natural 87 

history collections around the world and observations of the parakeets published in the literature 88 

from 1564 to 1944 (see Burgio et al. [2018] for the description of the data collection methods 89 

and a link to the freely available dataset). We then split our dataset by subspecies. We considered 90 

all occurrence points west of the Appalachian crest and west of Alabama to be C. c. ludovicianus 91 
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and sites east of the Appalachian divide and east of the state of Mississippi to be C. c. 92 

carolinensis. These broad geographic delineations are generally accepted as the two subspecies' 93 

range limits (Ridgway 1916, Swenk 1934). They are also consistent with the subspecies 94 

identifications listed on all 261 labeled museum specimens represented in the dataset for which 95 

subspecies was recorded or inferred. 96 

We determined the level of certainty of each observation based on expert opinion from 97 

the literature, from Snyder (2004) and 18 articles by McKinley (1960, 1964, 1965,1976, 1977a, 98 

1977b, 1978a, 1978b, 1978c, 1978d, 1979a, 1979b, 1979c, 1979d, 1981, 1985, McKinley & 99 

James 1984, McKinley & Hardy 1985). We truncated our analysis at 1800, as observations 100 

before 1800 were sporadic due, primarily, to a lack of consistent occurrence records and also 101 

because this was the point at which Audubon (1831) noted decreasing numbers of Carolina 102 

parakeets. We used the entire dataset and designated physical evidence, such as a specimen, as 103 

"1", while observations considered legitimate by expert opinion, but not interrogable in the 104 

present as "2", and controversial as "3." When individual years had multiple records, we always 105 

used the evidence with the highest certainty (Figure 1a, 1b). While the last "official" sighting of 106 

the Carolina Parakeet was in 1920 (Synder 2004), contemporary experts consider the sightings in 107 

the Santee swamp area in South Carolina in the 1930s to be legitimate (Snyder 2004, Wright 108 

2005); therefore, we treated all reported sightings after 1920 as unconfirmed, aside from those 109 

sightings in South Carolina. 110 

Analyses 111 

We estimated the date of extinction for all Carolina parakeets generally and both subspecies 112 

specifically. Given that our dataset combined physical evidence (i.e., specimens) and 113 
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observations with varying degrees of reliability, we used the Bayesian extinction estimating 114 

equations proposed by Solow et al. (2012) and modified by Solow and Beet (2014). We ran the 115 

analyses in the R package "spatExtinct" (Carlson et al. 2018a). This modeling approach weighs 116 

various types of evidence-based on their reliability (Solow et al. 2012) and considers the validity 117 

of certain and uncertain sightings independently (Boakes et al. 2015, Kodikara et al. 2018), 118 

which is especially useful in inferring extinction dates (τE) of recently extinct species with both 119 

specimen and observation data (Carlson et al. 2018b, Bond et al. 2019). The general equation is 120 

as follows (from Solow and Beet 2014, Equation 1): 121 

𝑝𝑝(𝐸𝐸|𝑡𝑡) =  
𝑝𝑝(𝑡𝑡|𝐸𝐸)𝑝𝑝(𝐸𝐸)

𝑝𝑝(𝑡𝑡|𝐸𝐸)𝑝𝑝(𝐸𝐸) +  𝑝𝑝(𝑡𝑡|𝐸𝐸�)�1 −  𝑝𝑝(𝐸𝐸)�
 122 

where 𝐸𝐸 is the event the species went extinct; 𝐸𝐸� is when it did not; and 𝑡𝑡 is the complete sighting 123 

record (𝑡𝑡 =  𝑡𝑡1 <  𝑡𝑡2 < ⋯ <  𝑡𝑡𝑛𝑛). Of the two models presented in Solow and Beet (2014), we 124 

used "Model 2" because some of the "uncertain" observations are from reportedly dubious 125 

sources (e.g., egg hunters with a vested interest in selling more expensive Carolina parakeet 126 

eggs) and "Model 2" is appropriate when uncertain sightings are more likely invalid (Kodikara et 127 

al. 2018). “Model 2” modifies the above equation as follows (from Solow and Beet 2014, 128 

Equation 9): 129 

𝑝𝑝(𝑡𝑡|𝜏𝜏𝐸𝐸) =  𝑝𝑝(𝑡𝑡𝑐𝑐|𝜏𝜏𝐸𝐸) 𝑝𝑝(𝑡𝑡𝑢𝑢|𝜏𝜏𝐸𝐸) 130 

where 𝑡𝑡𝑐𝑐 and 𝑡𝑡𝑢𝑢 are the sets of certain and uncertain sighting times, respectively. We ran these 131 

analyses independently for each subspecies (C. c. carolinensis: n = 76; C. c. ludovicianus: n = 132 

80) and both subspecies together (n = 116). 133 

RESULTS 134 



8 
 

We estimated that the eastern subspecies, C. c. carolinensis, likely went extinct somewhere in 135 

the late 1930s or the mid-1940s, with the two most likely values for τE in 1938 and 1944 (Fig. 136 

1c) while the western subspecies, C. c. ludovicianus, went extinct 25-30 years earlier; the most 137 

likely value for τE was 1913 (Fig. 1c). When considering both subspecies together, the extinction 138 

estimate doesn't differ much from the estimate for C. c. carolinensis since the highest probability 139 

of τE was 1939 (Fig. 1c); however, failing to consider each subspecies individually obscures 140 

important distinctions between the two, which may help to determine causation in the future. 141 

DISCUSSION 142 

The two subspecies of the Carolina parakeet appeared to go extinct ~30 years apart, far later than 143 

currently believed, beyond the currently accepted date of 1920. The most recent analysis that 144 

estimated they went extinct around 1915 (Elphick et al. 2010). However, Elphick et al. (2010) 145 

used a less complete dataset and did not take into account uncertain sightings. While dismissed at 146 

the time (Snyder 2004), our results lend credibility to the sightings in South Carolina in the late 147 

1930s. It is even possible that the observation from North Carolina in 1944 reported to Roger 148 

Tory Peterson (Snyder 2004) may have been accurate, as well as the mystery population of 149 

Carolina parakeets in Florida reported by ornithologist Oscar Baynard to persist well into the late 150 

1930s, but for which he refused to disclose the location (Snyder 2004). That the western 151 

subspecies went extinct first despite occupying a more extensive range (Burgio et al. 2017) is 152 

curious and suggests a lower initial population or different or more severe pressures.  153 

Learning the most likely extinction dates of the two subspecies of the Carolina parakeet is 154 

the first of many steps needed to solve the mystery that has eluded researchers for over 50 years. 155 

That the two subspecies went extinct 30 years apart is an important clue that has implications for 156 

how we interpret the loss of this species and consider the factors that pushed a species that 157 
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appeared stable in 1800 to be found only in small populations in remote areas less than 100 years 158 

later.  159 

Beyond anecdotes about widespread shooting, like Audubon's account (1831) and 160 

Gedney's (1877) observation of hundreds of imported individuals for the pet trade, there is no 161 

direct evidence to suggest over-exploitation as the main driver of the Carolina parakeet's decline; 162 

in fact, McKinley (1980) points out that populations may have already declined substantially 163 

before trapping and shooting began in earnest. If true, that may make over-exploitation more of a 164 

"nail in the coffin" rather than the reason they were "in the coffin" in the first place. However, if 165 

overexploitation was the leading driver of the Carolina parakeets' extinction, the 30-year 166 

difference in extinction dates may be consistent with trapping practices, as trappers often deplete 167 

an area before moving on to the next. Additionally, it is important to note that around the same 168 

time, another wide-ranging, continental parrot species, the glaucous macaw (Anodorhynchus 169 

glaucus), went extinct, likely due to the loss of palm groves and pet-trade demands from Europe 170 

in the 19th century (Yamashita and Valle 1993, Juniper and Parr 1998).  171 

Instead of overexploitation, both McKinley (1980) and Snyder (2004) suggested disease 172 

as the most likely factor leading to the Carolina parakeets' extinction, despite there being only 173 

anecdotal evidence of parrots exhibiting any symptoms associated with illness, and most of these 174 

observations are of captive birds, making post-hoc diagnoses difficult at best. Since the Carolina 175 

parakeet's range did not overlap with other parrot species, they may have been especially 176 

susceptible to any new diseases brought in with domesticated poultry or parrots imported to the 177 

United States as pets. Snyder and Russell (2002) suggested that Carolina parakeets' affinity for 178 

foraging on farms may have brought them into close contact with domesticated poultry, which 179 

may have contributed to disease transmission. It may be possible that psittacosis (or any disease 180 
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for that matter) was introduced to Carolina parakeets after European colonization and spread 181 

throughout their populations over time. While a recent genomic study of one individual Carolina 182 

parakeet (collected at an unknown date or location) found no evidence of disease (Gelebert et al. 183 

2020), this analysis of one individual specimen is far from conclusive in disproving disease as 184 

the primary driving force of the parakeets' extinction. 185 

If disease was the leading cause of extinction, differences in behavior and migratory 186 

patterns between the two subspecies might explain why there was a 30-year gap between 187 

extinction estimates for each. For instance, the western subspecies likely shifted their range 188 

seasonally (Burgio et al. 2017) and frequently congregated in huge flocks at local salt licks 189 

(Snyder 2004), while the eastern subspecies did not. These movements and congregations may 190 

have led to higher transmission rates, much as seasonal aggregation and affinity for bird feeders 191 

help spread conjunctivitis (Mycoplasma gallisepticum) among house finches (Carpodacus 192 

mexicanus; Hosseini et al. 2004, Altizer et al. 2004). Subsequently, this increased transmission 193 

level may explain the earlier extinction of C.c. ludovicianus, despite the fact that their range was 194 

more extensive than the eastern subspecies, C.c. carolinensis. 195 

Of the remaining potential causes, limitations in both landscape change data and 196 

occurrence data may make it difficult to rule out habitat loss as a significant factor (but see Pimm 197 

and Askins 1995). In addition to the work done by Gelabert et al. (2020), advances in genetic 198 

analyses, as found with passenger pigeons (Ectopistes migratorius; Hung et al. 2015), or 199 

examining the better-preserved specimens in natural history museums for signs of disease (e.g., 200 

Rothschild & Panza 2005) may help shed light on what ultimately drove the Carolina parakeet to 201 

extinction. The Carolina parakeet was a wide-ranging species and faced challenges of the rapid 202 
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agricultural expansion and industrialization of the United States during the 20th century, a 203 

process being repeated today in many areas where parrots are found.  204 

By examining extinction at the subspecies or population level, we can better understand 205 

the mechanisms that result in species’ disappearance. The 30-year gap between the extinction of 206 

C.c. ludovicianus and C.c. carolinensis highlight that these taxa may have been under different 207 

pressures of varying intensities or may have differed in their responses. For continental species, 208 

understanding the spatial patterns of extinction can be just as informative as the temporal 209 

patterns. 210 
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 343 

Figure 1. a. The sighting record for C. c. carolinensis. b. The sighting record for C. c. 344 

ludovicianus. For panels a and b, the top row represents specimen records (purple), the middle 345 

row represents confirmed observations (blue), and the bottom row represents unconfirmed or 346 

controversial records (green). For each year, we used data with the highest certainty. c. The 347 

estimates of likely extinction dates for C. c. ludovicianus (green), C. c. carolinensis (orange), and 348 

for all records (yellow). 349 
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