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Abstract

This thesis proposes an investigation into the ecology of an invasive species, the monk parakeet (Myiopsitta monachus), in southern Fairfield County, Connecticut.  We have seen the numbers of these birds increase handily since their introduction to the area circa 1976.  The goal of this thesis is to create an ecological profile of certain aspects of this invasive species.  There is a plethora of research on parrots in their native ranges however there is little work done on the birds in their introduced environment(s).  The proposed works will introduce new information and insight into the parakeet’s niche on a community and ecosystem level.  This study will dispel the misconceptions the public has about this vocal species and shed light on how well it fits the niche within its introduced environment.  It is also my hope that should management issues arise from the continued increase in numbers of this invasive species, the information herein may serve as a reference to yield positive management initiatives.  
INTRODUCTION
The initial appearance of Myiopsitta monachus, the monk parakeet, in Fairfield County, Connecticut and its surrounding areas is riddled with skepticism and uncertainty.  However, during the period of 1968-1970, there were 34,602 monk parakeets legally imported into the United States (Neidermeyer 1975, Long 1981, and Lever 1987).  Moreover, approximately 29,623 Monk Parakeets were imported over the following two years, 1971 and 1972 (Lever, 1987).  The first documented occurrence of these birds flying in the wild was in 1967 in the New York Metropolitan area.  By 1970, eight nests had been reported in this area.  

The presence of these, now “wild” birds was the likely result of a variable of introductions attributed to: (1) accidental escapes at a point during the shipment to an intermediary (exotic pet dealer) or from the pet owners and/or (2) deliberate releases by pet owners (Neidermeyer, 1975).  Neidermeyer surveyed the latter of these and the most common reason claimed for deliberate release was the birds were far too noisy to make a satisfactory house pet.

The monk parakeet resides in the Order Psittaciformes which is composed of approximately three hundred 328 species in 77 genera.  The order is composed of predominantly lowland tropical and subtropical forest, woodland, and occasionally mountain forest and open grassland species (Perrins 1998).   Its native range is an isolated, large subpopulation in central Bolivia, and a larger more expansive range extending from southwestern Brazil.  This range extends southward encompassing all of Paraguay and Uruguay to its southernmost terminus including the greater northeastern portion of and ending in central Argentina.  The species inhabits savannahs and low elevation woodlands (from sea level to as high as 1,600 m) (Spreyer 1998).  

The monk parakeet is a unique member of family Psittacidae (Order Psittaciformes) in that it is the only species to build stick nests.  These nests can be inhabited by one to several breeding pairs and consist of multiple chambers to house these individual pairs.  Monk parakeets are not migratory birds and utilize these nests year round consistently maintaining and repair them throughout (Spreyer 1998).  As these behaviors are well documented in the bird’s native range but little is known on the subject(s) in this, its introduced range.  This study will in part, begin to investigate these issues.  The divergence from these naturally occurring behaviors in the introduced range will be of particular focus in explaining the results here.  
  The home range from which these birds originate is central Bolivia and southern Brazil south to Uruguay and central Argentina.  In these home ranges, they inhabit open savannahs and woodlands as high as 1600 m above sea level.  Across these native ranges monk parakeets exhibit geographical variation and increasing population sizes. There is currently four recognized subspecies, one of which has been argued to be a distinct allospecies (M. m. luschi; Juniper and Parr, 1998).  

The geographic variation is apparent in wing length, bill size, body mass, and plumage coloration between the four subspecies (Forshaw, 1989).  M. m. monachus chiefly inhabits se Braxil (s. Rio Grande do Sul), Uruguay, and ne Argentina.  It is distinguished from calita and cotorra by longer wing length (146-161 mm), and mass of 120 g.  This subspecies composes a majority of the escaped birds living in North America and is the subspecies that make up the populations for this study (Forshaw, 1989).  M. m. calita is found in West Argentina.  It is smaller than monachus, 136-144 mm wing length and mass of 100g.  Etymology of “calita” is a misspelling of the Spanish name for this bird, “catita”.  M. m. cotorra is found in s. Bolivia, Paraguay, and s. Brazil, south to n. Argentina.  Brighter green on the upper parts  and abdominal yellow coloring than calita (Forshaw, 1989).  Lastly, M. m. luchsi   is more of a geographically isolated subspecies.  It is a resident of arid valleys of s. Cochabamba and adjacent Chuquisaca, Bolivia.  Its size is similar to monachus but exhibits a uniformly grey breast (not graded as in other subspecies), pale grey, almost whitish, forehead and forecrown, and a deeper yellow band across its upper abdomen (Forshaw, 1989).

Beyond the South American populations, naturalized breeding populations of the monk parakeet have established themselves in such far reaching regions as Puerto Rico, Kenya, Japan, Western Europe and throughout the United States including a rapidly growing population in Connecticut.  In addition, approximately 64,225 Monk parakeets were imported between 1968-1972 (Lever, 1987). In general, the established natural populations in the United States are a collection of disjunct colonies, most common in southern and coastal regions, with an estimated 6,000 to 200,000 individuals in residence nationally (Campbell 2000; Van Bael and Pruett-Jones 1996).  Parakeets are mainly absent from the temperate portions of the northern hemisphere with the exception of the monk parakeet, M. monachus and the Carolina parakeet, Conuropsis carolinensis.  The latter of was declared extinct in 1918 due to human persecution largely because it was considered good eating and a pest to fruit orchards (Sibley 2001).  The 2002 Christmas Bird Count estimated monk parakeet numbers in Connecticut as seen in the chart from Butler 2003, below.  
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Figure 2.  Monk parakeets observed on CBC in Connecticut from 1972 – 2002.  (Butler 2005).

In the native ranges, monk parakeets are seen as an agricultural pest.  It is known to feed upon peaches (Prunus persica) and pears (Pyrus communis) in particular, as well as corn, sunflower, and sorghum (Spreyer and Bucher 1998).  In Florida, monk parakeets cause a thirty times increase in damage to longan (Euphoria longana) crops over damage assessed in their absence (Tillman 2000).   Eight states have made the ownership and the sale of monk parakeets illegal.  Additionally, ten states have put restrictions on their import, ownership, and sale (Kathleen Carr, http://www.monkparakeet.com).  
It is the intention of this thesis to create a baseline of information on this species in this, its introduced environment.  The development of a suite of ecological interactions and effects will complement similar work done by Bucher et al (1990) and Eberhard (1998) on the monk parakeet in their native habitats.  More specifically, I propose to breakdown the interspecies interactions by nature of interaction, interacting species, and time of occurrence.  Secondly, the development of a time-activity budget over a 24 hour period as well as a seasonal analysis.  Lastly, an analysis of parakeet nest building with respect to building metrics and insight to any environmental harm.  As the population grows in the face of urban expansion, it is the author’s hope that this, and any future work on the species, will better prepare municipalities and federal agencies for any management issues that may arise.  Additionally, the dearth of ecological knowledge of these birds will aid in the public’s perception and understanding of the niche occupied by this species.

METHODS
Study Site.  The study site is located within a region that receives approximately 44.15 inches of rainfall a year chiefly during the spring and mid fall months.  The mean annual average high and low temperatures are 60.2 and 41.7 degrees with summer (July) and winter (January) mean temperatures 74 and 30 degrees, respectively (U.S. Dept. of Commerce/NOAA, http://www.cdo.ncdc.noaa.gov).  

My studies will be conducted on a plot of approximately 75 sq. acres in Coastal Fairfield, Connecticut.  The area is a residential beach community with its southeastern terminus composed of .10 to .20 acre plots, its southwestern terminus composed of 2 to 5 acre plots, and all northern plots composed of .25 to .67 acre of land.  Present is a small 9-hole municipal golf course that composed approximately 20 acres (or roughly 27 % of the total study area).  Adjacent to the golf course is an expansive marshland that begins on the central eastern portion of the study area and extends along the eastern terminus to the northeast corner of the study area (Conservation Commission of Fairfield, CT, www.fairfieldct.org/openspace.htm).  

The area (a Northern Coastal Plain), with its very dry, sandy soils supports a northern pine-oak forest vegetation base but is widely variable as marshes are found throughout the study area.  Representative members of this group are the genera Pinus and Quercus which compose a majority of the trees in the non-marshland vegetation (Kricher and Morrison 1988, Little et al. 2003).  Robinia pseudoacacia, Celtis occidentalis, and the genus Acer are also very apparent in the area surrounding the nests.  The chief hazards currently affecting this population are 1. the high winds off the coast that break limbs that support the nests’ and serve as their foundations and 2. the constant addition and renovation of homes/private land in the area.
Observations.  The research plan involves performing observations for 3-6 hours every 4-5 days (minimum) throughout the course of the study.  All observations will be performed with 8 x 42 binoculars or when necessary, a 20 - 60x spotting scope.  The following is a breakdown of the foci and details on how data will be generated:

I.  Interspecies Interactions.  A relative dearth of information is available regarding the interspecies interactions between monk parakeets and both native and local species (Bucher 1990).  The goal of this aspect is to develop an ecological snapshot, on a seasonal basis, of which species’ niches overlap with the monk parakeet and to what extent.  The combination of binoculars and for foraging and for specific behavioral observations, the spotting scope will be employed to observe interspecies interactions as necessary. 

I will follow a random selection of the time of day to make observations, weather permitting, and possible random selections are morning (5:00 to 10:00 local time), late morning (10:00 to 12:00), early afternoon (13:00 to 15:00), and late afternoon/twilight (15:00 to 20:00).  A rotating observation schedule will be utilized.  If no monk parakeets are present at a site and if there is no audible indication of any arriving for fifteen minutes, the next site in the rotation will be searched in the same manner for activity.  When monk parakeets are identified at the next site in the rotation, an inconspicuous observation station will be created no nearer than 20 yards, or the nearest distance that will not alter the birds’ natural behavior, from the activity.  Any interspecies interaction behavior is to be noted in a field log but will not be deemed legitimate unless it is repeated again during the course of the study.  Any unrepeated behaviors will be noted but not used for statistical analyses.  There is no minimum time required to consider a repeated behavior as valid as some behaviors are reactive and instantaneous while others will be interactive (ie; foraging).  The interspecies interactions (or niche overlaps) are to be classified first by the nature of the interaction, henceforth denoted as resource based, territory based, or predatory based. They are defined in the following manner: resource related defines an interaction where food source and/or nest building material are the loci of the interaction.  Those that are territory based will involve the encroachment on or in the immediate vicinity of the individual nest itself.  I plan to extend the use of territory based interactions to include immediate area around a particular bird, otherwise “personal space” when behavior occurs at a roost or perch.  Predatory based will be the interaction class that is based on the presence of a predator, or a perceived predator that elicits a prey response.  This last classification will also counted if neighboring flocks of M. monachus elicit alarm responses in the distance that may prompt a behavior alteration in the focal group.  
A secondary classification will be applied to each interspecies interaction observed beyond the three primary classifications, or natures, of interactions.  These will be: positive, negative, or neutral.  A positive interaction bears a beneficial effect on both species involved.  A negative interaction negatively affect one species while being beneficial or neutral to the other.  Lastly, neutral interactions will have no impact for either species and would be best defined as sharing common space within the ecosystem.   
Additionally, there will be three supplementary observation stations at backyard bird feeders and roost/perch sites in the surrounding area utilized by the parakeets (observed on pre-study site assessment).  This will make up a subset of this aspect of the study.  Preliminary research identified the contents as a combination of millet and mixed commercial bird feed.  Location one contains a pendulous and a platform bird feeder located 150 yards and 60 degrees east by northeast from the main nest site and 1.67 yards off a tertiary road in front of a private home.  The second observation site was at the nest site itself which consisted of three roost trees and the nests themselves.  Thirdly, there is a second series of feeders that were due east from the main nest site and 460 yards away 15 yards over the bank of a channel and another that is 400 yards away and 8’ off of a tertiary road.
As a subset of the interspecies interactions, I plan to define the monk parakeet predator response mechanism in detail. I plan on defining the response with respect to all raptors that alter the behavior of the parakeets.  Are there recognition cues that the parakeets use to format the intensity of a alarm response?  At what distance does the identification of the predator occur and what is the time it takes to mount an alarm response afterwards?  These questions will be answered by observations during peak predator interactions with binoculars and an ocular with a distance scale on it.  Levels of response intensity will be delineated and broken down by predator species and any alterations in the mechanism.
II.  Time-Activity Budget.  This aspect is a key element when little is known about a species in a specific, and non-native, environment.  The goal of this aspect is to define the bird’s behavioral patterns throughout the course of a day as well as variances in the time of day they occur throughout the course of a year.

To gather data for this aspect, binoculars, a field log, and a stopwatch will be utilized.  The behaviors that will form the following classifications:  perching (which may also contain sunbathing, roosting, resting, or waiting in one point location), grooming (either self or allopreening), locomotion (any form of travel), nest maintenance/building (the addition of building material in either the erection of a new nest or the upkeep of a pre-existing nest), vocalizing (any form of call emitted with the exception of the flight call, inclusive of social vocalizations), scanning (an alert behavior that entails visual panning of the surroundings), and foraging (any feeding behavior).  The nest maintenance/building category will be further broken down into interior and exterior maintenance/building.

The procedure that will yield the above classifications will follow both the random site and time of day selection that Section I (Interspecies Interactions) undertook.  A random numbers table will be utilized for the selection of a nest (and its occupants) to observe during a session.  When a nest is selected, if its occupants are not present, a subsequent random selection will occur until a nest’s occupants are present.  Once this process is confirmed, the stopwatch is begun and a scanning behavior observation will be performed.  This is a process whereby each bird’s behavior will be documented every 60 seconds.  Observations will not be deemed valid unless five continuous minutes of observation on a nest’s occupants has occurred.  Each bird’s behavior will be classified with one of the categories above and should a behavior be non-descript (or previously unseen), the behavior will be noted until a repeat observation occurs.  
III.  Nest Building.  This research aspect will revolve around the following areas: Identification of the nest building material utilized to build the nests, the rate at which parakeets add this material to a nest (in initial nest creation and/or maintenance of an already established nest), and a statistical plot analysis which will shed light on the environmental impact of this behavior.  


Through the course of study the sources of building materials will be identified and quantified.  The nest community as a whole will be analyzed on the basis of how much building material it removes from each source tree.  It is hoped that the summation of these numbers can be correlated to the relative condition of the source tree canopy(s) to determine an indication of environmental impact of this behavior.  Concurrently, the number twigs added to each nest actively being built/maintained will be noted with respect to the building/maintaining period.  It is the rate of material addition that will be a goal here.  

There will be a plot analysis made from a 39’ x 148’ rectangular plot of black locust (Robinia pseudoacacia) saplings assessing the exploitation of building materials by the parakeets.  The purpose of this analysis will be to determine if there is a correlation between the diameter of the twigs clipped at the cut-point and the height of the sapling.  In addition, percentages of twigs clipped vs. untouched will be generated that will give a general sense of the exploitation of building material.  This grid will parallel the shoreline with the plot 1-3 terminus being on the western end of the grid.  There will be a grid created that is composed of 36 – 13’ x 13’ plots delineated by stakes and yellow masonry string.  This grid will be 39’ in width by 148’ in length.  The grid plots will be numbered as follows:

	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31
	34

	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32
	35

	3
	6
	9
	12
	15
	18
	21
	24
	27
	30
	33
	36


The grid is located 90 yards from the center of the nest site (or nest community).  A field log, a tape measure, and a set of calipers will be used for the measurements.  The following measurements or counts will be noted: plot number, tree number, tree height at highest point, total terminal ends, number terminal ends removed (clipped by parakeets), and the diameters of all of the terminal ends.
RESULTS
I.  Interspecies Interactions.  The results of these observations are planned to yield numerical and graphic breakdowns representing the natures of interaction between the monk parakeets and other species.  The species the parakeet interacts with will be plotted versus the respective total number of interactions for each.  It is proposed that this first step will indicate where the greatest level of interaction occurs and shed light on what species the parakeets most frequently interact with.  Secondly, it will define what its chief predators are by virtue of what raptors alter the parakeet’s behavior.  Lastly, when we use this data it will aid in future research and management on monk parakeets in Eastern coastal habitats.  Behaviors will be assessed from the basis of J. W. Hardy’s (1965) behavioral study of wild and captive orange-fronted parakeets, Aratinga canicularis, to fully define monk parakeet behaviors in its introduced range.
A similar bar graph will indicate how the three natures of interaction are broken down within a species.  This will go a step further than the previous graph.  It is this graph that will best depict the natures of interaction with respect to the total number of interactions between a particular species and the monk parakeet on a resource, territory, and predatory basis, respectively.  A segmented bar graph will plot species versus percent.  Each species bar will be composed of three colored portions, one for each nature of interaction and will each total 100 percent.  This analysis will give evidence to how different species’ niches overlap with the monk parakeet and what form this overlap takes.  For example, will a red tailed hawk (B. jamaicensis) have a predator-prey relationship with the parakeets or a territorial overlap?  This bar graph will alert us to what extent by the major color present in the bar.
A third bar graph will be assembled that quantifies the time of day that a species has its interactions with the monk parakeet.  Many of the numerical breakdowns will focus on the relative percent of each species resource, territory, and/or predatory related interactions with the monk parakeet.    This graph will eventually feed over into the time-activity budget aspect but it seems applicable to follow the previous two interaction analyses.      
A further look into resource related interactions will be made after the initial breakdown and time activity budget is known.  This will be done through the constant foraging time observations.  The purpose of this subset will be to delineate the feeding hierarchy and possibly elude to any dominance structures that might coexist with niche overlap.  

II.  Time-Activity Budget.  The time-activity budget aspect of this study will allow three things to be clear: 1. what percentage of the time they perform certain behaviors and are there consistencies, 2. how these percentages change seasonally and why, and 3. what hours these behaviors occur during a day and how they adapt to other species.  To answer these questions, first, an overall breakdown of behaviors by percent will be compiled into a simple pie chart.  From which, time-activity budgets will be assembled for each of the distinct seasons.  Further, specific behaviors will be identified as they relate to and define any altered behavior between the seasons.  Any link between this aspect and the interspecies interactions and the nest building aspects will prove valuable in the establishment of an ecological profile of the species.  

The graphic breakdown of the time of day certain behaviors are observed throughout each season will be of particular use in both field work and species management, should it be necessary.  Based on publications by Eberhard (1998), Spreyer and Bucher (1998), Beissinger and Snyder (1992) the multiple chambers would require a large amount of time to erect and maintain.  From these statements it is proposed that this activity will compose a vast majority of the time-activity budget.  

Lastly, hypotheses as to reasons for the changes in behavioral changes over seasons will also be described in this thesis.  
III.  Nest Building.  The purpose of this aspect is to investigate nest building metrics with respect to species of building material used and insight to over-exploitation parakeets may have on a source area.  To accomplish this, a tally of number of twigs from source tree species for each nest observed will be compiled.  From these numbers, an overall preference breakdown and seasonal analysis will be generated in tabular formats.  A twig addition rate will be generated to better define the time-activity aspect of this specific behavior.  As new nests are being created due to fallen nests the process will be followed with respect to how a nest is created.  

A subset of this aspect is a plot analysis that is proposed to yield insight regarding the extent to which a rich material resource is exploited.  Statistics of total versus clipped twigs, clipped twig diameter versus sapling height, and total number of saplings exploited will be addressed statistically.  The intention is to grasp any correlation between the height of sapling (or building material source) and diameter of clipped twig.  
INTENDED BENEFITS OF THIS PROJECT

The proposed creation of a suite of ecological interactions will complement similar work done by Bucher et al (1990) and Eberhard (1998) on the monk parakeet in their native habitats.  In part, my specific intention is to generate a foundation study for municipalities, state agencies and naturalists as a resource for ecological cues for any future regulation and/or research on the species.  The completed thesis will yield an ecological snapshot, on a seasonal basis, of which species’ niches overlap with the monk parakeet and to what extent. A definition of the bird’s behavioral patterns throughout the course of a day as well as variances in the time of day they occur throughout the course of a year.  Lastly, a process analysis of nest building and maintenance will provide metrics that will lend itself to a more directed ecological impact future study.  
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