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Abstract

Research was initiated in 1986 with the goal of managing the
Assateague wild horses using fertility control. Initial experiments with
steroid hormones designed to reduce sperm counts in stallions and to
prevent ovulation in mares did not show promise. Immunocontraception
of 26 mares in 1988 with two or three inoculations of a porcine zonae
pellucidae (PZP) vaccine was 100% effective. The glycoprotein-based PZP
vaccine produces antibodies that block fertilization of the ovum. The
effects of the vaccine did not interfere with pregnancies in progress, could
easily be delivered remotely, and did not interfere with social organiza-
tion. A single annual booster inoculation was adequate to continue
contraception. After 120 mare-years of PZP contraception, only four foals
have been born. Reversal of contraceptive action was documented in
mares after 1, 2, 3, and 4 years of consecutive treatment.

Methods were developed for the detection of pregnancy in uncaptured
horses using urinary and fecal estrogen metabolites (E1C), progesterone
metabolites (iPdG), and fecal total estrogens. These same methods were
applied to treated and control mares during the reproductive seasons of
1990-94 in order to assess the effects of 7 consecutive years of PZP
contraception upon ovarian function. Urinary E1C concentrations were
used to assess follicular development, and urinary iPdG concentrations
were used to detect ovulation. Seven consecutive years of contraception
resulted in failure to ovulate and in depressed estrogen concentrations;
no other health side effects were noted.

Key words: Contraception, estrogen metabolites, fecal hormones,
porcine zona pellucida (PZP), progesterone metabolites, urinary hor-
mones
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Preface

The management of wildlife within the boundries of National Park
Service (NPS) units varies with the classification of the unit and the
particular species of wildlife involved. The enabling legislation of As-
sateague Island National Seashore provides for “hands-on” management
of some species, such as the annual hunts for white-tailed deer (Odo-
coileus virginianus) up until 1986 and currently for the non-native sika
deer (Cervus nippon). It also established another non-native species, the
wild horse, as a “desireable exotic species.” While the classification of wild
horses in North America as “exotic” is specious on scientific grounds, the
NPS recognized the cultural and historic value of this species on As-
sateague. The horse, however, presents unique problems from a
management viewpoint. The horse cannot be hunted, and the potential
for damage to the island’s fragile ecology was recognized. The only other
known control method for this species is removal and sale of animals, a
practice that has met with public opposition on humane grounds. Addi-
tionally, the wild horses of Assateague are highly valued by the public,
and management options were further restricted following public scru-
tiny. Fertility control as a management option for the horses of
Assateague seemed a feasible alternative.

This study of a new and unique management option for Assateague’s
wild horses resulted from a desire on the part of the NPS to find methods
of population control acceptable for this popular herd of animals that
elicited minimal objection from the public. In 1985, when the NPS first
considered the idea, there were limited data to suggest that fertility
control would be successful. Nevertheless, the NPS was willing to embark
upon research that held the potential for controversy and failure, as well
as a unique solution not yet successful with wild ungulate populations.

The planned two-year project turned into ten years of research that
ultimately brought together a myriad of scientists, representing the fields
of reproductive physiology, endocrinology, immunology, behavior, vac-
cine development, and population biology. Although the research team
had had 13 previous years of research in this field with other government
agencies, the Assateague wild horse contraceptive study became a model
for cooperation between the public, the NPS and the research team. The
outcome was a practical, relatively inexpensive, and publicly-acceptable
humane management tool.

Even more exciting was the development of a variety of non-capture,
hands-off methods for studying reproduction in free-roaming wildlife,
necessitated by the act of carrying out research with large popular
animals within an NPS unit. These methods which were first applied to



viii KIRKPATRICK

the horses of Assateague, based on the analysis of urinary and fecal
steroid hormones, have since become important tools for the study of
reproduction in free-roaming wildlife around the world. If the Assateague
experience has one overriding theme, it is that high-risk research can be
carried out in our national parks, if the potential benefits outweigh the
risks, and the scientists, the NPS and the public are all willing to place
the welfare of the resource ahead of personal or political considerations.
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Background

Horses (Equus caballus) first inhabited Assateague Island, a barrier
island off the coasts of Maryland and Virginia, about 1669 when English
settlers on the mainland turned animals loose for grazing in an attempt
to avoid the king’s tax on fencing (Bearss 1968). An unsubstantiated
addition of horses to the herd allegedly occurred in 1820, when the
Spanish ship San Lorenzo ran aground on shoals off the island’s coast.
The ship was carrying 95 small horses of undetermined breed and popular
legend has it that an undetermined number of these horses survived the
accident and swam ashore, adding to the genetic diversity of the
Assateague horses. The factual nature of this event is only speculative
and National Park Service (NPS) historians discount the addition of
horses from this source. During the 1970s, about 40 wild horses from the
western United States were added to one of two herds inhabiting the
island, in a misguided attempt to improve the genetic makeup of these
horses. Only two stallions and a few mares survived the harsh conditions
of the island after just a few years but there is some phenotypic evidence
of this blood-line today in the Chincoteague National Wildlife Refuge
(CNWR) herd and the south of the Assateague Island National Seashore.
There is also some evidence for the introduction of Shetland ponies into
the Assateague Island population in the early part of this century and
some believe that is the origin of the piebald or pinto coloration of many
of the horses (Keiper 1985).

Today, Assateague Island is made up of three distinct political units
(see Fig. 1). That portion of the island in Virginia, which approximates
the southern one-third of the island, is largely Chincoteague National
Wildlife Refuge (CNWR) which is under the management jurisdiction of
the U. S. Fish and Wildlife Service. The northern two-thirds of the island,
in Maryland, constitute Assateague Island National Seashore (ASIS)
which is under the management jurisdiction of the NPS. An approximate
two-mile length in the middle of the Maryland portion of the island is
Assateague State Park which is under the jurisdiction of the State of
Maryland.

For most of the island’s recorded history, the horses of Assateague
were privately owned. The earliest capture and penning of the Assateague
horses may have occurred in the late 1700’s, for purposes of branding
animals. In 1920, the round-up and selective removal of Assateague
horses was formalized by citizens of Chincoteague, a small island com-
munity in Virginia, near the southern end of Assateague Island. With the
creation of ASIS in 1965, those horses owned by those property holders
north of the Maryland state line were permitted to remain within ASIS
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ATLANTIC OCEAN

Figure 1: Map of Assateague Island. Management units include (A) Assateague Island
National Seashore; (B) Assateague State Park; and (C) Chincoteague National Wildlife
Refuge.

and management responsibility was given over to the NPS. The horses
are considered a non-native species on the island, but the horses are
considered by the public to be a cultural and historic part of Assateague;
consequently, the NPS has accepted the animals’ presence, labelling
them a desireable feral species. The titles to the horses living on the
Virginia portion of the island belong to the town of Chincoteague and the
animals are permitted to graze on fenced portions of the CNWR by
permit. A fence at the Maryland-Virginia border separates the two herds
but some mixing of the Maryland and Virginia populations still occurs on
a regular basis. Despite the fence, the genetic background, forage, cli-
mate, and general living conditions for the two herds are similar. The
Virginia herd of approximately 150 animals, hereafter known as the
Chincoteague horses, is managed by means of an annual public auction
of foals. The herd is gathered in late July and forced to swim across the
small bay separating Assateague Island from Chincoteague Island, where
the foals are sold. The horses inhabiting the Maryland portion of the
island will hereafter be referred to as ASIS or Assateague horses. These
horses are managed as wild and free-roaming and designated as a desire-
able exotic species.

When ASIS was established in 1965, there were nine stallions and
twelve mares on the Maryland portion of the island. By 1975 and 1984
the herd had increased to 60 and 107 animals, respectively, and in
December 1994 there were 167 animals. The horses of the ASIS herd live
in either harem or bachelor bands. The harem bands contain anywhere
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from two to twenty horses, usually including a single sexually mature
stallion, mature (>3 years old) mares, and juveniles (<3 years old) (Keiper
1976). These bands are not territorial but have distinctive home ranges
which often overlap with other bands and which change seasonally as a
function of insect densities. Bachelor bands are made up of stallions,
perhaps two to five in number, who have not acquired their own mares.
The stability of bachelor bands is less than that of harem bands, and the
bachelor stallions are thought to form these loose social groups for little
more than companionship with others of their kind.

The growth of the ASIS herd has led to two major management
concerns. The first and most important was the impact on the island’s
ecology. In 1976, studies were initiated to quantify the impact of the
horses upon island vegetation. Total plant utilization ranged from 0.75%
to 30.5% of annual biomass production within various home ranges of
horse bands. Using this data along with some broad and untenable
assumptions, such as the absence of competition from other herbivores,
which include white-tailed deer, sika deer, rabbits, and mice and the
equal distribution of horses across the entire island, the carrying capacity
was determined to be 2,440 horses. To account for questionable assump-
tions, 10% of the carrying capacity, or 244 animals was used as a guideline
(Keiper and Zervanos 1979). This figure was further adjusted to account
for various management problems and resulted in a recommended popu-
lation size of 120-150 horses. This study was based on the utilization of
three primary forage plants for the horses. These plants included salt-
marsh cordgrass (Spartina alterniflora), American beachgrass
(Ammophila breviligulata), and three-square sedge (Scirpus americana).
In 1985, with the population at 107 horses, the first management plan
for the horses indicated that, with the exception of a single band on the
northern-most portion of the island, there was little evidence of measure-
able adverse effects on the island’s vegetation (Rodgers, 1985). Another
study (Stribling, 1989, 1990) suggested that grazing reduced primary
productivity of all three grasses and interfered with nutrient storage and
transfer. Furbish (1990, 1994) suggested that preferential grazing on
saltmarsh cordgrass might be altering the species composition of the low
saltmarsh community and reducing the three keystone species of the
marshes, saltmarsh cordgrass, saltmarsh hay (Spartina patens), and
spikegrass (Distichlis spicata).

The second management problem that emerged with the increasing
numbers of horses was human-horse interactions. The popularity of the
ASIS horses with the visitors was instrumental in drawing horses and
people together, and as the herd size increased so did contact between
humans and horses. In 1975, there were only three stallions with home
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ranges that overlapped with state or ASIS campgrounds, but by 1983, 40
horses lived near the campgrounds. The number of horses inhabiting land
adjacent to the campgrounds cannot be accounted for by random distri-
bution. The largest single cause for this concentration is believed to be
the state park’s practice of spraying for insects during the summer
months. Horses have learned to migrate from as far away as 10-12 miles
in order to escape the island’s rather large insect load. The human-horse
interactions have led to injuries to humans and injuries and death to the
horses from car-horse collisions. Despite clear and well-displayed warn-
ings forbidding the touching and feeding of the horses, the public more
or less continues to violate park regulations and exacerbate the problem.
Thus, while human-horse interactions constitute a management prob-
lem, they are more of a visitor problem than a horse problem.

Until 1986, management of the horses on ASIS was limited to the
translocation of “problem” animals to the Chincoteague herd. In the
absence of other management options, the translocation of horses to
Chincoteague appeared reasonable. However, the management of the
Chincoteague horses has come under intense public scrutiny and criti-
cism. First, the wildlife refuge already has all the horses it can
accomodate. Additionally, the public auction of horses on Chincoteague
is perceived by segments of the public sector, and particularly by animal
protection organizations as unacceptable on humane grounds. The Chin-
coteague horses are no longer free-roaming and live in fenced pastures.
Each July the mares and foals of the year are gathered, forced to swim
Chincoteague Bay, and the foals are sold in a public auction. A significant
number of foals are taken from the mares too early; one animal protection
group provides starter kits (nursing bottles and formula) for the young
animals. There is no follow-up on the fate of the sold foals. The docu-
mented abuses of western wild horses sold through the Bureau of Land
Management’s (BLM) Adopt-A-Horse program lend credibility to con-
cern over the care of the Chincoteague horses once they become private
property.

The management of the Chincoteague horses is also unsound on
biological grounds. First, compensatory reproduction is triggered by the
removal of foals and this action has almost doubled the foal production
(Keiper and Houpt, 1984; Kirkpatrick and Turner, 1991a). Thus, the
translocation of publicly-owned animals into a privately-owned herd,
whose management can be questioned on both humane and biological
grounds, would imply approval of Chincoteague’s management practices
by the National Park Service. Finally, early translocations of horses from
ASIS to CNWR were carried out with little concern about the genetic
composition of the herd and some genetic lines have been removed from
the ASIS herd over the years.
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The Decision to Test Fertility Control

The decision to test fertility control as a means of controlling the ASIS
horse population was based on a lack of publicly-acceptable management
options. Fertility control as a means of manipulating wildlife populations
was largely an untested concept prior to the 1980s. There was a 20-year
history of limited experiments with various contraceptive agents and
wildlife (Kirkpatrick and Turner, 1985, 1991b) but there were few data
which suggested practical application to actual wildlife populations.
Between 1977 and 1982, a limited set of experiments was conducted with
steroid fertility control and western wild horses. The initial experiments
focused on inhibiting sperm production in stallions by means of testos-
terone injections. Repeated injections of testosterone propionate (TP) in
domestic pony stallions led to significant decreases in sperm counts and
motility (Kirkpatrick 1982). In a field test in Challis, ID, in 1979, the
stallions of ten bands, each of 5-17 horses, were first immobilized with
approximately 300 mg succinylcholine chloride from a helicopter and
then injected with 2.5 to 10 gm of a long-acting form of testosterone
propionate (mTP). The hormone was microencapsulated in a biodegrad-
able, non-toxic lactide coating. Upon intramuscular injection, this coating
eroded and released the testosterone over a 4-6 month period but did not
affect libido. Stallions of another ten bands were immobilized and in-
Jjected with only carrier and empty microcapsules.

Due to the removal of some bands by the Bureau of Land Manage-
ment (BLM), mortality, and inaccessibility of some sections of the range,
accurate data were obtained from only seven of the 10 original treated
bands and from eight of the control bands. Foal counts for control bands
averaged 0.37 foals/mare, whereas for treated bands the average was 0.07
foals/mare. Seven of eight control bands had at least one foal, whereas
only two of the seven treated bands had one or more foals. These data
translated into an 83% reduction in foals among mares bred by treated
stallions as compared to mares bred by untreated stallions (Kirkpatrick
etal., 1982; Turner and Kirkpatrick, 1982). These data were derived from
the only known contraceptive test with wild horses and led to the decision
to try fertility control with the ASIS horses.
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Objectives

The primary goal of the Assateague wild horse contraceptive project
was to find a method for inhibiting reproduction that could be used to
limit population growth of the herd on ASIS. The original objectives of
this study included the following:

1.

Identify a reversible contraceptive agent that would be effective,
could be delivered remotely, and would not cause health problems
for the treated animals.

Test the field delivery of a steroid hormone contraceptive agent
which would lower sperm counts in stallions to the point where
infertility would result.

Test a steroid hormone contraceptive agent, and its delivery in
the field, which would prevent ovulation in mares.

As the project evolved, the additional following objectives emerged:

Determine if a vaccine-based contraceptive agent could be used to
effectively, but reversibly, reduce fertility among mares.
Determine if the short-term use of this contraceptive vaccine
would have any effects upon the health of pregnant mares or the
social behaviors of the wild horse herds.

Determine if long-term use of the contraceptive vaccine would
lead to irreversible infertility or serious health side-effects.
Determine if the use of the contraceptive vaccine could elicit a
population reduction effect.

In order to achieve the contraceptive goals of this study, several
ancillary objectives were developed mid-way through the project. These
ancillary objectives involved non-capture methods of diagnosing preg-
nancy and studying ovarian function among wild horses. These objectives
included:

8.

9.

Diagnose pregnancy through the use of urinary and/or fecal
hormone metabolites, and

Detect ovulation and normal ovarian function by means of urinary
hormone metabolites.

During the course of the project we tested the following hypotheses:



SCIENTIFIC MONOGRAPH SERIES 25 9

. Ho': A slow-release form of testosterone propionate can be deliv-
ered to stallions under field condition and in sufficient quantities
to induce temporary infertility.

. Ho® A slow-release form of a synthetic progesterone (NET) can
be delivered to mares under field conditions and in sufficient
quantltles to induce temporary infertility.

. Ho® Two inoculations of a protein-based contraceptive vaccine
can be delivered to previously untreated mares under field condi-
tions over a four week period and in sufficient quantities to induce
temporary (one year) infertility.

. Ho*: A single annual booster inoculation of a protein-based con-
traceptlve vaccine will sustain infertility for an additional year.

. Ho® A slow release form of the contraceptive vaccine can be
delivered in a single dose to previously untreated mares which
would cause effective temporary (one year) contraception.

. Ho®: Urine and fecal samples can be used to diagnose pregnancy
in treated and untreated mares by the measurement of certain
estrogen -related hormones or their metabolites.

Ho: The measurement of urinary hormones can be used to assess
the long-term effects of contraceptive vaccines on ovarian function
in treated mares.

Ho®: A population reduction effect can be demonstrated among a
subpopulation of the Assateague horses after application of the
contraceptive vaccine.
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Steroid Contraceptive Experiments

Stallion Contraceptive Experiments

At the start of the steroid contraceptive trials, in 1986, there were 14
identifiable harem bands on ASIS and four of these, M, OS, OR, and K,
were included in stallion contraceptive studies. These four bands lived
on the northern half of ASIS, from approximately Jim’s Gut to the Ocean
City Inlet. During initial discussions with ASIS personnel, it was decided
that the Challis stallion contraceptive experiments should be repeated on
ASIS but that delivery would be from the ground and without immobi-
lization. The NPS also requested a protocol that could be applied to mares
as well as stallions, an approach that had not yet been tested with captive
animals. Two important considerations in mounting a contraceptive
project with the ASIS horses were the constraints imposed on conducting
research of this nature on a national seashore, and the perception of this
research by the public, which places a great aesthetic and recreational
value on the wild horses of the island. It would not be wise, or perhaps
even possible, to immobilize animals in sufficiently large numbers to
conduct the research because of the risk of injury or mortality to these
popular animals. It would also be almost impossible to conduct this
research out of the view of the public; thus, for the welfare of the animals
as well as public perception, methods would have to be as humane as
possible. Finally, there existed the possibility that the public might
perceive the ASIS research effort as an attempt to eliminate the horses
from the national seashore rather than just control the population.

Between 4 February and 12 March 1986, four band stallions (M, OS,
OR, and K) on ASIS were treated with a d,l-lactide microencapsulated
form of testosterone propionate (mTP). The four stallions collectively had
14 mares of proven fertility in their bands. Each stallion was to receive
3.47 g of mTP. The mTP was designed to release over six months and to
cause oligospermia and decreased sperm motility. The dose of 3.47 g was
selected because of the remote delivery and limitations on volume (1 g of
lactide microcapsules = 0.579 g testosterone propionate), and the proven
effectiveness of this dose in the Challis field studies (Kirkpatrick et al.
1982; Turner and Kirkpatrick, 1982).

In order to deliver 3.47 g of mTP, a total of 6 g of the microspheres
had to be administered. The mTP was delivered in 6.0 cc PaxArms darts
at ranges between 25-35 m. Four separate darts were required, each with
1.5 g of microcapsules suspended in methyl cellulose carrier. During June
1986, at the peak of the breeding season, the stallions were observed and
the mares accompanying the treated stallions were recorded. Identity of
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stallions and mares was based on unique color patterns of pinto animals,
unique facial and leg markings of bays and sorrels, and scars and hoof
pigmentation of unmarked animals. These characteristics were recorded
on left and right side and full face drawings for each horse. During August
1987, the mares were located and observed for the presence of foals.

Three technical problems with the actual administration of the drug
were encountered. First, administration occurred during several very
cold days (-2 to -4° C) and the viscosity of the carrier, carboxymethyl
cellulose, increased and sometimes interfered with fast injection. This
necessitated keeping the carrier as warm as possible prior to delivery. A
second problem involved the suspended microcapsules. Because the mi-
crocapsules are not dissolved, but merely suspended, they had a tendency
to settle out and clump in the dart if not delivered within 10 minutes of
initial mixing. Thus, when stallions wandered off before darting could
occur, the dart would have to be removed from the gun and the micro-
capsules resuspended. Often, some of the more wary stallions presented
only occasional opportunities to dart them, and the need to resuspend
microcapsules often prevented timely treatment of the stallions. Thirdly,
use of barbless darts required considerable skill with the gun. Almost all
tranquilizer guns and darts are designed for delivering immobilizing
drugs. Consequently, a dart can be fired with substantial velocity and
little trajectory, and because of the barb it will remain in the animal after
impact and can be removed after the animal is recovered. The delivery of
non-immobilizing drugs necessitates barbless darts, which will ulti-
mately fall out. Thus, velocity must be decreased significantly and
trajectories increased in order to “lob” darts into animals and have them
remain until injection is complete. Similar problems were encountered
by other investigators, even with barbed darts (Seal et al. 1985).

In addition to these technical problems it proved to be very difficult
to administer the requisite four darts to certain of the stallions. One
stallion, K, who was acclimated to people, presented a relatively easy
target provided that several days passed between dartings. Another
stallion, OR, was moderately wary and caused some difficulty. Two other
stallions, M and OS, were extremely wary and required many days to
complete the four injections. Darts which bounced out before the comple-
tion of injection caused some loss of drug, and most doses fell short of the
desired 3.47 g of active drug. Estimated actual delivered doses ranged
from 1.1 to 3.4 g (Table 1).

In 1987, the 14 mares of proven fertility associated with the four
treated stallions produced four foals, for a fertility rate of 28.9% (Table
2). The 28.9% foaling rate was significantly smaller (p <0.05) than the
54.4% foaling rate for an untreated control population of 15 mares for
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the 1987 foaling season, and for the foaling rate for the treated mares for
the previous five years, which ranged from 42% to 52%. One of the four
foals born to mares with treated stallions was born about 15 March, which
meant that it was conceived only about 14 days after the completion of
treatment to stallion K. Thus, this early breeding occurred before the
phramacological effects of mTP could take place.

TABLE |. Estimated microcapsule weight and active drug
delivered to stallions and aares in 1986.

Horse Mi::;t:s::l:g\;rt. Active drug delivered (g)
Stallions (mTP)
M 4.5 2:3
oS 2.0 1.1
OR 6.0 34
K 5.0 2.9
Mares (mNET) 7
TS5 4.0 1.3
N9E 4.0 1.3
T5B 3.0 1.0
Mé 3.0 1.0
N6E 2.0 0.7
Té6 3.0 1.0

Active drug = microcapsule weight x 0.579 for mTP and x 0.326 for NET

TABLE 2. Fertility among mares associated with mTP-treated stallions,
mNET-treated mares, and control mares in 1987.

Treatment group Mares Foals (%)
mTP-treated stallions 14 4(28.9)
mNET-treated mares 6 o 6 (|00)-—-»---—-~»— ”
Control mares I5 - 8 (54.4)

The behavior of treated stallions was tested for changes through the
use of a behavior exclusively associated with the reproductive season of
the ASIS horses, known as elimination marking behavior, or EMB
(Turner et al. 1981). Socio-sexual scent marking behavior exhibited by
males was used as an index of harem maintenance behavior. This was
the only reproductively-associated behavior which occurred with high
enough frequency to be useful and which was observable and quantifi-
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able. Stallions mark mare eliminations (urinations and defecations) with
their own urine and/or feces. This elimination marking behavior is not
demonstrated by mares or immature animals, and stallions rarely mark
eliminations by immature animals. This EMB is a seasonal phenomenon,
occurring primarily during the reproductive season. Each EMB response
by a stallion can be quanitified with a score that can reach a maximum
of 5.0. Using this technique, there were no quantifiable differences in
reproductive behaviors between mTP-treated and untreated stallions
following treatment (Table 3).

TABLE 3. Elimination marking behavior (EMB) scores
among mTP-treated and control stallions
Stallion | Observations | EMBScore+sD |
mTP-treated -
K 3| 266+ 1:2
(0N 3 3.42 £ 0.53
M 4 2.80 + 0.53
OR 3 3.20 = 1.22
Control - -
J 5 383174
N2E 3 2.66 +2.30
Pal. Pinto 2 3.16 = 0.40
Sorrel #1 2 3.00 = 0.00
NI10D 4 3.10 = 0.08
Né6BF 3 3.70 = 1.10
Sorrel #2 5 2.98 + 2.11

This decrease in fertility on Assateague Island was substantially less
than the 83% reduction reported by Kirkpatrick et al. (1982) for treated
wild horses in Idaho. There were several probable reasons for this
difference. Firstly, the Idaho stallions were first immobilized and then
given the mTP by hand-injection, in doses of 3 - 10 g of active drug. There
was no loss of drug during the administration. The ASIS horses were all
given doses at the lowest end of the effective dose range and this may
have decreased the effectiveness of treatment. A second, and more seri-
ous, problem involved the social behavior of the horses. The entire
experimental design was based on two premises. The previous and
extensive work by Dr. Ron Keiper of The Pennsylvania State University
(Keiper 1985) indicated that band stability was high and that very little
mare exchange occurred. A second premise was that there would be little






