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Abstract The JTUCN Red List of Threatened Animals is an
important conservation tool, but the accuracy of predictions
about risks of global extinction within 10 years or three
generations is difficult to test objectively. In this study, we
compare IUCN predictions with the results of attempts
to derive realistic scenarios that could lead to the global
extinction of six species of long-lived reptiles. For three
species, the IUCN predictions matched real events reason-
ably well but still overestimated risks of global extinction.
For the other species, the predictions did not match real
events. Reasons why disparities occur are discussed.
Status
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Introduction

The most credible and best known global overview of
the status of endangered species is the IUCN Red List
of Threatened Animals (Groombridge 1982; Baille and
Groombridge 1996). Species are assessed using the best
available information on status and known threats (Baille
and Groombridge 1996), and the results are presented as
a category of threat, which equates to a predicted risk of
global extinction within a given time frame. Species that
have no measurable risk of global extinction, but which may
have other conservation problems, including local extinc-
tions in parts of their range, should theoretically not be
listed as being globally threatened in the [IUCN Red List,
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but this occurs from time to time and creates confusion and
controversy (Mrosovsky 1983, 1997; Lapointe 1997). The
incorrect listing of species could reflect errors in the TUCN
criteria, a failure to distinguish between national and global
status, or the failure of assessors to use the criteria properly
or objectively. Such listings raise the issue of how the accu-
racy of IUCN predictions about extinction should be tested
and monitored, without having to wait until extinction
occurs.

The approach we took to investigating this problem, with
long-lived reptiles, was based on two assumptions: if the
TUCN identified a species as having a significant threat of
global extinction, then the wild population should be de-
clining, or, if it were stable or increasing, scenarios likely
to cause that extinction should be obvious. We assembled
information on the past and present status of six species
whose status and conservation problems were well known
(two sea turtles, one freshwater turtle, and three croco-
dilians), and then tried to determine realistic scenarios
that could result in global extinction within the short term
(10 years) and long term (50-100 years). The results are
compared with the levels of risk implied by the TUCN
determinations.

Methods

The six species selected included two endemics that inhabit
totally freshwater habitats [western swamp tortoise
(Psuedemydura umbrina) and Chinese alligator (Alligator
sinensis)|, two widely distributed species that occupy a
range of freshwater and marine habitats and occasio-
nally move at sea between nations [saltwater crocodile
(Crocodylus porosus) and American crocodile (Crocody-
lus acutus)], and two globally distributed marine species
that regularly move long distances at sea [olive ridley
sea turtle (Lepidochelys olivacea) and hawksbill turtle
(Eretmochelys imbricata)]. All six had been assessed by the
IUCN in accordance with the IUCN criteria (Baille and
Groombridge 1996).
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Information on the biology, distribution, abundance,
and status of each species (see Appendix) was gleaned
from the general literature (Baille and Groombridge
1996; Cogger et al. 1993; Groombridge 1982; TUCN 1995;
Kuchling 1998; Marquez 1990; Marquez et al. 1996; Meylan
1997; Ross 1998) and was modified after checking with a
range of experts. We then assembled a list of potential
threatening factors (loss of habitat, no protected areas, un-
regulated harvesting, no conservation programs, no value
to local people, disease, small population size, restricted
range, incidental catch, declining current status, and re-
covery potential) and systematically checked each species
against each threatening factor, and on occasion combina-
tions of threatening factors, in an attempt to find pathways
to global extinction that could not be readily rejected. We
chose a short-term (10 years) and long-term (50-100 years)
time frame, to highlight needs for urgent conservation
action and to conform with the JTUCN’s criterion of three
generations.

Unpredictable events such as new diseases, serious
genetic or inbreeding problems, or unknown depensation
effects were not considered, because there is no evidence
indicating they have caused extinction in other long-lived
reptiles. Similarly, new and catastrophic threats derived
potentially from complex interactions between a variety of
factors were not considered seriously, because they could
be invoked for any species, not just threatened ones. In
terms of future legislative controls, we accepted that the

demands on all resources would increase in the future
(McNeely et al. 1995; North 1995), but equally accepted that
national and international conservation laws and treaties
would be retained, and be at least as effective as they are
today. We were searching for obvious causal factors, not
remote possibilities.

Results

Our assessments for the Western swamp turtle, Chinese
alligator, and saltwater crocodile (Table 1) were broadly
consistent with the IUCN assessments, but our assessments
for the American crocodile, olive ridley, and hawksbill
were not. However, in all six cases it proved difficult to find
obvious pathways through which global extinction could
reasonably be expected to occur in 10 or 50-100 years for
any species.

Olive ridleys

The TUCN accepted that a 50% decline in the historical
population size over three generations (50-100 years)
(Criteria EN Alabd) indicated this species was facing a very
high risk of extinction in the near future (“Endangered”).

In reality, a 50% decline may have occurred over the
past 50-100 years (three generations) (see Appendix) and

Table 1. Results of attempt to derive realistic scenarios that could reasonably be expected to lead
to global extinction within the next 10 and 50-100 years compared with assessments made by the

IUCN (Baille and Groombridge 1996)

Species Scenarios derived for IUCN assessment
global extinction in:
10 years 50-100 years
Olive None None ENDANGERED:
ridley very high risk
of extinction in the near future
(EN Alabd)
Saltwater None None LOWER RISK (LEAST CONCERN):
crocodile does not meet criteria for being
an endangered species
Western swamp Possible Possible CRITICALLY ENDANGERED:
turtle extremely high risk of
extinction in the immediate
future (CR Alc, B1 + 2¢, C2b, C1, D)
Chinese Possible Possible CRITICALLY ENDANGERED:
alligator extremely high risk of
extinction in the immediate
future (CR Alc, D)
Hawksbill None None CRITICALLY ENDANGERED:
turtle extremely high risk of
extinction in the immediate
future (CR labd, 2bcd)
American None None VULNERABLE: high risk of
crocodile extinction in the medium-term

future (VU lac)

“Possible” indicates that although no single definitive threat or scenario leading to extinction
could be identified, because conservation programs are in place, very low population sizes and
greatly restricted ranges makes it difficult to reject extinction through risk and uncertainty
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Fig. 1. Recovery of olive ridley turtles (Lepidochelys olivacea) on the
Pacific coast of Mexico. The introduction of new management proce-
dures in 1990 reduced turtle harvesting and resulted in population
recoveries of green turtles (Chelonia mydas), hawksbill turtles
(Eretmochelys imbricata), Kemp’s ridley turtles (Lepidochelys kempii),
and olive ridleys on both the Pacific and Caribbean coasts, although
none of these populations are closed (Marquez et al. 1996)

so the correct criteria were probably chosen. However, the
wild population today is increasing, not decreasing, and it
involves millions of individuals (e.g., Marquez et al. 1996).
Olive ridleys are secure, protected, and expanding expo-
nentially in some key countries (Fig. 1), despite incidental
catch and other problems, such as a failure to nest in some
locations in some years (Anonymous 1998). With a global
distribution, and no populations being closed, we could find
no scenario that could reasonably be expected to lead to
global extinction in the short- or long term. Criteria EN A1l
is not a reasonable or accurate index of the risk of global
extinction with this species, given its known current status.

Saltwater crocodiles

Saltwater crocodiles were previously listed by the IUCN
as “Endangered” [survival unlikely if the causal factors
continue operating (Groombridge 1982)] but were later
assessed as “Lower Risk: Least Concern” (Baille and
Groombridge 1996). We could find no short- or long-term
scenarios that could possibly lead to global extinction, and
thus the determination seems accurate. Saltwater crocodiles
have demonstrated a remarkable capacity to recover if
habitats are intact (Fig. 2). Large populations are secure in
vast tracts of habitat in Australia, Papua New Guinea, and
Irian Jaya where they are harvested sustainably for trade
(Ross 1998).

However, their status in many countries within their
broad range (see Appendix) is poor because of habitat loss,
high levels of past commercial exploitation, urbaniza-
tion along rivers, and eradication as pests (Ross 1998). An
80% to 90% decline has probably occurred in most coun-
tries: they are extinct in some. They technically meet
the TUCN criteria for “Critically Endangered” (CR Ala),
which would imply an extremely high risk of global extinc-
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Fig. 2. Recovery of saltwater crocodiles (Crocodylus porosus) in the
Northern Territory of Australia after protection in 1971, as indicated
by the mean density recorded from counts in 70 tidal rivers around the
coastline. Twenty-six years of intense, unregulated harvesting (1945-
1971) reduced wild populations to fewer than 5000 nonhatchlings. The
current population is estimated at 75000 nonhatchlings. Since 1983,
some 172000 eggs have been collected from the wild in annual com-
mercial harvests while the recovery has been taking place (After Webb
1997)

tion in the wild in the immediate future, which is neither
true nor realistic. The IUCN assessment in this case com-
promises process to increase accuracy.

Western swamp turtles

Western swamp turtles were listed as “Critically Endan-
gered” by the IUCN on the basis of a decline of more than
80% in the area of occupancy in three generations (50-100
years) (CR Alc); extent of occurrence less than 100km” or
area of occupancy less than 10km’ (CR B1 + 2c); the wild
population consisting of less than 250 adults, in a single
subpopulation (CR C2b) that is declining (CR C1); and the
likelihood that fewer than 50 adults remain in the wild (CR
D). The available information (see Appendix) suggests that
most of these criteria are met, although the population may
not still be declining, given limited restocking from captive
breeding (Kuchling 1998). This species is afforded a very
high level of protection and conservation action, greatly
reducing the real possibility of global extinction, but this is
not accounted for in the criteria that overestimate risks. We
could find no realistic scenario leading to extinction, but
accepted as reasonable that even small management fail-
ures could inadvertently result in extinction.

Chinese alligators

Chinese alligators were listed as “Critically Endangered” by
the JUCN because of a decline of more than 80% (CR Alc)
in their area of occupancy, extent of occurrence, and quality
of habitat, and the existence of fewer than 50 adults in the
wild (CR D). These two criteria are met (see Appendix).
This species was once widely distributed in China but is now
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represented by 13 remnant populations in one location,
within an area supporting some 1 million people pursuing
intensive agriculture (Webb and Vernon 1992). The num-
ber of animals in the wild may still be declining, but the
species is being afforded local conservation action. Extinc-
tion in the immediate future (critically endangered) is un-
likely because of the production of 1000+ animals per year
through captive breeding and ongoing conservation actions.
The small remnant habitats could be lost, or become pol-
luted, or the adults could decline further because they are
agricultural pests: all these events could realistically lead to
extinction in the wild in the future.

Hawksbill turtles

Hawksbill turtles were listed as “Critically Endangered” by
the IUCN because the wild population was claimed to have
been reduced by more than 80% in the last 100 years (three
generations), as deduced by direct observation (CR 1la),
appropriate indices of abundance (CR 1b), and levels of
exploitation (CR 1d). In addition, a further reduction
greater than 80% was anticipated in the next 100 years on
the basis of indices of abundance (CR 2b), decline in occu-
pancy of habitat quality (CR 2c), and actual or potential
levels of exploitation (CR 2d). We could find no scenario
leading to the global extinction of this species that could not
be easily rejected. Risk of extinction implied by the TUCN
assessment seems greatly exaggerated because of the limita-
tions of some criteria in terms of their link to future extinc-
tion (CR labd), and errors in assigning other criteria to
hawksbills (CR 2bcd).

Hawksbills in many countries may have been depleted
relative to historical times (Meylan 1997), perhaps by more
than 80% (CR 1labd). However, the global population is not
distributed evenly (most range states contain small amounts
of habitat), and so this could be deceptive. Regardless, they
are widely distributed today [100+ nations (ROC 1998)]
and are abundant and secure in major areas of habitat (see
Appendix). For example, in four countries alone (Australia,
Mexico, Cuba, and Puerto Rico), nest numbers indicate a

wild adult population of more than 50000 individuals and
perhaps 10 times that number of immature animals (AACC
1998). In the extensive coral reef habitats of Australia, the
population appears stable and may be at carrying capacity
(Limpus 1992; Limpus and Miller 1998). In countries such
as Cuba (Fig. 3), the wild population is not small; it sus-
tained an annual harvest of some 5000 animals per year
before a voluntary phasedown (1990), which was not caused
by declining abundance (ROC 1998).

The global population of hawksbills does not meet any
of the CR 2bcd criteria. Monitoring results from widely
distributed locations around the world indicate many
subpopulations are stable or increasing, sometimes ex-
ponentially (Fig. 4) (Meylan 1997) (cf. CR 2b), which also
established a significant potential for this species to recover
from depleted states. The species still occupies its complete
historical range (cf. CR 2c), and since 1993 harvesting for
international trade has essentially ceased (cf. CR 2d)
(AACC 1998).

American crocodiles

American crocodiles were listed as “Vulnerable” by the
IUCN because of an assumed decline in the population of at
least 20% over 50-100 years (three generations) as deduced
by direct observation (VU 1a) and an ongoing decline in the
area of occupancy, extent of occurrence, and habitat quality
(VU 1c). The global wild population has probably declined
by more than 80% in the past 50-100 years because it has
been greatly reduced in countries that historically were
probably major strongholds for the species (e.g., Venezuela,
Colombia, Mexico) as well as in small nations with limited
habitat (Ross 1998). It thus probably meets the criteria for
critically endangered (CR 1A), although the risk of global
extinction implied by such a listing would obviously not be
realistic. American crocodiles are abundant and secure in
Cuba, and are receiving serious conservation attention in
the United States and other countries (Ross 1998). Global
extinction is not a realistic possibility in either the short or
long term, although the status of wild populations in some
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Fig. 4. Recovery of hawksbill turtles (Eretmochelys imbricata) in
Mexico, following the introduction of new management procedures
that reduced local harvesting. Marine turtle populations on both the
Pacific and Caribbean coasts recovered in a similar way, and no signifi-
cant cause- and-effect link with the phasedown of Cuba’s harvest has
been demonstrated. Nest counts are from three locations in the
Yucatan Peninsula: Campeche (@), 1977-1996; Yucatan (O), 1979—
1996; Holbox Island (+), 1988-1996 (Data from Meylan 1997)

countries may continue to decline (see Appendix). That
captive breeding for this species is well established (Ross
1998) provides an additional safeguard. The IUCN assess-
ment compromises process by not selecting the CR criteria,
but increases the accuracy of the final prediction, even
though this probably still overestimates real risks.

Discussion

The transition from greatly depleted (>80%) to extinct in
the wild for reptiles is often a large step, especially when it
involves species that are known to be able to exist at low
densities for long periods of time yet retain the ability to
recover when given the opportunity (Figs. 1, 2, 4), or species
that have extensive habitat and are widely distributed. The
reasons for population declines in a global population
are usually obvious, but not so the reasons likely to result
in global extinction. The social, cultural, economic and
biological factors, acting directly and indirectly, in isola-
tion and synergistically, can all be involved, and these are
difficult if not impossible to quantify and model
in advance.

Despite these problems, the IUCN Red List of Threat-
ened Animals attempts to do this. Its efforts are encour-
aging conservation action on the ground (Rabb 1996),
and they are leading to a greater understanding of extinc-
tion risks. The new criteria were formulated (Baille and
Groombridge 1996) to improve accuracy, and for many
species of plants and animals this may well have been
achieved. But in the case of long-lived reptiles, it is not clear
whether the current criteria are a significant advance over
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the more subjective, qualitative approach used previously
(Groombridge 1982). Quantifying and reporting “status”
remains unnecessarily confused (Webb 1986) especially
with widely distributed species and species that have long
generation times (Mrosovsky 1983, 1997; Messel 1998).
Some problems are identified in the following list.

1. The time scales used for both reporting extinction risks
and generating conservation actions are anthropocentric
(e.g., in the immediate future for “Critically Endan-
gered”), yet the time scales used for reaching those
conclusions are biocentric (e.g., predicted changes over
three generations that can reach 100+ years). For the six
species examined here, three generations is far too long
for assessing status reliably or for planning corrective
actions efficiently (see Messel 1998).

2. The concept of being scientifically precautionary, and
not overinterpreting data, clashes with the concept of
being precautionary from a conservation point of view
where exaggerating risks may lead to enhanced conser-
vation action.

3. The criteria do not provide for ongoing conservation
programs with threatened species that are reducing their
risks of extinction. The criteria thus overestimate real
risks and fail to acknowledge the significance of the work
being done (Chinese alligator and western swamp
turtle).

4. The criteria do not provide a clear pathway through
which the existence of “safe” populations, which effec-
tively prevents global extinction, is accounted for (salt-
water crocodiles, olive ridleys, hawksbills, American
crocodiles).

5. The distinction between national and global populations
remains confused. The criteria do not provide clear ad-
vice about whether the status of a global population
should be considered on the basis of a single global
population, or the average national population, yet the
contribution national populations make to global popu-
lations is rarely the same (olive ridleys, saltwater croco-
diles, hawksbills, American crocodiles).

6. The extent of the historical decline over three generations
may have nothing to do with the risk of global extinction
in the future for long-lived reptiles (all six species).

7. There are no formal verification procedures, feedback
checks, or onus on expert assessors to provide informa-
tion on the accuracy of final determinations, yet clearly
experts are in the best position to provide such informa-
tion (all six species).

8. Assessors use the criteria differently with long-lived
reptiles. Some determinations are based strictly on the
criteria, with the result that risks of extinction are exag-
gerated relative to real risks (Chinese alligator, western
swamp turtle), sometimes greatly and obviously (olive
ridley, hawksbills). These results represent problems
with some criteria (especially the A criteria), and also the
deliberate selection of the wrong criteria, in some cases to
reduce predicted risks and apparently improve accuracy
(saltwater crocodiles, American crocodiles) but in others
to exaggerate risks (CR 2bcd with hawksbill turtles).
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Given the high level of public and political confidence in the
IUCN assessments, despite the inherent inaccuracies, the
case for maintaining public confidence is a strong one
(Mrosovsky 1983, 1997). To achieve this requires increased
attention to the accuracy of final predictions rather than to
the processes involved in making assessments objective.
Categories such as critically endangered should be reserved
for species that are facing severe and obvious threats. They
should not be assigned to species that are abundant and
widespread, with no known scenarios that could lead to
global extinction, no matter how compelling the case for
public sympathy may be.

References

AACC (1998) Clarificacién y actualizacién de la propuesta de Cuba
sobre el carey (Eretmochelys imbricata) (in Spanish and English).
Rev Cubana Invest Pesq 22:186-205

Anonymous (1998) Turning turtle. Down to earth. Sci Environ Fort
7:30-34

Baille J, Groombridge B (1996) 1996 TUCN red list of threatened
animals. TUCN, Gland

Carrillo EC, Moncada F, Elizalde SR, Nodarse G, Pérez CP, Rodriguez
AM (1998) Datos de las capturas historicas el comercio y los
muestreos (in Spanish and English). Rev Cubana Invest Pesq 22:
75-88

Cogger HG, Cameron EE, Sadlier RA, Eggler P (1993) The action
plan for Australian reptiles. Australian Nature Conservation
Agency, Canberra

Groombridge B (1982) The IUCN Amphibia-Reptilia red data
book. Part 1. Testudines, Crocodylia, Rhynchocephalia. IUCN,
Gland

IUCN (1995) A global strategy for the conservation of marine turtles.
IUCN, Gland

Kuchling G (1998) Reintroduction of captive-bred stock as recovery
tool for endangered chelonians: examples from Western Australia
and Madagascar (abstract). In: Proceedings, 11th Australian

Wildlife Management Society Conference, Gatton, Queensland, p
33

Lapointe E (1997) No red alert over conservation Red Lists. Nature
(Lond) 389:904

Limpus CJ (1992) The hawksbill turtle, Eretmochelys imbricata, in
Queensland: population structure within a southern Great Barrier
Reef feeding ground. Wildl Res 19:489-506

Limpus CJ, Miller JD (1998) Australian hawksbill turtle population
dynamics project. Unpublished project report for year 3 to Japan
Bekko Association, Tokyo

Mirquez R (1990) FAO species catalogue, vol II. Sea turtles of the
world. FAO Fisheries Synopsis no. 125. FAO, Rome

Mirquez R, Pefiaflores C, Vasconcelos J (1996) Olive ridley turtles
(Lepidochelys olivacea) show signs of recovery at La Escobilla,
Oaxaca. Mar Turtle Newsl 73:5-7

McNeely JA, Gadgil M, Leveque C, Padoch C, Redford K (1995)
Human influences of biodiversity. In: Heywood VH, Watson RT
(eds) Global biodiversity assessment. Cambridge University Press,
Cambridge, pp 823-914

Messel H (1998) Letter to Chairman SSC. Crocodile Spec Group
Newsl 17:15-16

Meylan A (1997) Status. In: Biology and status of the hawksbill in the
Caribbean. [IUCN-MTSG, Washington, DC, pp 7-18

Mrosovsky N (1983) Conserving sea turtles. British Herpetological
Society, London

Mrosovsky N (1997) IUCN’s credibility critically endangered. Nature
(Lond) 389:436

North RD (1995) Life on a modern planet. Manchester University
Press, Manchester

Rabb G (1996) Foreword. In: 1996 IUCN red list of threatened ani-
mals. IUCN, Gland, p 6

ROC (1998) Transferencia con nota aclaratoria de la poblacién
Cubana de tortugas de carey (Eretmochelys imbricata) del apéndice
I al apéndice 11 de la CITES (in Spanish and English). Rev Cubana
Invest Pesq 22:1-58

Ross JP (1998) Crocodiles. Status survey and conservation action plan,
2nd edn. ITUCN, Gland

Webb GIJW (1986) The “status” of saltwater crocodiles in Australia.
Search 17:193-196

Webb GJW (1997) Crocodiles. Aust Biol 10:31-39

Webb GJW, Vernon B (1992) Crocodilian management in the People’s
Republic of China — a review with recommendations. In: Crocodile
conservation action. A special publication of the Crocodile Specialist
Group of the IUCN-SSC. IUCN, Gland, pp 1-27



17

SUOTIBIOUT 991}
IOAO QUI[IP % 0S
:9[qeIdUNA
SOX

SOX

[ewruIjy

SOX
SOA

(%07>) umod
(%08>) umoq

umouyu
$ALNUNOJ ISON

%S>
sdeyrog

000>
000S1>

pajwry
uotu ¢ 0>
L1

umouyu)

J1BIOPOIA
SOx

IA/S1S9U ()OS >

suoneIauad 0911}
IOAO QUIIP %08
:parouepuy A[[eoni)

SOX

SOx

[ewIuIy

SOX
SOX

(%01-%¢ A1qssod) dny
(%06—%08
A1qissod) umoQq

SOX

SOLIUNOD ISON
QUON
QUON

+000001
oI <

SOX
uor[ +0071
+00T

umouyun
%+06 £19eq0I1d
oA

1781890 000 ST-0001
0] SO}ISUAP MO WOI]

SUOT)BIOUS 9911} Ul

QUI[I9P %08 1oYIng

paoafoid ‘suorjerouad

9011} JOAO JUI[IAP %8
pa1a3uepuy Afeoni)
A1qeqorg

SOX

QUON

A1qrssoq
ON

(%05-%0T1) umod
(%56<) umoq
Ieo[OUN)

SOX

% S6<
QUON

0S>
0sc>

ON
00S
(orwopus) T

umouyu)

umouyun)
A1qrssod

14/s189U 1>

s}npe OS>
{SUOT)RIOUAT Q9IY)
IOAO QUI[OP %08

:pa1ouepuy A[[eoni)

SOX

SOX

JQUON

ON
ON

(%09) dn

(% umouun) umo
(Sunyo03sa1) SO X
SOX

umouu)

e Ll

0S>
001>

ON
>
(orwopu9) T

umouyu)

umouu)
SO

1K/5189U ()T >

popeidop pue eare
[rews ‘uonendodqns
9[SuIs ‘s)npe o>

:(u100U0)) I5BI)

STy Jomo

SOX

SOX

QAISUIXT

SOX
SOA

(%0z-0) dn 10 91qEIS
(%06<) umoq

SO X

mo_\EEBOU ISOIN

%S>

z

0000C>
0000SC>

paywry
uorur &=1
61

% +06

(%0$>) d1eI0pOIN
SOA

1K/51S2U ()OS >

suorneIouas 99IY)
I9AO QUIIAP %S
:parosuepuyg
SOX

SOX

[ewruIy

SOX
SOA

(%0z Arqrssod) dn
(%0L< A1qissod) umoq
SOX

SOLIIUNOD SO

QUON

QUON

uorur z=1
uotur 0z—=01

SO X
uor +007
0r—0¢

umouyu)

%+06 £19eq01d
SOX

IA/S)SOU UOI[[IW + |

uoseoy
JeaIy ], Jo A103918D) NDONI
pourejsns aq 0) po3oadxa
SUOT)O® UONBAIISUOD) ‘6T
SOLIJUNOD
owos ur surergord
UOT}BATOSUOD SUIOSUO QATIOY ST
JysSnes-prim
Ul 9peI) [BUOTIBUIdU] /]
Te3o]
[eso
'SJSOAIRYH ‘9T
s1e9A (T ISe

SIBdA QT ISe
'SIoquINu Ul Snje)s [eqO[D) ‘GT
pojensuowap
Kyoedes A10A000Y T
suonjeindod pojorde “¢T
o3uel Jo 9,
saLuno)
1894 (0T Ised ‘wonounxyg 71
SHINpY
s3uryoyeUON
:uonendod prm reqorn ‘11
SOLIJUNOD U0oM)aq AN ‘0]
s19j0wWo[Iy a1enbg
saLuno)
‘uonnqrysip [eqoH ‘6
Ayumjew o) 1894 T ‘AJTRIION -
IedA T> ‘ANTerIoN L
{SOLIIUNOD QWOS Ul
9IN99s $93Is JuNsoU Iy ‘9

[>e]

3unsou [BqO[3 JO JUAXH

SOLUNOd /| SOLIUNOD +()9 (eumy)) orwopuyg (errensny) orwopuyg SoILUNOd G| SOLUNOD +()7 SunsoN ‘¢
Sy 009-00% 0€-0T S S 00€-007  uoseas 1od o[ewoy 1od s33H Y
SIBdk 7-1 s1eok G—¢ SIBdK 7—1 s1eok -1 SIBdK 7—-1 SIBAA ¢—C KI9AQ 1SON '€
SIBOA +(07-0T sIR9A ()6—C7T s1BOA +(07-0T s1B9K +(07-0T s1BOA +(07-0T s1eak ()7—0T Ayumjew 0) 3y 7
quLIen)Isd I01BMUSOIJ
‘QULIBW ‘I0)BMUSIL] QuULIBIA I91BMUSAI] 191BMUSOIL] ‘QULIEN]SO ‘QULIBIA QuLIRIA jelIqey Uy T
9[IP020Id opImy 107€31[[R opImy 9[IP020Id apIm
uedLIOWY [asymey asoury) dwrems uI)sopm I91eMI[BS K9Ip11 9AT[O Io1oweIed

owry ur syutod om) uoamiaq uonnqrysip 1o ozis uoriendod oy} ur soSueyd 03 SI9JOI SNJL)S 'SISSONT POULIOJUl
109]JO1 SOWIAWIOS PUE SIOINOS AULW WIOIJ POUBI[3 $9JBWNSI  1IN0d-[[Bq,, [BIOUS 218 ele( 'so[ndal Surmjeuw-mofs ‘paAll-3uo] ‘orrenbe Jo soroods XIs 10] UONOUNXI JO YSLI 01 paje[al s1030e] “Xipuaddy


https://www.researchgate.net/publication/225457944

