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travel money to participate in Red Knot
working groups.

Massachusetts:

1. Conduct research and monitoring of
human disturbance in shorebird habitats,
particularly those disturbances associated
with commercial and recreational fishing
and public access to beaches.

2. Monitor recruitment through observa-
tions of juveniles during fall migration.

MANAGEMENT NEEDS

The management needs presented in this
section are preliminary and largely based on
work described in more detail in previous sec-
tions. As nearly all management work focused
on Red Knot occurs in the area of the Delaware
Bay, management needs in other locations will
only be determined after preliminary survey
and research is complete. However, the experi-
ences of conserving the Delaware Bay stopover,
as well as work in Patagonian wintering areas,
provide general management needs:

1. On the Delaware Bay, recover and main-
tain horseshoe crab egg densities at levels
sufficient to maintain a stopover popula-
tion of Red Knots of >100,000 birds.

2. Control impacts of disturbance at all stop-
overs and wintering areas where appro-
priate. This is especially important at key
stopovers like Delaware Bay, but applies
to the many Atlantic coast stopovers that
occur in both spring and fall. This would
include use restrictions and outreach pro-
grams.

3. Create an oil-spill response plan for key
stopovers and wintering areas.

4. Maintain precise GIS maps of important
use areas in each stopover and on winter-
ing areas.

5. Ensure that all major stopover and win-
tering areas are recognized in protection
initiatives such as WHSRN, International
Association of Fish and Wildlife Agency’s
expanded flyway system, and Ramsar.

6. Avoid impacts of beach replenishment
through timing restrictions, and specifica-
tions on beach fill to ensure quick recov-
ery of beach invertebrates and horseshoe
crab spawning in the Delaware Bay.

7. Clean up and restore all beaches on the
Delaware Bay that include any struc-
tures impeding crab spawning such as
bulkheads, homes, or rip rap. Avoid the
placement of any new structures. The
cross-bay commuting of Red Knots from
feeding sites in Delaware to roosting sites
on the Atlantic coast of New Jersey for the
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whole 14-d stopover is equivalent in dis-
tance to almost half the flight to the arctic
breeding grounds. In energetic terms, the
daily flight involves expenditure of about
83 kJ, which would require the ingestion
of about 6,000 horseshoe crab eggs (H. P.
Sitters, unpubl. data). Conservation man-
agement prescriptions should therefore
include ensuring the existence of suitable
roosting sites for Red Knots at various
locations throughout the bay, especially
in Delaware where steps should be taken
to conserve the known inland roost-
ing site near Mispillion Harbor. Coastal
impoundments should be managed to
maximize their potential use as Red Knot
roosting sites, or sites created by building
isolated sandbars or islands along the
shore (such as beside the jetty protecting
Mispillion Harbor where suitable high
water roosting islands once existed but
have since eroded away).

UPDATE TO THE STATUS OF THE RED
KNOT (CALIDRIS CANUTUS) IN THE
WESTERN HEMISPHERE, FEBRUARY 2008

Previous sections of this volume (referred
to below as the original review) were based on
data available as of June 2006. Since then impor-
tant new information has become available and
is presented in this section based on data and
analyses available in February 2008.

Recent information suggests that the popula-
tion of Calidris canutus roselaari, which breeds
in Alaska and on Wrangel Island and migrates
along the American Pacific coast, may be even
more threatened than C. c. rufa. Therefore, in
this update we give equal emphasis to both
subspecies.

TaxoNoMmIC STATUS

According to the original review, Red Knots
wintering in Tierra del Fuego are C. c. rufa, but
the subspecific status of those wintering in
Florida and in Maranhdo (Brazil) is uncertain
and either or both could be partly or wholly
C. c. rufa or C. c. roselaari.

The original review includes the follow-
ing statement which has been misinterpreted
as meaning that the wintering populations of
Florida and Tierra del Fuego are genetically
distinct: “Despite the lack of fixed genetic dif-
ferences among subspecies, the population
divergence time of the Red Knots that winter
in the southeast of the U.S. (presumed to be
C. c. roselaari) and those that winter in Tierra del
Fuego (C. c. rufa) is estimated to be about 1,200 yr
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ago (Buehler and Baker 2005). Therefore, these
populations have not been exchanging a signifi-
cant number of individuals per generation for
a long time, and clearly are independent units
for conservation.” That statement was made on
the assumption that the Red Knots that win-
ter in the southeastern U.S. are C. c. roselaari.
Therefore, the genetic distinction refers to that
between known C. c. roselaari from Alaska and
known C. c. rufa from Tierra del Fuego. To date,
no evidence exists of any genetic distinction
between Red Knots from the wintering popula-
tions of the southeastern U.S., Maranhdo, and
Tierra del Fuego. Considerable evidence does
show little or no interchange between these
populations, that they have distinct migrations
and ecological scheduling, and they behave as
distinct biogeographic populations.

In October 2007, a Red Knot was seen
at Guerrero Negro, Baja California, Mexico
that had been marked as a breeding adult on
Wrangel Island, Russia, during the summer of
2007 (P. S. Tomkovich et al., pers. comm.) and
two Red Knots were seen at Guerrero Negro
that had been marked on migration through
the Yukon-Kuskokwim Delta, Alaska, in May
2006 (P. S. Tomkovich et al., pers. comm.) These
observations confirm that Red Knots found on
the Pacific coast of North America are of the
C. c. roselaari subspecies which breeds in Alaska
and on Wrangel Island (Tomkovich 1992).

In October 2006, 162 Red Knots were caught
and measured at Guerrero Negro (R. Carmona,
unpubl. data). These birds, which have not
yet been sexed, had longer bill-lengths (x =
37.07 mm, 95% CI = 0.27) than males from the
winter populations of Maranh&o, Florida, and
Tierra del Fuego, and also longer than Tierra
del Fuego females (Fig. 4). So, unless most or
all of the Mexican birds were females (which
would seem unlikely), it would appear that
C. c. roselaari are larger than the Red Knots
wintering in Florida, Maranhao, and Tierra del
Fuego and therefore larger than C. c. rufa.

Current scientific opinion, as expressed in a
paper submitted to Bioscience on 23 December
2007 by L. J. Niles et al. (including most of the
authors of this volume) is that the Florida and
Maranhdo populations are believed to be C.
c. rufa (as well as the population of Tierra del
Fuego). However, the three wintering popula-
tions do show morphological, particularly size,
differences, with Tierra del Fuego birds being
significantly smaller than those from Maranhao
or Florida (Fig. 4). This may suggest that they
have discrete breeding areas. However, as yet no
proof of this exists (despite unsuccessful efforts
to determine the status of Red Knots that breed
on Victoria Island during summer 2007). While
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breeding areas may not currently be clearly delin-
eated, it is important to recognize that the three
populations are biogeographically distinct.

PoPULATION STATUS OF CALIDRIS CANUTUS ROSELAARI

According to Brown et al. (2001), the C. c.
roselaari population was about 150,000 in 2001.
This estimate, however, was based on informa-
tion for 1975-1980 and was, therefore, out of
date when the conservation plan was written.
Moreover all attempts to assess the size of the
C. c. roselaari population have been bedeviled
by uncertainty as to which passage or wintering
population belongs to which subspecies.

C. c. roselaari breeds in west Alaska and on
Wrangel Island (Tomkovich 1992) and several
population estimates are based on numbers
counted in May on Alaskan estuaries, just
before the birds disperse to the breeding
grounds. These include 110,000 on the Yukon-
Kuskokwim Delta (on the west coast of Alaska)
in May 1980 and 40,000 on the Copper River
Delta (on the south coast) in May 1975 where
up to 100,000 have been thought to occur
(Morrison et al. 2006). No records of such
large numbers are available before 1975-1980
or since or of similar numbers in the passage-
winter sites of C. c. roselaari further south
along the Pacific coast. Morrison et al. (2006)
therefore suggest that at least some of the large
numbers seen in Alaska are likely to have been
C. c. rogersi which breeds in east Siberia (more
or less due south of Wrangel Island) and win-
ters in east Australia and New Zealand and
whose population has been estimated recently
at about 90,000 (C. D. T. Minton, unpubl. data).
Precisely why C. c. rogersi would migrate from
Australasia to Siberia via Alaska in 1975-1980
and why they do not appear to do so now (or
do so less) is not clear but the possibility can-
not be rejected.

The only recent evidence that moderately
large numbers may still pass through Alaska
is an unpublished report by Pavel Tomkovich
and Maksim Dementyev on observations they
made in May 2006 on the Tutakoke River in
the Yukon-Kuskokwim Delta (Tomkovich and
Dementyev 2006). Most of the Red Knots they
saw arrived daily from the south and departed
northward. The sum of their counts —5,780—
was therefore considered to give a reasonably
accurate measure of numbers passing through
the area. Since they were unable to cover the
entire estuary, they were quite sure that not
less than 10,000 Red Knots come through the
lower Tutakoke River area. Bearing in mind
that the Tutakoke River is only one site among
several on the Yukon-Kuskokwim Delta, the
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total passage population could still be quite
large.

Evidence of numbers farther south along the
American Pacific coast is fragmentary and dif-
ficult to interpret but suggests that the popula-
tion that has never exceeded about 10,000. Page
et al. (1999) present summed maximum counts
for all sites on the U.S. Pacific coast (except
Alaska) for 1988-1995 (fall 7,981; winter 4,813;
spring 9,035). However, as these are summed
peak counts without reference to date, it is
highly likely that many individual birds were
counted several times over.

In Washington, passage numbers have
declined from a few thousand in the 1980s to
peaks of 248 in spring 2006 and 446 in spring
2007 (Buchanan 2006, 2007).

In Baja California, 1,053 were counted at
Guerrero Negro in January 1994 (Page et al.
1997), but it was not until recently that relatively
larger numbers were recorded there. Carmona
et al. (2006) working in the Guerrero Negro
area counted 2,907 Red Knots in the saltworks
alone in October 2005. Subsequently, 6,458
were counted in the saltworks and the adjoin-
ing Guerrero Negro and Ojo de Liebre lagoons
in September 2006, 4,595 in December 2006 and
4,647 in April 2007 (R. Carmona, unpubl. data).
Whether the recent observations represent a
real increase in the population is not clear. It is
a remote area and this population could have
been overlooked in the past.

Summary

1. C. c. roselaari might have declined from
100,000+ to <10,000 if the large numbers
reported in Alaska in 1975-1980 were
C. c. roselaari and did not include substan-
tial numbers of C. c. rogersi.

2. Alternatively, C. c. roselaari has always
had a small population, probably <10,000,
and has shown no clear long-term trend.
Nevertheless, as a small population
(probably less than half that of C. c. rufa),
it is vulnerable and deserves protection.
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PoPULATION STATUS OF CALIDRIS CANUTUS RUFA

All three of the main wintering populations
of C. c. rufa have shown substantial declines
compared with the numbers reported in the
original review (Table 39). From 2004-2005 to
2007-2008, counts were conducted each win-
ter in Tierra del Fuego, Maranhdo, and on the
west coast of Florida, apart from 2005-2006
and 2007-2008 in Maranhdo and 2004-2005 in
Florida. If the previous years’ counts are used
for the missing counts in Maranhdo and the
succeeding year’s count is used for the missing
count in Florida (which is the most conserva-
tive approach in terms of estimating the scale
of the decline), the total wintering population
declined from 27,728 to 18,350 (33% or 11% per
annum) over the four winters. However, since
these wintering groups behave as separate
populations, it would be more appropriate from
the conservation point of view to consider their
status individually.

Tierra del Fuego population

In April 2007, approximately 1,300 dead Red
Knots were found on the coast of Uruguay,
as described in the following report posted
on BirdLife International’s website (http://
www.birdlife.org/).

Recent unexplained Red Knot die-offs have
highlighted further the need for research into
the variety of threats afflicting the already
declining C. c. rufa population. In April 2007,
312 dead C. c. rufa were discovered at Playa
La Coronilla in southeastern Uruguay and
the same day over 1,000 birds were found
dead at a second site nearby. Joaquin Aldabe
(pers. comm.) suggested a possible connection
between harmful algal blooms and the deaths,
although additional studies are required in
order to fully understand this unexpected
event. Aves Uruguay, in connection with other
national and international organizations, is
already working in the area to establish the
possible causes of the casualties and the role

TasLE 39. Counts OF RED KNOTS DURING THE NORTHERN WINTERS OF 2004-2005 10 2007-2008 IN TIERRA DEL FUEGO
(ARGENTINA AND CHILE), MARANHAO (BRAZIL), AND ON THE WEST COAST OF FLORIDA (NC = NO COUNT). WHERE NO COUNT
OCCURRED, THE TOTALS ROW USES THE PREVIOUS YEARS' COUNT FOR MARANHAO AND THE SUCCEEDING YEAR'S COUNT FOR

FLORIDA (SEE TEXT).

2004-2005 2005-2006 2006-2007 2007-2008 Observers

Tierra del Fuego 17,6532 17,2112 17,316
Maranhao 7,575 NC 3,000
Florida west coast NC 2,5002 1,200
Total 27,728 26,286 21,516

14,800 R. I. G. Morrison and R. K. Ross

NC I. Serrano

550 L. Niles, A. D. Dey, and R. I. G. Morrison
18,350

2Numbers reported in the original review.
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of Uruguay as stopover for the species. The
death of more than 1,300 Red Knots in Uruguay
is of particular concern because this number
represents >6% of the C. c. rufa population, all
of which winter in southern South America
(R. Clay, pers. commun.). The discovery
underlines the need to better understand fac-
tors which may be affecting the species during
migration and on its wintering grounds.

Subsequently, PMG and AB interviewed
the people who had found the dead knots
and it was established that the count of 312
was accurate but the statement that over 1,000
were found dead at a second site was only a
very rough estimate. Therefore, there is some
doubt as to the total number of birds affected.
However, whatever the number seen, it is likely
that more died and were lost (e.g., in the sea or
to scavengers).

This appears to have been a one-off event
but has similarities to a smaller one mentioned
in the Status Review that occurred at Lagoa do
Peixe in southern Brazil in 1997.

The January 2008 Tierra del Fuego count of
14,800 was 2,516 or 15% lower than the previ-
ous year.

Maranhdo population

Baker et al. (2005) counted 7,575 Red Knots
from the air along 150 km of the shore of
Maranhéao, Brazil, in February 2005. A repeat
count in December 2006 could only find 3,000
(I. Serrano, unpubl. data).

Florida population

The original review made a very tentative
estimate of the size of the Florida population
as 7,500 and found no clear evidence of a trend.
Counts in the winter of 2005-2006 showed a min-
imum population of about 4,000 plus another
1,500 scattered along the coasts of Georgia,
North and South Carolina, and Virginia (Niles
et al. 2006). Of the 4,000 in Florida, 2,500 were
found along 300 km of the west coast between
Anclote Key and Cape Romano where an esti-
mated 10,000 occurred in the 1980s (Morrison
and Harrington 1992) indicating a substantial
decline in what used to be the main Florida
stronghold. Further counts along this coast
show that the numbers wintering in this area
declined to 1,200 in 2006-2007 and only 550 in
2007-2008.

Are the counts accurate?

The aerial counting of shorebirds requires
skill and rapid assessment. Those involved in
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the counts reported here are all highly qualified
counters, particularly R. I. G. Morrison and R. K.
Ross who are probably the most experienced aer-
ial counters of shorebirds in the world. Morrison
and Ross have conducted all of the Tierra del
Fuego counts, so the data have all been collected
in a consistent manner by the same observers,
and Morrison took part in the last Florida count.
The remaining counts were conducted by people
who have very considerable experience of count-
ing shorebirds on the ground as well as some
experience of counting from the air.

In Tierra del Fuego, all potential Red Knot
habitat consists of simple linear shorelines leav-
ing little likelihood that any birds will have
been overlooked. In comparison, the shores of
west Florida and Maranhao are complex and
highly fragmented making accurate counting
more difficult. To allow for this, aerial coverage
in both areas was more extensive and included
not only the ocean shore but also a great variety
of back bays and channels where Red Knots
might possibly occur.

In all three areas when fewer birds were
found than in earlier years, searching was
intensified. In some cases, repeat flights were
made in case birds had been missed; in others
the search was extended to marginal habitats to
ensure that all locations where knots might pos-
sibly be found were covered. Intensified cover-
age revealed virtually no additional knots.

It is concluded that all of the counts were
of sufficient accuracy giving confidence that
the trends shown are true and the scale of the
declines is correct.

Could the birds have moved elsewhere?

Generally, arctic-breeding shorebirds,
including Red Knots, have been found to be
highly site-faithful to their wintering grounds.
However, changes in wintering site have not
infrequently been recorded and have variously
been attributed to changes in the availability
of food, changes in the risk of predation, loss
of habitat, and improved conditions closer to
breeding grounds arising from climate change.

We are not aware of any changes to the habi-
tats used by Red Knots in Maranhao or Tierra
del Fuego that could have led the birds to win-
ter elsewhere. In Florida, recreational use of the
beaches has increased in recent years to such an
extent that it could be a factor that has led birds
to change site. However, the main sites occu-
pied in 2005-2006 are well within or towards
the middle of the 300 km of coast surveyed each
year. Therefore if the birds have moved else-
where, they must have moved a considerable
distance. It should be noted that the population
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of the remainder of the south coast of the U.S.
has not been surveyed since 2005 so its recent
trend is unknown.

In Tierra del Fuego, all coastlines that have
supported Red Knots in the past, and especially
the core sites supporting the bulk of the popu-
lation (Bahia Lomas, Bahia San Sebastian, and
Rio Grande) have been surveyed from the air in
January in the years 2000-2008. Previously occu-
pied areas on the coast of Patagonia were also
surveyed in three separate years, but were found
to support few Red Knots (2% of the wintering
count) compared to the 1980s (14%), indicating
the population is now found almost entirely in
the core sites, with few in the more peripheral
areas, and with no evidence for any redistribu-
tion outside the core region. Moreover, we are
in regular contact with shorebird observers in
Patagonia and there have been no reports of sig-
nificant numbers of Red Knots wintering north
of Tierra del Fuego in Argentina in 2007-2008,
again indicating that no significant redistribution
has occurred. With consistent declines observed
at all migration areas as well, it is considered
extremely unlikely that redistribution could
account for the declines observed since 2000.

Mass GAIN IN DELAWARE BAy

At the time the original review was writ-
ten, it was well understood that the decrease
in the food supply of Red Knots in Delaware
Bay —horseshoe crab eggs—was strongly
implicated in the decline of the C. c. rufa
population. Baker et al. (2004) showed that
Red Knots unable to gain adequate weight in
Delaware Bay for onward migration to the arc-
tic breeding grounds had significantly lower
survival. Morrison et al. (2007) also showed
that body stores were important indicators of
survival in C. c. islandica populations of Red
Knots breeding in the high Arctic. However,
the precise impact of reduced numbers of eggs
was not clear. In a study of birds trapped twice
during a single spring stopover, Atkinson et al.
(2006) showed that the earliest arrivals accumu-
late mass at a relatively low rate (~4 g/day) but
later arrivals can catch up lost time and achieve
a much higher rate of mass gain (up to 10-15 g/
day). New analyses led by Robert A. Robinson
(British Trust for Ornithology, presented to
a joint meeting of the Horseshoe Crab and
Shorebird Technical Committees of the Atlantic
States Marine Fisheries Commission in October
2007) have shown that the earliest arrivals
have not suffered reduced rates of mass gain.
However, the later arrivals that try to catch
up lost time, comprising approximately three
quarters of the entire stopover population, have
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shown a significant year-on-year decline in the
rate of mass gain they have achieved over 1998
to 2007. Because lower weight birds have lower
survival (Baker et al. 2004), it can be concluded
that the reduced availability of crab eggs in
Delaware Bay has been a critical factor in the
decline of C. c. rufa .

As reported in the original review, there has
been a tendency for northward passage of knots
to be about a week later at three sites in South
America. To date no clear evidence has been
found (e.g., from the aerial counts) that this has
led to later arrival in Delaware Bay. However,
if this does occur it will merely exacerbate an
already bad situation (more birds will be arriv-
ing late and trying to gain mass rapidly on inad-
equate food supplies).

HorsesHOE CrABS AND THEIR EGGS IN
DELAWARE BAy

Current evidence suggests that the horse-
shoe crab population of Delaware Bay has
stabilized following the major decline docu-
mented in the original review. From the birds’
perspective, the key factor in being able to
acquire adequate body reserves for onward
migration is the density of available eggs. This
has shown no significant change over 2000-
2007 (though over 2005-2007 it declined; Table
40). Similarly, the number of spawning female
crabs has shown no significant trend over
1999-2007; however, the number of breeding
males has increased (Table 2). The increase in
males might be an indication that the popula-
tion is on the brink of recovery; however, it is
females that lay eggs, so an increase in male
crabs is largely irrelevant to the birds. More
encouraging however, is a sharp 7-10-fold
increase in 2006 and 2007 in the number of crabs
recorded by the Delaware Division of Fish and
Wildlife’s trawl survey (Table 40; Michels et al.
2008). Presumably the increase relates largely
to males and/or immature individuals because
the number of spawning females has not yet
increased. Nevertheless, this might be a wel-
come indication that the population is starting
to recover. However, this evidence should be
treated with great caution because the sharp
increase recorded by the Delaware trawl in
2006 was not corroborated by the offshore
trawl survey conducted by the Horseshoe Crab
Research Center (D. Hata, unpubl. data) which
recorded a much lower and non-significant
increase (2.5-3.0; Table 40).

In summary, recovery in the horseshoe
crab population might possibly be starting in
response to harvest restrictions, but the evi-
dence is far from clear and, even if it is starting
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TaBLE 40. POPULATION PARAMETERS OF HORSESHOE CRABS IN DELAWARE BAY FOR 2004-2007.

2004 2005 2006 2007  Trend Source
Spawning female (index) 0.77 0.82 0.99 0.89  None® S. Michels et al. (unpubl. data).
Spawning males (index) 2.93 3.23 3.99 422 Increase® Michels et al. (unpubl data).
Egg density New Jersey (index)* 61 100 49 29 None!  NJDFW (unpubl. data.)
Egg density Delaware (index)® No 100 73 76 None DDFW (unpubl. data).
survey

Delaware Trawl Survey

(geometric mean)® 0.059 0.203 1.372 1.617¢ Increase S.F. Michels (pers. comm.).
Offshore trawl core area

multiparous females

(stratified mean catch/tow) 8.2 10.7 24.6 291 Increase D.Hata (unpubl. data).
Offshore trawl peripheral area

multiparous females

(stratified mean catch/tow) 3.2 2.8 5.5 2.8 None D. Hata (unpubl. data)

2In top 5 cm of sand, 2005 = 100 .

b Data relate to trawls during April-July.

¢ Trend relates to 1999-2007.

4 Trend relates to 2000-2007; over 2005-2007, the trend is a decline.
¢ The Delaware trawl figure for 2007 is provisional.

it has not yet led to an increase in the number of
spawning female crabs or eggs for the birds.

We emphasize that the scale of recovery of the
horseshoe crab population needed to sustain the
Delaware Bay shorebird stopover is an order of
magnitude increase to the levels of the early 1990s,
not just an improvement in current numbers.

In the course of preparing this update we
realized that from 2005 to 2007, surveys of
horseshoe crab eggs have shown much higher
densities in Delaware than in New Jersey,
though percentage change from year to year
is not dissimilar (Table 41; compare with index
in Table 40). This is thought to be a sampling
problem which does not reflect a systematic dif-
ference in egg densities between the two states.

All egg surveys have shown considerable
heterogeneity with especially high densities in
protected bays and creek mouths. One New
Jersey data set avoids samples from known hot-
spots (Table 41), another includes such sites, but
both show much lower densities than the main
Delaware data set. The Delaware data include
a known hot-spot, Mispillion Harbor, but even
if that site is excluded the difference in mean
density between New Jersey and Delaware is
still very large.

In principle, there is no reason why egg den-
sities in New Jersey and Delaware should be
very different because the density of spawning
females in the same years has been quite similar
with even higher numbers in New Jersey than
in Delaware in 2005 and 2006 (Table 41; Michels
et al. 2008). We therefore assumed a systematic
difference in habitat quality for spawning crabs
occurred between the sites sampled in each state.
Discussion is currently under way between the
New Jersey and Delaware Divisions of Fish and
Wildlife with a view to designing a new survey
protocol that will facilitate a better comparison
of egg densities across Delaware Bay.

RECOMMENDATIONS

1. In 2006, the USFWS decided that listing
C. c. rufa as threatened or endangered
under the Endangered Species Act was
justified but was precluded by species
with higher conservation priority. That
decision was made on the basis of the
information contained in the original
review. Since then all three of the main
wintering populations have shown sig-
nificant further decline. Therefore, the

TABLE 41. DENSITY OF HORSESHOE CRAB EGGS IN THE TOP 5 CM OF SAND IN THE BEACHES OF DELAWARE BAY DURING MAY AND
JUNE 2004-2007 N NEW JERSEY AND DELAWARE (SURVEYS CONDUCTED RESPECTIVELY BY THE NEW JERSEY AND DELAWARE

Divisions oF Fist AND WILDLIFE).

Mean egg density® (eggs /m? top 5 cm sand) 2004 2005 2006 2007
New Jersey (no hot-spots) 3,175 5,237 2,551 1,502
New Jersey (with hot-spots) No survey 7,469 3,772 2,006
Delaware (all sites) No survey 49,933 36,687 38,131
Delaware (all except Mispillion Harbor) No survey 33,534 16,357 20,664
New Jersey index of female crab spawning 0.78 0.99 117 0.82
Delaware index of female crab spawning 0.76 0.65 0.81 0.96

2 Data from Michels et al. (unpubl. data); the index is the mean number of female crabs per square meter per night.



STATUS OF THE RED KNOT — Niles et al.

priority for listing C. c. rufa has increased.
Accordingly we recommend that the
USFWS reconsider listing C. c. rufa. It may
be noted that the C. c. rufa population has
been designated as endangered by the
Committee on the Status of Endangered
Wildlife in Canada (COSEWIC 2007).

2. Although the status of C. c. roselaari may
be uncertain because of the lack of com-
prehensive surveys, it is probable that its
population is <10,000, which is consider-
ably less than current estimates for C. c.
rufa. As a small population, it is par-
ticularly vulnerable to stochastic events,
harmful genetic mutation, and habitat
loss. Therefore we recommend that the
USFWS consider listing C. c. roselaari as
well as C. c. rufa.

3. The original review showed that the
Delaware Bay population of horseshoe
crabs declined by around 90% between
1990 and 2006 as a result of excessive har-
vest. This has been shown to be strongly
implicated in the decline of C. c. rufa, a
finding now further reinforced by the
demonstration that the majority of knots
stopping over in Delaware Bay have suf-
fered reduced rates of mass gain over
1998-2007. The suggestion that the crab
population might have started to recover
in 2006 as a result of harvest manage-
ment is therefore welcome. However, the
recovery needs to be toward the levels of
the early 1990s—an order of magnitude
increase —before it can be expected to
have a beneficial effect on the survival
of the Red Knot population. Therefore,
we recommend that the Atlantic States
Marine Fisheries Commission and the
individual states involved further restricts
the harvest of adult crabs until such time
as there is unequivocal evidence of a
strong recovery in the number of spawn-
ing crabs and the density of their eggs
towards the levels of the early 1990s.
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