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EXECUTIVE SUMMARY

Point Blue conducted the 37" year of monitoring the California Gull (Larus californicu¥
breeding population on Mono Lak e in 2019 The population size was estimated by
counting nesting gulls from aerial photographs ¢ a technique which was newly
implemented in 2017 following a pilot study. Reproductive success was measured by
counting the number of chicks in the plots in July and applying the long-term mean
post-banding mortality rate to estimate the total number of chicks that successfully

fledged per nest.

Each year since 2016ve have recorded the lowest population size of California Gulls
nesting at Mono Lake in the history of the project. The 2019 estimate of 22,150 breeding
California Gulls was not only the lowest recorded in the 37 year history of this project,
but also indicates the current nesting population is less than half of the long -term
average that existed bdore the start of the 2016decline. The 1983 to 2015 mearaverage
nesting population is 46,395 + 1324n = 33years). The long term average through 2018is
44,869 + 1493 (19882018,n = 36 years).

The alarming plunge in nest numbers hastranspired simultane ously with the growing
expansion of Bassiahyssopifoliaa non-native we ed which began inundating the Negit
Islets in 2016. ntinued expansion of Bassiaand other weeds hasincreasingly reduced
nest site availability and invasive weeds are now estimated to cover 70%or more of the
Negit Islets. Low average brine shrimp (Artemia monicqdensities in Mono Lake and the
continued abandonment of islets that were raided by Coyote(s) (Canislatrans) during

the recent drought might also play arole reduced nest numbers.

Average reproductive success in the sample plots was0.443 = 0.1Xhicks fledged per
nest, which is well below t he 1983t 2019average is0.87+ 0.06chicks fledged per nest.

Basedon plot data, an estimated 4,909+ 518chicks fledged from Mono Lak e in 2019
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which is the third lowest chick production measured since efforts began in 1983.For
comparison, the 10-year average chick production between 1985 and 1995, a particularly
productive period for Mono Lake California Gulls, was 29,854 £2641chicks fledged
annually. The average chick production over the past 10 years (2009 2019) is only
12,084 + 2630.

Following tremendous success of counting nests via aerial photography rather than
disruptive ground counts, we plan to transition to aeri al photography for chick counts
in future years. Alt hough aerial photography has detected fewer chicks than ground
counts (very small chicks, those brooded by adults or obscured by vegetation are
missed), the elimination of logistical comple xities and disturbance to the gulls, as well
asthe benefits of removing plot fencing , all provide adequate reason to support aerial
chick counts over ground counts. W e present 3 years & chick counts comparing ground

and air results to use for interpreting future aerial chick counts.

INTRODUCTION

Mono Lake in eastern California is a large hypersaline lake of great ecological
importance. Its large seasonal populations of endemic brine shrimp (Artemia monica
and alkali flies (Ephydra hiansprovide important food resources for a | arge numbers of
birds. Mono Lake supports one of the largest breeding colonies of California Gulls in

the world (Winkler 1996).

In 1983, Point Blue Conservation Science (founded as Point Reyes Bird Observatory)
began standardized monitoring of the populati on size and reproductive success of

California Gulls at Mono Lake. The goal of the project is to use gulls as an indicator to
help guide long -term management of the lake ecosystem. Specifically we aim to track
the long-term reproductive success and population size of the gulls through changing

lake conditions and identify the ecological factors influencing fluctuations in these
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metrics. This study represents one of the longest term ongoing studies of birds in North
America. It is a powerful tool for assessing the conditions at Mono Lake and can be an
invaluable tool in understanding how wildlife populations respond to ecological

change that manifests overlonger periods (e.g. climate change).

INn2019we EOOE UE Ul E w/3GDodridendtiv@ Ydarzmanitorin g the population
size and reproductive success of California Gulls (Larus californicuy at Mono Lake. We
continued to coll ect information on nest numbers and reproductive success with new
methodologies adopted in 2017 which reduce disturbance to the gulls. In this report we
provid e a detailed summary of the 2019 results with reference to historical conditions.

We also discuss theongoing status of the invasive weed Bassiahyssopifolia

Fig. 1. Locations of islands and islets within Mono Lake.
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Study Are a

Mono Lake, California, USA, is located at 38.0° N 119.0° W in the Great Basin of eastern
California at an altitude of 1945 m. The lake has a srface area of approximately 223
km?2, a mean depth of about 20 m, and a maximum depth of about 46 m. As a terminal
lake with no outlet, it is high in dissolved chlorides, carbonates, and sulfates, and has a

pH of approximately 10.

Gulls nest primarily on a series of islands located within an approximately 14-km?2 area
in the north -central portion of the lake. At var ious times the gulls have nested on Negit
(103 ha) and Paoha (810 ha) islands, and on two groups of smaller islets referred to as
the Negit and Paoha islets, which range in size from 0.3t 5.3 ha(fig. 1-3, Wrege et al.
2006) The surface elevation of Mono Lake during the 2019 nesting season was similar to

that of the 2018 season at about 1945 .3.

Fig. 2. View of the nesting islets within the Negit Islet complex.

‘ Pancake

Little Norway

.

. Java &g i i Krakatoa

Steamboa

Hat & Tie




Page| 8

Fig. 3. The Paoha Islet complex
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METHODS
Nest Counts

Aerial Surveys: In 2017,a new standardized method using aerial photography to count
gull nests was adopted. This new methodology allows for the population size to be
accurately measured without the disturbance involved in ground counts. This switch
came following two years of pilot study testing and calibrating aerial photography
results with the traditional ground counts. Aerial photo -based nest counts werefound
to be agood alternative to the ground counts, with results reflecting 90%- 100% of

ground count tallies when photograph s with suffi cient detail were used.

On 24 May 2019Nelson photographed all islets from the open window of a Cessna

TR182flying above the lakeusing an 184 200mm zoom lens Thetypical focal length

used was 100mm+¢ 140mm. The goal was to obtain images with sufficient resolution so

that incubating and standing gulls are easily differentiated, and the area captured in

Il EET wxl OUOT UExT wbUwWOERPODPAT EwPOWOUET UwUOwUI EU
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islets (Twain, Tabhiti) the perime ter and then the interior of the islets are photographed
systematically. The plane made multiple passes ofeach islet so that a large number of

photos were available to choosefrom.

Plot Counts: We continued to count the number of nests within the sample plots with
ground basedcounts as well as by airin 2019. On 29 May we counted the number of
nests in each ploton the Negit Islets and recorded clutch size. We walked systematically
through the pl ot and marked each nest with a small dab of water soluble paint to avoid
double-counting. Due to consistent outstanding clarity of aerial photographs of nesting
gulls and chicks on the Paoha lIslets, both nest numbers and chick counts were obtained
by aerial photog raph on the Paoha Islets exclusively.

Figure 4. Example of images used for counting with drawn boundary lines. The top line on the

left image matches the lower boundary line on the right image. Other boundary lines match on
adjacentimages.

Counting Nests from Aerial Images: Imageswere selectedfor counting based on

clarity and by areacaptured. Images chosa for counting contained overlapping zones
with adja cent images covering the entire islet. Nelson used Adobe Photoshop to draw
boundary lin es on ead image with the Brush Tool. In overlapping zones, shedrew

corresponding boundary lines following matching landmarks between the two images
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(i.e. rocks, vegetation, etc.). h some cases individual nests were woven around to

ensure the boundary lines matched exactly (Fig. 4).

After boundary lines on each image were drawn, the Count Tool on Adobe Photoshop
was used to count gulls. Each gull or pair was given a color-coded dot representing one
of three count groups: 1. Incubating : a gull sitting /incubating within a nesting area.
Many but not all of these were obviously nestled in a nest 2. Standing : gulls that are
obviously stand ing (upright posture and shadow angle were useful for assessmen).
Additionally, gulls that were sitting in an area known not to contain nests were
considered standing. The third count group were Pairs: An obvious gull pair, in which
one bird is sitting/incubating. Combining the totals for Incubating and Pairs were used

to count the number of nests for each islet.If it was uncertain if a gull was sitting or
standing, it was considered Incubating. Results from the pilot study showed that
combining? 4 OET UUED O~ Ow? ( OE @dnsisiearprovidds the clodestE B U U 2
match to nest numbers obtained by ground counts.

For counting, most images were enlarged to 200% of the original resolution (this va ried
between 150¢ 300%), and each image was systematically scannedide to side or up and
down in passes, and gulls were marked with the Count Tool to their corresponding

count grou p. Following this process, the entire image was scanned again for any missed
gulls. Gulls are remarkably camouflaged against the Negit Islet topography. Images
need to be carefully scrutinized to obtain an accurate count. The bright white heads,
clear-cut white neck and gray mantle, and overall shape of nesting gulls were useful

search images.

Determining whether a gull is standing or incubat ing can be a challenge and develops
with experience. Over the past seveaal years | (Nelson) have counted thousands of gulls

from images, and have been able to ground truth my aerial photo-based plot-counts



Page| 11

with ground -count tallies of nests within the plots. Useful characters | associate with
standing birds is that their bodies are angled upwards and the white circles of their
breast show prominently . Incubating birds are often nestled down in nests with thei r
gray backs showing prominently (Fig. 5). Some postures appear somewhat intermediate
and require extra scrutiny . If the observer remains uncertain, they are considered

incubating .

Figure 5. Sample of standing and incubating postuBigis marked with green staase

considered incubatinghey are nestled downith little or nobreast showing and their gray backs
areprominent The birdswith blue starsre stanihg: their bodies are angled upwardad/or

their shadws indicatea standing posture hEir white breasts shomoreprominentlyin most
anglesBirds with orange stars are somewhat ambiguous: their posture appears more upright than
those obviously ingbaing, or they may be seen to be standing over a nest.

Clutch Size and Reproductive Success

Reproductive success (the average number of chiks successfully fledged per nest) has
traditionally been measured through site visits to the sample plots to count the number

of nests in May, the number of chicks per plot in July, and to measure the post
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banding/pre -fledging mortality rate. With the clarity and success of aerial photography,
this project has been shifting to aerial photography to measure populatio n size and
reproductive success due to the major benefits of aerial surveys Theseinclude
eliminating disturbance to the gulls and reduced logistical and safety concerns of
ground surveys. In recent years reproductive successdata have been measured through
both plot visits and aerial surveys to gather information on how the t wo methodologies

compare to enable theswitch of calculating reproductive success entirely by air.

Following completion of the nesting season this fall , plot fencing was removed. It is not
needed for aerial chick counts and is an unnecessary burden to have remain on the
colony. Corner and side posts which formally supported the wire fencing remain, as
these are visible in aerial photography for plot boundary determination (weed cover
could potentially obscure plot posts). Results of both ground and aerial surveys

measuring reproductive success(i.e. chick counts) are presented in Table 1.

Chick Count Surveys: We sampled 7 fenced plots on two Negit | slets to esimate clutch
size and sampled 9 plots on three islets to measure reproductive successin 2019. Six
fenced plots measuring 10 x 20 m are located on the Negit Islets (fouron Twain, two on
Little Tahiti) and another plot approximately 20 x 20 m is located on Little Tahiti. T wo
smaller rounded fenced plots approximately 100 -120 m2are located on Coyotelslet of
the Padha Islet complex and were sampled entirely by aerial photography (clutch size
was not measured). Average clutch size for the Negit Islet plots was estimated by

countin g the number of eggs per nest for all nests within the plots in late May.

On July 4 and 10 2019chicks within the Negit Islet sample plots were counted by site
visits. Due to close proximity to an active Peregrine Falcon nest, chicks in the Cornell
plot w ere not counted on the ground but results were obtained by aerial photography .

In some plots older, mobile chicks were temporarily corralled into holding pens wi thin
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the plot in order to obtain an accurate count. Un-corralled chicks were tallied, and then
corralled chicks were counted as they were released.This temporary corralling was

used during banding efforts in past years. Chick count trials conducted in 2016 in which
volunteers visually counted chicks within the plots using tally meters (i.e. no corralling)
consistently underestimated the actual totals when chick concentrations were relatively
high. Thus temporary corralling would be necessary to obtain an accurate count in plots
with moderate to large numbers of chicks. Plots with very | ow chick numb ers (under
about 20), corralling to aid in counting was unnecessary. Two to three observers would
independently count chicks (whether in low density plots or the number of un-corralled

chicks) severaltimes. If our counts matched, they were considered accurate.

Aerial Chick Survey: On July 8 Nelson photographed all plots from the open window
of a Cessna TR182 flying above the lake using a fixed 300mm lens. Using the count tool

on Photoshop, chicks, standing adults, and brooding adul ts were each tallied.

Calculating Average Reproductive Success: The post-banding mortality count
(counting the number of dead, banded gull chicks which had been banded in early July
to measure the postbanding mortal ity rate) was dropped in 2017 and instead the mean
long-term post-banding mortality rate obtained from 2000 ¢ 2016 datais used An
analysis showed that the post-banding mortality rate i sfairly constant and contributes
relatively little to the overall annual reproductive success estimate. Thus counting
chicks in July and applying the long -term average postbanding mortality rate is an
excellent way of estimating overall reproductive success while reducing the disturbance

and efforts of banding and mortality counts .

We estimated the fledging rate for each plot, and, applied th e average fledging rate to
the entire population to estimate the total number of gulls successfully fledged from

Mono Lake in 2019. The fledging rate for each plot (fplot) is calculated as:
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fplot = (Cbt Cd) / Np

where Cb is the number of chicks counted in that plot in July, Cd is the number of
chicks from that plot that were estimated to have died after being counted in July
(obtained using the long-term average post-banding mortality rate of 13.2%applied to
the number of chicks counted in July), and Np is the number of nestscounted in that
plot in May. We calculated the total number of gulls successfully fledged (F) from Mono

Lake as:

F= (N/P)g fi
i=1

where N is the total number of nests on Mono Lake, P is the number of plots, and fi is
the number of young fledged per nest in each of the fenced plots. In years such as 2019
in which the average fledging rate for the Paoha Islets (which represents less than %6 of
the total population ) is considerably lower than the rate for the Negit | slets, it is prudent
to adjust the lakewide average reproductive success estimateto eliminate the bias
caused byover-sampling the Paoha Islets, which frequently have much lower
reproductive success than the Negit Islets. This correction is done by multip lying the
average fledging rate for the Negit and Paoha Islets by their proportion of the
population, and combining the totals. In 2019,the ground chick count s were used to
calculate the average reproductive success, though aerial results are presented irthe
Results section belowand may be used in the future. Overall chick production is
estimated by multiplying the average reproductive success by th e total number of nests.

Results are presented with plus or minus one standard error.

Calculating Reproduc tive Success using Aerial Data in the F uture: Unlike nest count
results, chick count results obtained from aerial photography generally produced

results which were considerably lower than ground count s. Very small chicks, those



Page| 15

brooded by adults, and those obscured by vegetation are missed in aerial photography.
In the three years of available comparativ e data, the average accuracy oferial plot
counts compared to ground plot counts varied between 41% and 101% (Table 1
Appendix 1). This variation is likel y due to vegetative cover, the relativ e proportion of
very small chicks, topography, and perhaps photo quality /angle. In 2019 aerial chick
counts were quite accurate, likely due to the large size and advanced ageof the chicks.
In 2019 there were no very snall or downy chicks in the plots , which is unusual. To
maximize chick detection, aerial surveys should be conducted immediately prior to the
first fledge dates, which happen about the third week of July.

Table 1. Comparison of chick counts obtained from ground surveys and aerial photography.
Accuracy is the combined average of aerial totals divided by the ground totals for each plot.

Also provided is the average reproductive success value (RS) calculated with ground based and
air based count data, including aerial nest counts.

2016 2017 2019

Avg.

Plot Ground Air Ground Air Ground Air Accuracy
Corn 55 38 4 0 2 2 85%
LT ea 28 17 0 0 1 1 87%
LT we 71 26 19 6 26 16 43%
Tw We 65 24 26 16 65 59 63%
Tw No 17 7 25 9 21 15 50%
Tw So 31 18 5 2 26 18 56%
Tw Nw 48 13 23 11 57 42 50%
CH 13 13 4 2 - 8 75%
CcC 23 16 8 6 - 5 72%

0.23 0.12 0.41

RSvalue 0.57 41% 0.23 55% 0.40 101% 66%

Using aerial counts in the future to calculate reproductive success will produce a rough
estimate that likely reflects between 40%¢ 100% of the actual value. A regression
analysis indicated that adding the number of brooding adults present (or half the
number of brooding adults) in the plot to the chick counts was not helpful in improving

the accuracy of theaerial chick count results (Appendix 1) .
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RESULTS

Number of Nests and Breeding Adults

In 2019 a lake-wide total of 11,075 California Gull nests were counted, yielding an
estimated population of 22,150nesting adults. This is the lowest ever recorded overthe
course of this study (Fig. 6, Appendix 2). If the total estimate was increased by 4% (the
amount that 2016 aerial photography underestimated the popu lation compared to
ground counts), the result would be similar with an estimated 11,518 nests. The past
four consecutive years have each contained the lowest population size recorded and
the population size today is less than half of the long-term average recorded before the
start of this recent plunge. The long-term mean population size over the course of this
study is 44,869 + 1493 (1983018,n =36 years), and the long-term mean before the start
of the recent population drop in 2016is 46,395 + 13241983t 2015,n =33years). The

mean population over the past 3years (20164 2018) isonly 28,080 + 2356

The number of nests counted in 2019represented a relative decline of about 10%
compared to 2018 nest numbers, which was the previous low by a substantial margin .
Java Islet Piglet Islet, and Old Marina and Negit Islands continued to be abandoned in
2019following Coyote presence in recent years. Steambaat continued to decline sharply
in nest occupancy. In 2013 it hosted 1,175 nestand by 2019 only 120 were counted
(Appendix 2).

Ninety -one percent of the gulls nested on the Negit Islets and $ nested onthe Paoha
Islets (Figures 1-3, Appendix 2). The number of nests on Twain Islet was about the
same this year as it was in 2018, and the number of nets on Tahiti and Pancake islets
both declined over 30% compared to 2018 totals.Of the individual islets, Twain was the
most populous, supporting 7,601, or 69%, of the lake-wide total number of nests. This is

the highest proportion of the population record ed nesting on Twain. Little Tahiti and



Page| 17

Coyote islets were the next most populous islets, containing 1,230 (11%) and 673 (6%) of

the nests respectively.

Figure 6. Number of California Gull nests at Mono Lake, 1983 ¢ 2019 with trend line.
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Clutch Size

In 2019, theaverage clutch size recorded for the Negit Islets was slightly above average
at 2.03+ 0.04eggs/nest (range = 13 eggs,n = 311 nests). Overall, 1% of the nests
contained one egg, 46% had two,and 19% had three. The average clutch size for Mono

Lake since 2002 1t = 16 years) is 1.9& 0.04eggs/nest.
Reproductive Success

The Negit I slet plots averaged 44+ 6 nestsper plot, with an average nesting density of
0.21+0.03nests/m2 The Negit Islet plots fledged an average 0f0.47 £ 0.1Zhicks per

nest. The Paohalslet plots averaged 33 *+ 8nestsper plot and averaged 0.17+ 0.10chicks
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fledged per nest. Nest density on the Paoha Islets is uncertan due to the irregular sizes
of the plots. Combining the 9 plots evenly averages0.404+ .10fledged chicks per nest,
however, this result biases the lakewide result downwards becausethe Paoha Islets,
which represent under 9% of the population but 22% of our sample, have very low
average reproductive success. Theadjusted average reproductive success(see methods,
above) is0.443 £ 0.1Table 2.

Table 2. Summary of nest and chick counts from all pl ots using ground surveys in 2019.
Values presented with an asterisk * were collected via aerial survey. The final average

reproductive success value marked with double asterisk ** was corrected to avoid over
sampling bias of the Paoha Islets (see methodsabove).

#nests .Avg. # chicks # estimated _todie Total
Plot in May ch_lcks/nest in July b_efore fledging (# successfully
in July in July x 0.132) fledged/nest
Cornell 40 0.05 2% 0.26 0.04
L. Tahiti East 18 0.06 1 0.13 0.05
L. Tahiti West 50 0.52 26 3.43 0.45
Twain North 41 0.51 21 2.77 0.45
Twain South 37 0.70 26 3.43 0.61
Twain West 66 0.98 65 8.58 0.85
Twain New 59 0.97 57 7.52 0.84
Negitlslet 319 054+ .14 108 3.73+1.23 0.47 + .12
totals/averages:
Coyote Cove 25 0.20* 5* 0.66 0.17
Coyote Hilltop 41 0.20* 8* 1.06 0.17
Paohalslet g6 0.20+0.20 13 0.86 + 0.20 0.17 + .00
otals:
tot;‘l"‘s'jz:’/";‘:aeges 377 047+ .12 211 3.09+1.0 09412,4;.'11&

No wing droop was observed this year (see Nelson 2018), and all chicks appeared

unusually large and healthy. No small downy chicks were present in the plots this year.
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Based onthe total of 11,075California Gull nests counted in late May, and an average of
0.443 = 0.1khicks fledged per nestin the sample plots, an estimated 4,909+ 518 chicks
fledged at Mono Lake in 2019. This is the third lowest estimate in the history of this
project. The long term average chick production between 1983 and 2018 is 20,480 + 1838
(n = 36years) and is calculated for the Negit Islets only from 1983 - 2002, and Negit and

Paoha Islets combined since 2002.

DISCUSSION
Population Size

The nesting population size of California Gu lls at Mono Lake has bee in decline since
about 2004 and since 2016 thenumber of nests has plunged at a rate much greater than
the trend line (Fig. 6). The primary factor associated with the extremely low California

Gull p opulation at Mono Lake in recent years is Bassiahyssopifoliaencroachment.
Bassia Encroachment

Beginning in 2016 this Eurasian invasive weed, as well as other weedy specieshave
exploded on the gull colony and are now estimated to cover 70%or more of the Negit
Islets (Nelson 2017,Nelson 2018, Fig. 7, 8; aerial photo archives The unprecedented
declinein, OO O w+ E O populatioh tecp@led in the past four years parallels the
significant loss of nest site availability due to weed encroachment. Aerial p hoto
documentatio n shows large patches ofBassiaappeared on Twain and other Negit Islets
beginning in 2016(small amounts were present previously ). In the late summer of 2017
Bassiaagain exploded on the Negit Islets and Twain Islet in particular, resulting in  vast
and rapid ecological change on thelandscape (Nelson 2017, Nelson 2018, Fig. ¥ Areas
of Twain Islet which previously contained no vegetation and hosted very high nesting
densities were suddenly replaced with weeds including areas of waist-high, nearly

impenetrable massesof Bassige.g. Fig. 8. Although Bassias an annual, the dead
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carcasse of the plants persist for years, such that nest site availability continues to

decline with each seE U O &dditional gro wth (Nelson 2018, Fig. 9. Figures in the 2017

and 2018annual reports (Nelson 2017& 2018) illustrate several? ET1 | OUI wEOE wET U1 U
images of Bassiaengulfing areas of the Negit | slets which were previously open and

contained very high nest densities.

Figure 7. Twain Islet in 2015, 2016, and 2019 showing developmeB&ssiacover. In 2015Bassia
and other weeds were absent on Twain with the exceptia small patch of ded@hssiaindicated with
the yellow circle Bassiagrowth exploded on Twain in 2016, 2017, and 2@&ignificantly reducing nest
site availability Oct. 2019 photo courtesy R. DiRao

Unlike 2018 when new Bassiagermination was limited (though thick masses of dead
plants from 2017 growth prevented gulls from nesting in many areas , e.g. Fig. 9, in
2019 aerial images and site visits clearly show hat Bassiaand other weeds again
germinated in abundance and flourished. Fortunately much of the 2019 grow th overlaid
older growth (e.g. Fig. 9), so that invasion into new areas was limited, however it did

occur. Bassiavas also common on Piglet Islet this year, which is an islet within the
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Paoha Islet complex where Bassighad not been previously documented in significant

amounts.

Figure 8. The West &le of Twain Islet in Septemb@019. The mass of gre@assiaweeds represest
new2019 growth

Figure 9. West fiore of Twain Islet in July 201&8nd May 2018. Bluand yellowstars indicate matchg
landmarks. Little nevBassiagrowth germinated in 2018 as indicated by tluk laf green vegetation, but
dead yellow plants from 2017 growth still providedaarter for nesting gulls. In 201@assiaagain
geminated abundantly though fortunatieliargely grew within the existing footprint of previously
coveerd areas





















