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trol methods {plowing, 1 i - bri i

oo gly[;)h()sati). Mnowing) or broad spectrum herbi-

Integrated methods of vegetation management should
always be considered when planning nonnative plant con-
trol programs, and are essential for long-term control. Ouy
models indicate that no single management method will blI
adeq.uate for controlling fennel in all habitats, with the
possible exception of biological control. But bec’ause ther:
af'e no known biological control agents for fennel, 2 com-
bm'atlon of herbicides and cultural methods will l;e need-
gd in any comprehensive fenne] management program that
is undertaken in the Channel Islands. ‘

. To avoid an explosion of fennel (or a similar expan-
sion of another nonnative species) such as what occurred
on Santa Cruz Island, it may be necessary to reduce th
number of grazers in a gradual fashion on other islands ICIz
grazers are to be removed over a relatively short period.of
time, management programs should be designed to sup-
press outbreaks of nonnative species before they becong)e
unmanageqble. In the end, the most effective way to man-
age nonnative plants is to prevent them from reaching lev-
els where management is required, Once the need for
management is recognized, it is probably too late for full
control to ever be achieved.
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Abstract. Four seasons of field data on fennel
(Foeniculum vulgare Mill.) removal and non-fennel plant
species recovery, taken from experimental plots on Santa
Cruz Island, have been collated and the results are the
subject of this discussion. The most effective methods of
reducing the percentage of fennel cover were (1) digging
out and removing the fennel from the site, and (2) using
an appropriate herbicide after cutting. The other 3 manip-
ulations involved the one-time cutting of fennel, with the
removal and non-removal of the resulting litter, and a cut-
ting regime of spring cut and re-cut in summer with litter
removal.
There were no significant differences in the fennel
cover of the 3 cut treatments after 4 seasons, and the
cover was only slightly less than in the control. The non-
fennel biomass regeneration in all treatments, particular-
ly the dig and herbicide treatments, favored nonnative
species. Native species regeneration was most prominent
in the cut-and-remove treatment, but the number of native
individuals was too small to draw a well-founded conclu-
sion. The allelopathic potential of fennel and its synergis-
tic potential with nonnative species such as Bromus
diandrus need to be investigated in terms of inhibiting the
germination and growth of native species. Also, the
effects of a fennel mulch in inhibiting fennel regenera-
tion, as indicated in our research, bears further investiga-
tion. In researching recommendations, the focus has been
not only on the effects of the treatments on fennel growth
and development, but the treatment’s effects on the allelo-
pathic potential of fennel. Our goal is not just to eradicate
fennel, and to have it replaced with another species that
may be just as noxious and problematic; it is to better
understand the conditions that favor a succession of
native species that can replace fennel, and how much
external input is required to coax that succession. Native
species enhancement is one possibility. The main conclu-
sion of the study is that restoring areas of fennel infesta-
tion to native species will need to be a project with a
long-term successional outlook.

Keywords: Central Valley; Santa Cruz [sland; fennel; noxious weed;
allelopathy; succession; native species; enhancement; restoration.

Introduction

Fennel is an erect perennial herb in the family
Apiaceae. Its leaves are pinnately finely dissected and
thread-like. The plant attains 1-2 m in height and has a
white powder coating on the stem. It blooms May to
September, and the small, yellow flowers and occur in
glaucous compound umbels of 15-40 rays. The fruit is
laterally compressed, 5-ridged, and has a large single
resin canal under each furrow (Anonymous 1926).
Originally from the Mediterranean, fennel has become an
aggressive invader in the western United States. The plant
is common in heavily disturbed areas, especially in south-
ern and central California where it has now naturalized
(Hickman 1993).

Fennel was introduced to Santa Cruz Island in the
1850s (Beatty and Licari 1992) along with the importa-
tion of sheep and pigs. Prisoners Harbor is thought to be
the point of entry. This invasive nonnative now grows
abundantly on Santa Cruz Island, crowding out native
vegetation in most of the places it grows.

Santa Cruz Island, in the northern chain of Channel
Island off the California coast, is located 30 km southwest
of Santa Barbara. It is approximately 38 km in length,
averages 10 km in width, and covers an area of 249 km>
The climate is Mediterranean, with mild temperatures,
rainy winters, and dry summers. The interior central val-
ley averages nearly 500 mm of annual precipitation
(Minnich 1980). The largest of the Channel Islands, it
harbors a variety of plant and wildlife, including at least
9 rare or endangered plants and 31 species of plant life
believed to be found nowhere else in the world other than
the northern Channel Islands (Anonymous 1988).

The island has been subjected to intense overgrazing
by sheep, pigs, and other introduced domestic animals for
more than a century. Historical records indicate that graz-
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1{1g, mostly by sheep, became important aroung 1850 at
tlm‘e when these activities were widespread in the Coa:t (11
p:ams and mountains of southern California (Miﬂniczlll
1)78; Brumbaugh 1980; Coblentz 1980). Herds incre d
rapidly (o tens of thousands and had so much‘im ‘q'se
the Yegetation that Santa Cruz Island was “rava PZC’L by
lt]l;e tun? a sutr)vey was done in 1875 (Wheeler }8’;6g)e Suc[zl):
avy disturbance of the native v [ati h
for invasion by nonnative specieegsetsq;l]c(;ln gs Vg](i oy
grasses l.'hat now heavily dominate the once morea o
mon native perennial bunch srasses. It is of inter st
note, ho'wever, that fennel only became problemati eStf .
the grazing animals were removed from the ishudc‘ \ ;]el‘
late 1980s. According to Orrin Sage (1993 per; co .
I)v9}1809 s;l}ll)ervised the removal of cattle frori] thc;'islal:é;lﬁl’
» the worst patches of fenpel
gfazing animals created the mostz'1 rgigtimzllzcczt'eclll(:}/(};iere
?:xeasj Wwatering holes, and the flatier areas throuéhout tﬁi
wzit[:;fz/éltllley.’SlLeep and cattle find fenne] palatable and
Ive 1n keeping fenne i
now grows in dense stgands, i]tsgrr(e)l‘git(}; I;)S::; ; Fer'll?le I
threatening some natjve island plant populations poy
e Il:}l;?urrimé)gsi eorfv 2sll;iep étlr]]d cattle was arranged for by
.of a.H but the eastern 10%}),,0f thrr: ?stlz?lxi{l?\flsar?;l de$ anta i
11;}[/1 13. gearfsd t(}ward preserving and reston'nggthe i?oﬁ)(jgl-
1versity of native s ecies, e i i o
spec.ies, while discourzll)ging thsepescpiféil);ls(])?nisgde?u .
specm.:s. Fennel has become a major concern, and onna ing
experimental research ig being carried out ’to detego%ng
thfa most effective strategies for combatting the s rer TLUDB
this undesirable nonnative. The following expirixaneof
tv}vlas set.up b.y Natural I.{istory Field Quarter students fro?n
e University of Californja at Santa Cruz (UCSC) in

methods to herbicide, as was proposed by The Naty

Conservancy, in an attempt to rid Santa Crug, Island T‘;
fennel. Data have been collected biannually, 1990 ;1 9 3
undc_er the guidance of SR. Gliessn’lan ; o~
Environmental Studies Board at USCs, o the

Methods

. The field experimental design consists of 4 replicates
0 e'ach of thf: 6 treatments in a randomized block config.-
;;atlon, malfﬂng a total of 24 experimental plots (Fig lg)

€ array of 5.4- X 15-m plots was located i \tral
ted in the Cent
r}/ﬁlley on Santa Cruz Island, Just west of the Main Rancrl?]
Wee plots. we;e set up on 2 May 1990, The treatments'
re assigned to the 4 replicate pl i
. plots using a rand
numbers table, The manipulations decided upon were'om

; - Control—I eave fennel untouched
- Cut and leave cuttinoes .
ithings—The fennel wag
and left on the surface as mulch. it down

.[ | -
o "
N
i . l-
I
T

tF]lgure 1. Random fennel treatment assignments on experimen
S?Zcp(l)?ts, szulllla Cruz Island, May 1990-September 1993. The
cach treatment measures 5.4 x 15 .

i . m. Treatments are
lcontro{—]eave fennel untouched; (2) cut and leave cutlir:Cs(I)
.cavc fennel on the surface as mulch; (3) cut and removegc;
tmgls—remove plant material from treatment; (4) dig—dig ou;
root system and remove from trea ,

0 ment; (5) cut and
bicide—cut fennel and spr; ( d oy her-
. Spray stalks; and (6) cut and

: . remove cut-
lings twice—repeat treatment Spring and Summer, .

3. Clg and remove cuttings—The fennel was cut down
led rpﬂl;l;t material was removed using a pitchfork
4, Qig-Each fennel plant was dug with picks and
pickaxes taking as much of the TOOt system as i
ble, and removed from plots. possE
5. Cutand apply herbicide—The plot was cut and th
sprayed with Roundup® at the manufacturer’s rzn
ommended dosage, or standing crop of fennel w .
sprayed without cutting, ®
6. sz’{/lg cut, summer cut, and clear—The fennel wag
cat in May and litter removed. Then, regrowth was

cut down in August, and all fi i
g ennel litter removed by

These treatments allow an assessment of (a) th
effec?ts on fennel biomass, (b) the effects on the alle] ;
path{c potential of fennel, (c) the ability of nonnaf' o
spfzgles to set up and maintain dominance, and d) :}‘:e
ability of native species to establish themsel’ves )
. Cutting (Treatments 2 and 3) was chosen ;zs a rel
tively f:heap and easy way to knock down fenne] withet}fl-
potential for larger-scale mechanization with hand h lcfi
cutters, or even a tractor-mounted mower. The differ-e N
betyveep the 2 treatments—Ileavin g the litter as opposecrl1 fe
raking IF up and removing it-—wag intended to monit ;
the possible allelopathic effects of a fennel mulch on o
growth of both fennei and non-fennel biomass. Dj ving
(Treatment 4) wasg applied under the assump;tionggt;ln%
re‘mc.)vallof the taproot system would be quite effectiv i

gi:rtnhmatmg ]ffilmlel growth. Treatment 5, cutting foHo:felg

¢ use of herbicide, was chosen i i

an.d.thorough method of eradicatioans, ﬂé:éiﬁ;ﬁ)’éqtllck
originally designed as a burp treatment. But, due tov:f?s
extremely dry conditions caused by years of c’irought th:
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Figure 2. Changes in percent cover in the fennel experimental
plots on Santa Cruz Island, August 1990-September 1993,

potential for starting a brush fire was deemed too great,
and the idea was dropped. (Data subsequently taken from
an accidental burn site at China Harbor by Susan Beatty
will be mentioned later in this paper.) It was decided to
run another allelopathic test treatment. The fennel growth
that occurred after the first cutting in May would be cut
and removed again in August before the winter rains
could leach toxins from the fresh growth into the soil.
Fennel data collected from the field in both spring
and late summer/early fall of all years measure the per-
cent cover of each treatment as well as height, number of
clumps, and number of stalks per plant along the tran-
sects. Fennel cover (Fig. 2) was calculated by measuring
the amount of open space along a diagonal transect
bisecting each treatment. The open space was calculated
into a percentage of the transect, and the remainder was
taken as the percent cover of fennel. On the transect, the
number of clumps (plants) was tallied and for each plant
that was touched by the transect, the number of stalks was
recorded. To complete the picture, the height of each
plant was measured.

Non-fennel data consist of the documentation of
number of species and individuals taken from each treat-
ment. The non-fennel biomass was recorded as both num-
ber of individuals and number of species (Table 1). The
native species were then separated from nonnative
species and recorded separately. All non-fennel biomass
was returned to UCSC and dried at 70° C for 48 hr then
weighed. The weight of non-fennel biomass and the aver-
age weight per individual were calculated. Non-fennel
biomass collection changed in response to increasing
abundance of non-fennel biomass. Three subplots per
treatment were randomly chosen each season and the
non-fennel biomass sorted into species, counted, dried,
and weighed. However, the subplots varied in size over

the years, due to the sheer numbers of individual plants in
some subplots. Subplots varied in size, from 0.25 m?® to
0.50 m* to 0.75 m?® to 1.00 m% All measurements have

been standardized for this report.

Results

Fennel cover

Treatment 4 was most effective in preventing fennel

regrowth throughout the experiment (Fig. 2). Treatment 5
was also very effective initially, but required repeated
applications of herbicide to keep the fennel back. The
original application of Roundup® to cut stalks in May
1990 was effective in reducing fennel cover to 21.7%
(Aoki 1990), but by August 1991 the fennel had recov-
ered well. This resulted in the highest percent coverage of
all treatments: 88.5% (Granath 1992). Roundup® was
reapplied to cut stalks in August 1991 with lLittle effect
(see Fig. 2), and again, but to foliage, in May 1992. The
May 1992 application, applied to foliage, was effective in
reducing the cover to around 15% through May 1993. It
is apparent that applications of the herbicide to the foliage
provide more effective translocation of toxins to the root-
stock than do applications to cut stalks. Also, it appears
that the herbicide is more effective when applied in the
peak growth period of the plant. Additionally, the use of
a surfactant that allows the herbicide to adhere to the
plant may increase the effectiveness of the treatment. It
remains to be seen whether there will be another resur-
gence of fennel growth in this treatment. The other 3
treatments—2, 3, and 6—all showed a significant reduc-
tion in percent cover after the first treatment. However,
all 3 treatments followed a similar pattern of vigorous
regrowth so that by May 1992 they all showed a slight but
not significant reduction in terms of the control despite
repeated treatments. Additionally, these 3 treatments
show almost identical patterns of fluctuation in regrowth,
indicating a similar response to physical factors.

Associated species

Average numbers of individuals/sq m decreased
markedly from 1991 to 1993 in Treatment 1, and only
slightly from 1992 to 1993. In 1992 both the weight/sq m
and the average weight/individual increased only to
decline again in the 1992-1993 period. This result indi-
cates the continual crowding out of associated species by
the fennel as it progressively established dominance from
1990 onward. The 3 cut treatments (2, 3, and 6) showed a
continued increase in non-fennel biomass. Increases in
fennel biomass were fairly consistent in these 3 treat-
ments in 1991-1992. However, in 1993, the increase in
Treatment 2 was 235% compared to an increase of 84%
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treatment in August removed the only major vegetative
cover, fennel regrowth, opening up the treatment to the
intensity of summer solar radiation. All 4 replicates in this
tr.eatment appeared to be drier and were devoid of peren-
nial species except around the edges where some shading
was present from adjacent plots. It appears that this treat-
ment creates too much disturbance to allow regeneration
of perennial native species during the spring and summer
seasons. Very little competition during the season of max-
imum growth could account for Treatment 6 having a
slightly higher percentage cover of fennel than the other
cut treatments. The average number of native individuals
in the Treatment 4 increased from 2.50 to 3.75, then
plummeted to 0.25 in 1993. The increase and subsequent
drop in the number of native individuals is probably

reflective of the nonnative species establishing domi-

nance over native species as they competed for the

opened system that the dig treatment created. The number

of species/m? rose from 1.00 in 1991 to 2.00 in 1992, and

fell back to 1.00 in 1993. Treatment 5 failed to produce

any native individuals in 1991 and 1992. However, in

1992, averages of 1.25 individuals/m* were recorded, as

were 2.00 species/m? These results indicate a similar s,ce-
nario to the dig treatment. (All species and their abun-
dance are recorded in Tables 1a and 1b).

Diversity

The Shannon/Weiner Index of Diversity was used to
determine relative diversity of species among the 6 treat-
ments (Table 3). The control treatment was calculated to
have the lowest diversity. Additionally, this treatment
recorded the lowest evenness (distribution of species) and

lowest richness (number of species present). Treatment 4
returned the highest diversity index owing to the best
evenness count and a high nonnative richness. However,
the native richness count was very low. Treatment 2
recorded a moderate diversity figure due to poor evenness
and only average nonnative richness, but showed good
native richness. Treatment 6 showed a slightly better
diversity rating than Treatment 2 and the second-highest
richness, but the poorest nonnative richness and zero
native richness reduce its rating. Treatmment 6 produced
the lowest diversity index of all the active treatments, due
to consistently poor ratings for evenness, nonnative rich-
ness, and a native richness of zero. Treatment 3 had the
second-best diversity, with good evenness, the highest
nonnative richness, and the best native richness.

Discussion

Drastic measures can be taken to reduce fennel bio-
mass on Santa Cruz Island. Digging the fennel out below
the crown, and the application of Roundup® are the 2
most effective methods of immediately reducing fennel
biomass. But is there an urgency to do so, and what is the
goal of fennel management?

If reducing fenne! biomass is the only aim of a fen-
nel-management plan, then either of the above methods
would be satisfactory, although each has significant draw-
backs. Digging the fennel out is possible using a cutting
tool dragged behind a tractor that moves along 4-6 in.
below the soil surface (Gliessman 1993, pers. comm.).
This is by far the most effective way to remove fennel,
but it also creates the greatest impact in terms of ecosys-

Table 3. Diversity index of associated species i i
pecies in the fennel experimental plots on Santa
Cruz Island, May 22, 1993. (Note: Higher numbers are more desirable.)

_ L Richness® Richness
Treatment Diversity Evenness® (Nonnative) (Native)
Control 0.647 0.467 4.00 0.50
Cut 1.076 0.510 8.25 0.50
Cut/Remove 1.187 0.521 9.75 1.00
Dig 1.552 0.690 9.50 0.25
Herbicide 1.038 0.515 7.50 0.00
Cut/Rem x 2 1.092 0.572 6.75 0.00

a
. . . b
Shannon/Weiner Index of Diversity Evenness = distribution between species

C 5.
Richness = number of species present.
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tesn disturbance. Herbicide does not cause as much phys-
ical disturbance, but causes serious biological distar-
bance. (Additionally, repeated applications seem to be
required.) The results are the same: any existing native
species are destroyed, and the system is opened to the
invasion of nonnative species that are more able to com-
pete for disturbed areas. Ripgut brome (Bromus diandrus)
and yellow star thistle (Centaurea solstitialis) are just 2
examples of noxious weeds that are replacing the fennel
in the experimental plots under these 2 treatments. The
major problem with these treatments is that, under this
regime of disturbance, we are encouraging the replace-
ment of 1 invasive, noxious weed with another that may
become just as great a problem in the future. Burning fen-
nel, another heavy disturbance method suggested as a
possible solution, is not effective in reducing fennel bio-
mass, but actually promotes it. “My conclusions are that
performing prescription burns in island vegetation that
contains fennel will enhance the colonization and estab-
lishment of fennel, and perhaps harm the recovery of
native vegetation in the process” (Beatty 1992).

Conversely, we are seeing 4 more consistent appear-
ance of native species in the low-impact plots where fen-
nel is merely cut and removed or left lying. The numbers
are small, but the emerging trends are very encouraging
{see Table 2). There are a greater number of both individ-
uals and species showing up in Treatments 2 and 3. The
fact that in Treatment 6 fennel is cut twice and the litter
removed may be too much disturbance and is affecting
native species regeneration. Simply cutting the fennel
once in May causes minimal disturbance to the ecosystemn
while removing the shading effect and reducing seeding
potential. Removing the litter reduces the allelopathic
potential of the fennel, while regrowth offers some shad-
ing, hence soil moisture retention and protection for
native seedlings. This plan of action seems t0 favor the
regeneration of native species. Additionally, assistance
could be provided in the dispersing of native seeds, since
most are wind dispersed and their eventual siting is
extremely random.

A multiplicity of factors affects the establishment of
vegetation types: soil profile, aspect, history, and rainfall,
to name a few. The explosion of fennel on Santa Cruz
Island has coincided with not only the removal of live-
stock from the island, but the ending of a 5-yr drought
(Fig. 3). Only 4 yr have passed since livestock were
removed from the island and fennel became a nuisance.
This is an extremely short time in terms of succession.
With the relief of grazing pressure from the grasslands,
some of these areas are likely, eventually, to return to
chaparral or oak woodland. Both vegetation types
exclude fennel (Beatty, 1992). Asurvey of the floristics of
Santa Cruz Island indicates that the area of the Central
Valley where the fennel experiment is located may have
been an oak woodland before grazing activities began.

inches

=

85-86 BG6-87 87-88 88-82 85-90 90-91 91-92 92-93
Average annual rainfall = 20 inches

Figure 3. Annual precipitation at Main Ranch, Central Valley,
Santa Cruz Island, 1985-1992.

Some successional activity is already evident by the
growth of a few coast live oak (Quercus agrifolia) just to
the north of the UCSC field station and behind the barn at
the Main Ranch (L. Laughrin 1993, pers. comm.). Oaks
exclude fennel from the area under the canopy, through a
probable alliance of shading and allelopathy. By way of
observation, some native species—coyote bush
(Baccharis pilularis), for example—are able to establish
themselves in extremely dense fennel stands and repro-
duce very successfully.

1t appears that fennel was best able to take advan-
tage of the huge change in ecosystem management and
weather that occurred in 1989. The question is whether
fennel can prevail in the long term as other species recov-
er from the effects of intense grazing and drought. My
feeling is that, as on the mainland, the fennel stands on
Santa Cruz Island will come under increasing pressure
from other species as succession progresses. My hope 18
that the stands will eventually become limited to areas of
prime fennel habitat: roadsides, washes, and drainages. If
desired, more intensive control strategies could then be
selectively applied.

Recommendations

In managing fennel, any human interference in the
system results in conditions that promote native species
to succeed fennel. A combination of cutting fennel and a
native species enhancement program may prove to be an
effective route to fennel management. However, more
study needs to be done. The existing experiment has been
expanded to include a native species enhancement exper-
iment to evaluate the effectiveness of a seeding progranm.
More research is needed on the allelopathic potential of
fennel, and its synergistic potential with other nonnative
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species .such as ripgut brome in excluding native species
These investigations should be Specifically directeci
to.warfi collecting data on the inhibitory effects on the ger-
m_l‘natlon of native species, Additionally, the inhibitor
§f1"ects of a fennel mulch on fenne| regrowth, ag indicateg
in Treatment 2, bears further investigation. S,uch an effect
may prove to be a useful too! in fennel management,

Conclusion

‘ The key concept is a succession of native species. A
fennel-management plan rooted in the promotion of tilis
concept supports the general Mmanagement plan of Santa
Cruz Island, the restoration aims of The Nature
Conservancy, and clearly makes sense. It may well be
possible to foster native species in the successional march
through a native seed enhancement program. However
suc_:cession takes time. We must remember that the vege—’
tation on Santa Cruz Island has been ravaged for well
over 100 yr by intense grazing pressure. It will take time
to recover. We cannot hope to “restore” the vegetation on
Santa Cruz Island in the near future, but we can assist in
the speeding up of the successional processes. As our
research indicates, a successful fennel management plan

must be based on a long-term, “low impact” approach—
a successional approach.

Acknowledgements. Special thanks to Lyndal Laughrin
University of California Reserve Manager at Santa Cruz,
Islapd; Rob Klinger, resident biologist, Santa Cruz Island;
Orrin Sage, principal, Sage Associates; and most of al] t<;
t'he. Natural History Field Quarter students who have par-
ticipated in the experiment described in this paper.

Dash, B. A. and Gliessman, S. R.

Literature Cited

Anonymous. 1926. Fennel. Encyclopaedia Britannica
14th ed. ’

Anonym.ous. 1988. Land Conservation Through Private
Action. Pamphlet. The Nature Conservancy, South
Pasadena, California.

Aoki, ME 1990. Fennel on Santa Cruz Island. Senior
Thesis. Board of Environmental Studies, University
of California, Santa Cruz.

Beatty, S. W. 1992. The interaction of grazing, soil dis-
turbance, and invasion success of fennel on Santa
Cruz Island, CA. Final report submitted to The
Nature Conservancy.

Beatty, S. W., and D. L. Licari. 1992. Invasion of fennel
éFoeniculum vilgare) into shrub communities on

anta  Cruz  Island, iforni g
Toys o California.  Madrono
Brumbaugh‘, R. W. 1980. Recent geomorphic and vegetal
dynamics on Santa Cruz Island, California. In: The
California Islands; Proceedings of a
Multidisciplinary symposium (edited by D. M.
Power), Santa Barbara Natural History Museum
Santa Barbara, California, pp. 139-158. ,
Coblentz, B. E. 1980. Effects of feral on the Santa
Catalina Island ecosystem. In: The California
Islands: Proceedings of a Multidisciplinary
Symposium (edited by D. M. Power), Santa Barbara
Natural History Museum, Santa Barbara, California,
pp. 167-170. ,
Granath,.T. 1992. Fennel on Santa Cruz Island. . . year 11
Ser'uor Thesis. Board of Environmental Studies.

' University of California, Santa Cruz, ’

chkmap, I. C. (editor). 1993. The Jepson Manual

. Umversity of California Press, Berkeley. ‘

Minnich, R. A. 1980. Vegetation of Santa Cruz and
Catalina Islands. In: The California Islands:
Proceedings of a Multidisciplinary Symposium
Santa Barbara, California, Museum of Naturai
History, Santa Barbara, California, pp. 123-137,

Walters,‘ D. R. (editor) 1977. Native plants: a viable
option, symposium proceedings. California Native
Plant Society, Berkeley, California.

Wheeler, G. M. 1976, Annual report upon the geographi-
cal surveys west of the one hundredth meridian in
Cah'fomia, Nevada, Utah, Colorado, Wyoming, New
Mexico, Arizona, and Montana. Appendix JJ. U.S.
Government Printing Office, Washington, D.C,

The Fourth California Islands Symposium: Update on the Status of Resources
Edited by W. L. Halvorson and G. J. Maender. 1994. Santa Barbara Museum of Natural History, Santa Barbara, CA.

Removal of Feral Honey Bee (Apis mellifera) Colonies
from Santa Cruz Island

Adrian M. Wenner' and Robbin W. Thorp?

!Department of Biological Sciences, University of California, Santa Barbara, CA 93106
Tel. (805) 893-2838; Fax (805) 893-8062
*Department of Entomology, University of California, Davis, CA 95616
Tel. (916) 752-0482; Fax (916) 752-1537

Abstract. Of all 5 northern Channel Islands, only Santa
Cruz Island has had European honey bees, introduced by
a beekeeper more than 110 yr ago. Feral honey bees
spread over the island and apparently have reduced visi-
tation by many of the more than 100 native bee species
from much of that ecosystem. We began our feral colony
removal project in 1988. During the first 3 yr, we hunted
colonies and gathered background data on plant visitation
by honey and native bees. Feral colony removal began at
the end of the third year. More than 200 colonies have
been located, of which more than 150 have been elimi-
nated. Preliminary data indicate that native bees have
been rebounding with the release of competition from
feral European honey bees. After removal of sheep and
cattle, introduced sweet fennel, yellow star-thistle, hore-
hound, and yellow mustard experienced an explosive
range expansion, providing a virtually unlimited supply
of food for the remaining feral colonies on the eastern
half of the island. An anticipated arrival of parasitic mites
(Varroa) on the island will almost certainly help eradicate
the genetically uniform feral host honey bees, with no
injury to native bee or wasp fauna.

Keywords: Feral honey bees; Apis mellifera; Africanized honey
bees; native bees; ecosystem restoration; foraging ranges; nonnative
weeds; bee colony distribution; feral animal removal; biological
control; Varroa; Santa Cruz Island.

Introduction

The introduction of nonnative species often has dev-
astating effects on native plants and animals (Shafer
1990), sometimes causing extinctions (Atkinson 1989;
Howarth and Medeiros 1989). The control or elimination
of nonnative species is, therefore, essential if one is to
restore and retain species diversity (Soulé 1990). Removal
of nonnative organisms from parks and preserves is also
viewed as a necessary move to preserve a sound ecosys-

tem (Temple 1990). Even Charles Darwin (1859) recog-
nized the apparent impact that nonnatives can have, in his
observation that the introduced European honey bee (Apis
mellifera) was “rapidly exterminating the small stingless
native bee” on the Australian subcontinent.

We now enter our seventh year of a phased removal
of nonnative European honey bees from Santa Cruz
Island (Fig. 1), one-half of the island at a time. The fun-
damental question we address is “Will removing an intro-
duced insect species change habitat quality for native
plants and pollinators and also restore and/or increase
species diversity and abundance?” This experiment pro-
vides an exceptional opportunity to study the ecological
impact of this important nonnative species on the native
flora and fauna.

According to species diversity and equilibrium theo-
ry (MacArthur and Wilson 1967; reviewed by Shafer
1990), such a large island and/or island complex should
not have the remarkably depauperate flora and fauna it
now has. Only about 15 species of land vertebrates
(excluding birds and bats) have been found on the north-
ern Channel Islands, compared to 10 times that number
on the nearby mainland (Wenner and Johnson 1980).

Very likely a similar ratio holds for insects in gener-
al; for example, the approximately 100 species of native
bees represent only one-tenth of the number found in
California as a whole (in a wide spectrum of habitats),
with Santa Cruz Island having the richest diversity of
islands in the northern chain. Also, entire families of
insects commonly found on the nearby mainland have no
representatives on the islands.

Depauperate islands such as these can serve as test
cases (Shafer 1990). Santa Cruz Island (and nearby
islands) thus provides a simpler system than one can find
on mainland sites; it has discrete boundaries, known pop-
ulations of native species, and no possibility of repopula-
tion—in this case by the target nonnative honey bees
from proximate islands or from the mainland.
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