Manaaki
Whenua
,‘) Landcare
Research

Impacts of gorse seed feeding
biocontrol agents

Paul Peterson, Robyn White, Ronny Groenteman,
Simon Fowler, Richard Hill




Hypothesis

Are current levels of
seed predation caused
by biocontrol agents
sufficient to reduce
gorse cover on a
landscape scale?




Alms

* Complete a detailed assessment of seed
production at two sites by measuring:

- Seed predation
- Seed fall
- Seed banks

* Relate these data to a landscape scale model on
gorse cover published in 2001 by Rees & Hill.



Two sites - Palmerston North and Christchurch

Age mean = 9.7 years, Altitude = 140 m Age mean = 6.5 years, Altitude =450 m



Methods

Used a combination of empirical data and modelling



10 shoots were tagged on each of 15 plants per site...




... and green pods marked to measure seed production.




Pods were collected when
mature to assess seed |loss
due to predation.




Gorse seed feeding biocontrol agents

Gorse seed weevil Gorse pod moth

1931 1989



Seed fall was measured in seed trays and seed banks
estlmated from SOI| cores.




Modelling paper by Rees and Hill
2001) predicts changes to
landscape scale gorse cover under
various seed reduction and
management scenarios.
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Summury

1. Simulation and amalviicn] models were developed for porse Lier suropaens. The
simulation model incorpomted spatially local density-dependent competition, dis-
turbance, asyvmmelne compelthon belween seedhmpgs and estabhshed plimis, a seed
bank, local seed dispersal, an age siructured established plani populidion, and temporal
variation in the probability of disturbance. The analyvtical modsels were simple appros-
imations of the simulation.

L, The madels extended our previously published model for Scotch broom Cpniss
scoparius to include large-scale disturbances and possible management options, such
as the use of fire, herbicides and oversowing with perenisial grasses. Fire was assumed
toanfluence established plant mortality, seed survival in the seed bank, and the prob-
whihiy ol germimainm,

A Wereviewed published data on the demograply of gorse in Mew Zealand, the current
murnagemenl lechmoues, and the ongoing holomeal contml programme.

4, Crvgr g wide range ol bologically reasonable pprometer vilues, the analviical modeks
accurntely predicted the outcome of the simulations. The analvtical models worked
well. providing gorse cocupeed o high proportion ol the avanlible siles and large-scale
dhisturbainces did nol occor ton ﬁ:,'l,]ul.'nﬂ:.-

5. The potential impact of seed-feeding bielogical control agents on gorse abundance
was assessed, using the models, for several environmental and management soeiarios.
In purtcular, we explored how larpe-scale disturbance, such s fire and herbicide appli-
cation, influences the outcome of biological control.

6. The suceess of a biolegical control programnse was found to depend eritically on the
frequency and intensity of disturbance, whether disturbed sites bacame suitable for
recriiiment, wrad the effects of disturhianee on perminaton aml seed mortaliy

7. The models highlight the need to magage recruitment opportunities carefully in
onfder 1o maximize the elfect of hwlogical control agents The models also indicate That
details of plant popalation biology can hive & prfound effec) on the success of amy
mnagement strategy

Kep-words: environmental weeds, fire, integrated management, spatial modelling.
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Introduction

Garse Eler europeens L. Fabuceae is native 1o Europe
but is mwst commean on the western Eumopean seaboard
from northern France to Portugal { Tutin of af. 1963).
Grors: m a spaity shrub thal is charactéms Ueally assoa-
atid wilh beathland wpdalzon in Eurcpe, bul commoshy
invaldes neglected land and fonests. I bas booome
naturalioed in many lemperate countres arvund the
world, and i reganded as o seriows weed in New Zealamd.

Correspondence: M. Hess fe-mul m.reesisic.ncuk).

Chale, Hepwail, Moath America and Australia | Richamison
& Hill 1598 Gorse was recognized as an imporiant
weed in Mew Zealand as early us 1859 Thomson 1922)
und is now presend oo at least 3-5% of Mew Zealand's
land area (Thomsen 1922).

Gorse meadily myvades desturbed grousd and can
Form demse mnpenetrable thickels. 1 Gan s wppress plan-
tation [oresis, enclude proeing andmals fom pasiurnes,
el increase the sk off @re in mative habilats aod urban
ureas IF beft undisturbed for 20— 30 years, porse cun be
replaced by lomger-lived plant species { Wilson 1994)
Bl fiee oF other mapor disturbanes ollecn fepuvenates



Results



Pods marked and collected from
tagged shoots to measure predation

Pods marked and collected - PN site Pods marked and collected - ChCh site
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: Pods marked (2636) (@Pods collected (1979) - Pods marked (2049) @ Pods collected {1509)



Potential seed production from pods
collected

S,
Gorse seed production at PN site Gorse seed production at ChCh site
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= Potential seed production » Potential seed production

6585 seeds VS 6430 seeds



Seed predation by Gorse Seed Weevil

Gorse seed production at PN site Gorse seed production at ChCh site

6000 6000
5000 5000
4000 4000
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2000 2000
1000 1000

0 . 0 a
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« Potential seed production @ Gorse seed weevil predation - Potential seed production B Gorse seed weevil predation

299 seeds VS 2724 seeds



Seed predation by Gorse Pod Moth

Gorse seed production at PN site Gorse seed production at ChCh site

6000 6000
5000 5000
4000 4000
3000 3000
2000 2000
1000 1000

0 1 al 1o o a " - 0 ~ I

10/21 11/21 12/21 01/22 02/22  03/22 04/22 05/22 06/22 07/22 08/22 09/22 10/22 10/21 11/21 12/21 01/22 02/22  03/22 04/22  05/22 06/22 07/22 08/22 09/22 10/22

- Potential seed production @ Gorse pod moth predation - Potential seed production @ Gorse pod moth predation

1127 seeds VS 894 seeds



6000

5000

4000

3000

2000

1000

10/21

Total seed predation/loss™

Gorse seed production at PN site Gorse seed production at ChCh site
6000
5000
4000
3000
2000
1000

0
11/21 12/21 01/22 02/22  03/22 04/22 05/22 06/22 07/22 08/22 09/22 10/22 10/21 11/21 12/21 01/22 02/22  03/22 04/22 05/22 06/22 07/22 08/22 09/22

= Potential seed production @Total seed loss - Potential seed production @Total seed loss

1563 seeds VS 3832 seeds

*Includes a small amount of seed loss due to late abortion and fungal infection

10/22



Seeds collected from seed trays (m?)

Seeds/m? at PN site Seeds/m? at ChCh site

2000 2000
1800 1800
1600 1600
1400 1400
1200 1200
1000 1000
800 800
600 600
400 400
200 200

0 0

10/21 11/21 12/21 01/22 02/22 03/22 04/22 05/22 06/22 07/22 08/22 09/22 10/22 11/22 10/21 11/21 12/21 01/22 02/22 03/22 04/22 05/22 06/22 07/22 08/22 09/22 10/22 11/22

5,250 VS 429



Seeds collected from soil cores

25000
20000

15000

10000

5000

PN ChCh

seeds/m?

23,695 VS 4,312



Seeds collected from soil cores

25000
20000

15000

10000

5000

PN ChCh

seeds/m?

23,695 VS 4,312

NB. Ivens (1978) found average of 10,000 seeds/m? at a location near our PN site.



T2 Seed predafion
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Reduced seed production figures — both sites
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Reduced seed production figures — both sites
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Gorse cover is driven by disturbance and recruitment...

Moderate disturbance
- | encourages recruitment
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NB. Proportion of gorse cover when model assumes seedling survival is low



Natural seed production*

(8,888 seeds/m?)
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... and seed production.

50%, 75% and 95% seed reduction scenarios
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* Based on seed production estimates by R.L. Hill (unpublished data)
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Proportion of gorse cover

Natural seed production

(8,888 seeds/m?)
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PN data

50%, 75% and 95% seed reduction scenarios
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Seed predation is insufficient to contribute to a reduction in our PN gorse population unless
disturbance is very frequent (at least once every 2 years) and seedling survival is low.



ChCh data

50%, 75% and 95% seed reduction scenarios
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Seed predation is sufficient to contribute to a reduction in our ChCh gorse population
regardless of disturbance, assuming seedling survival is low.



So why do we still have gorse at the ChCh site?

ChCh site had a reasonably even cohort established after fire, i.e. large
disturbance with high seedling survival.

Site now needs no further disturbance to prevent recruitment, or if
disturbance occurs management practices to reduce seedling survival.



Disturbance and seedling recruitment parameters are critical.




Proportion of gorse cover

Gorse abundance when seedling survival is high vs low
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Proportion of gorse cover

(a)

Gorse abundance when seedling survival is high vs low
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Proportion of gorse cover

Gorse abundance when seedling survival is high vs low
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Summary

Sites varied hugely. Summer seeding at ChCh vs. summer, autumn & winter at PN.

Seed predation likely to be sufficient at ChCh to help reduce gorse cover but
significant seed production escaped predation at PN and gorse cover will likely
persist without good land management decisions.

Managing for low seedling recruitment is key, and in order to obtain the greatest
impact from seed feeding biocontrol agents management practices that kill plants,
prevent or substantially reduce subsequent recruitment and reduce seedling
survival will be required.

Recent evidence from broom studies suggests pollinator management could also
be critical to gorse seed production and reducing seed banks (Paynter et al. 2010).



Take home message

Biocontrol can assist to reduce long-term gorse cover under certain
circumstances by driving seed fall below threshold levels. However,

good land management decisions will still be required if there is a
disturbance to target seedlings before they flower.
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