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Biological	  invasions	  

•  A	  #me	  of	  unprecedented	  global	  
change	  
– Atmospheric	  CO2	  

– PaHerns	  of	  land	  use	  
– Biological	  invasions	  

•  Large	  ecological	  impacts	  
– Reduce	  na#ve	  abundance	  and/or	  
diversity	  

– Alter	  ecosystem	  func#oning	  



Herbivores	  and	  plant	  invasions	  
•  Herbivores	  can	  promote	  
or	  suppress	  exo#c	  taxa	  

•  Direct	  and	  Indirect	  
effects	  
– Eat	  invaders	  	  
– Eat	  neighbors	  of	  invaders	  
– Disturb	  invaders	  and	  their	  
neighbors	  

– Deposit	  metabolic	  wastes	  



Megaherbivores	  and	  restora#on	  
•  Decline	  of	  na#ve	  
megaherbivores	  

•  Reintroduc#on	  efforts	  
–  Invaded	  landscapes	  

•  Outstanding	  ques#ons	  
– Do	  they	  affect	  plant	  
invaders	  

– Habitat	  specific	  effects	  
– Long-‐term	  effects	  



Research	  ques#ons	  

1.  Do	  na#ve	  herbivores	  affect	  the	  growth,	  
abundance	  and	  recruitment	  of	  an	  exo#c	  
perennial	  grass?	  

2.  What	  are	  the	  long-‐term	  dynamics	  of	  this	  
perennial	  grass	  invasion?	  

3.  How	  do	  na#ve	  herbivores	  influence	  the	  
trajectory	  of	  this	  perennial	  grass	  invasion?	  



Tule	  elk	  
•  Cervus	  canadensis	  nannodes	  
•  Na#ve	  herbivore	  
– endemic	  to	  CA	  

•  Underwent	  catastrophic	  popula#on	  declines	  in	  
1800s	  

•  Reintroduced	  to	  20+	  areas	  
	  



Tomales	  Point	  

•  2,500	  acre	  wilderness	  
area	  

•  Point	  Reyes	  Na#onal	  
Seashore	  



Elk	  at	  Tomales	  Point	  
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Long-‐term	  exclosure	  experiment	  
•  Established	  1998	  	  

–	  currently	  17	  years	  old	  
•  24	  36	  x	  36	  m	  plots	  
•  Paired	  design	  

•  Fenced	  to	  exclude	  elk	  or	  
unfenced	  (control)	  

•  Stra#fied	  over	  3	  habitat	  
types	  

Baccharis	  
Lupinus	  

Open	  



Tomales	  Point	  Habitat	  Types	  
•  Underlying	  parent	  
material	  

•  Soil	  characteris#cs	  
– Moisture,	  texture,	  
bulk	  density,	  nutrient	  
levels	  

•  Vegeta#on	  
characteris#cs	  
– Grasses	  and	  forbs	  
– Baccharis-‐dominated	  
– Lupinus-‐dominated	  	  



Holcus	  lanatus	  (Velvet	  grass)	  	  
	  •  Perennial	  grass	  
•  Na#ve	  to	  Eurasia	  
•  Introduced	  in	  coastal	  
California	  

•  Wet	  environments	  
•  Effects	  above-‐	  and	  
below-‐ground	  
– Outcompete	  na#ves	  
– LiHer	  and	  
decomposi#on	  

– Bacteria	  to	  fungi	  ra#o	  



1.	  How	  do	  tule	  elk	  affect	  Holcus?	  

Response	  variables:	  
•  Aboveground	  biomass	  
•  Seedling	  abundance	  
•  Seedling	  frequency	  
•  Abundance	  
•  Cover	  

recruitment	  



Quadrat	  placement	  
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•  Abundance	  
•  Cover	  
•  Seedling	  abundance	  
•  Seedling	  frequency	  



Holcus	  aboveground	  biomass	  

0	  

10	  

20	  

30	  

40	  

50	  

60	  

70	  

80	  

90	  

Baccharis	   Lupinus	   Open	  

Ab
ov
eg
ro
un

d	  
Bi
om

as
s	  (
m

-‐2
)	  

Habitat	  

Elk	  present	  
Elk	  excluded	  

Elk	  p=0.0068	  
Habitat	  p<.0001	  
E	  x	  H	  p=0.0023	  



Holcus	  seedling	  recruitment	  
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Holcus	  abundance	  	  
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Holcus	  cover	  

Elk	  p=0.023,	  Habitat	  p=0.011,	  E	  x	  H	  p=0.39	  
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•  Make	  use	  of	  data	  collected	  by	  
Johnson	  and	  Cushman	  in	  2002	  
and	  2003	  
– Re-‐analyze	  biomass	  and	  abundance	  

•  Compare	  data	  from	  2002	  with	  
those	  from	  2015	  
– 13-‐year	  #me	  span	  

2.	  What	  are	  the	  long-‐term	  dynamics	  
of	  Holcus	  invasion?	  

Brent	  Johnson	  

Hall	  Cushman	  



Holcus	  frequency	  (whole	  plot	  level)	  
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Holcus	  abundance	  and	  biomass	  
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•  Compare	  early	  data	  with	  those	  from	  2015	  
– Log	  response	  ra#o:	  	  

3.	  How	  do	  elk	  influence	  the	  
trajectory	  of	  Holcus	  invasion?	  

LRR = ln 2015
2002( )



Habitat-‐dependent	  invasion	  dynamics	  
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Puong	  it	  all	  together	  
•  Effects	  of	  elk	  on	  Holcus	  
-  !	  abundance,	  cover	  and	  biomass	  
-  !	  seedling	  recruitment	  (trend)	  
-  No	  Δ	  in	  elk	  effect	  since	  2002	  

•  Holcus	  invasion	  expanding	  
-  "	  plot	  frequency	  
-  "	  abundance,	  biomass	  

•  Habitat-‐specific	  paHerns	  
- "	  in	  open	  grasslands	  
-  No	  Δ	  in	  Lupinus	  grasslands	  
-  No	  Δ	  in	  Baccharis	  grasslands	  



Significance	  
•  Influence	  of	  mammalian	  
herbivores	  
– Reintroduced	  na#ve	  
herbivores	  

– Exo#c	  plant	  popula#ons	  
•  Long-‐term	  experiment	  
•  Range	  of	  habitats	  
•  Management	  applica#ons	  
-  Conserva#on	  and	  restora#on	  
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Above	  and	  Belowground	  Effects	  of	  Holcus	  

Aboveground:	  
•  !	  na#ve	  species	  richness	  
•  !	  na#ve	  forb	  germina#on,	  establishment,	  growth	  
•  "	  standing	  liHer	  

Belowground:	  
•  !	  decomposi#on	  
•  !	  detri#vores	  
•  !	  mycorrhizal	  fungi	  biomass	  and	  richness	  
•  "	  bacteria	  to	  fungi	  ra#o	  
•  !	  organic	  maHer	  
•  !	  nutrients:	  NO3

-‐,	  P,	  K,	  SO4
-‐	  

•  "	  Ca	  
•  !	  pH	  

Bastow	  et	  al.	  2008;	  
Muir	  2009;	  Corbin	  and	  
D’Antonio	  2010;	  Bennet	  
et	  al.	  2011	  
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2003	  Abundance	  
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Frequency	  
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