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Abstract

Disturbances often disproportionately impact different vegetation layers in forests and other vertically-stratified ecosystems,
shaping community structure and ecosystem function. However, disturbance-driven changes may be mediated by environmental
conditions that affect habitat quality and species interactions. In a decade-long field experiment, we tested how kelp forest
net primary productivity (NPP) responds to repeated canopy loss along a gradient in grazing and substrate suitability. We
discovered that habitat quality can mediate the effects of intensified disturbance on canopy and understory NPP. Experimental
pulse and press disturbances suppressed total macroalgal NPP, but effects were strongest in high-quality habitats that supported
dense kelp canopies that were removed by disturbance. Understory macroalgae partly compensated for canopy NPP losses and
this effect magnified with increasing habitat quality. Disturbance-driven increases in understory NPP were still rising after 7-10
years of disturbance, demonstrating the value of long-term experimentation for understanding ecosystem responses to rapidly

changing disturbance regimes.
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(D) Habitat quality (based on effects of sea urchin density and sand cover)

Site

1.04

8 08 !

2% a i

S |

>

£ 0.6 T b b

3 |

= 041 t T

g° c

£ 0.2 ’—’—‘
0.0 T T T T T

Mohawk Isla Vista ~ Arroyo Quemado Naples Carpinteria



.
°
L4 .
°
° °
° %
°
° °
.
2.
® o
P |
° o0
. ®
°
&
°
] ®e Y * ”.
°
o % 04 ooo
o ° o e
* ® ® % 8° o o
@0 ®eree & Pe%0 o o cdimae od%
| | | |
Lo (@) Lo o

- i

(p/,Wwyjow) saueipeu wonoq Ajred

15

1.0

0.5

0.0

Giant kelp biomass (kg dry/mz)

Site habitat quality

High

Medium

Low

Pulse disturbance

Press disturbance

A

e @ mmm === =

A

F---g-------------1

-

T T T
- - [\
I ] ]

04 - LD AL A A== === - -

9
o
o 4
o © m“‘ m,/kwu?‘

" .mfﬂ‘& I/ »m
°©o - o

(A/zwy0 B {jo1u0o Woiy soualayip)
ddN [enuue djy juern

T
(o)
|

Years since start of experiment



Understory annual NPP
(difference from control; kg C/m3/y)

Total macroalgal annual NPP

Low Medium High
2.0 H
1 5 i\ o —:U
T e 3
1.01 =
° 7]
0.51 S
o
e © QO
004-2-2---4-000-%-- 3
(0]
-0.5
2.0
o
1.5 A @
[
1.0 4 aa2 a
a 23
0.5 4t 5
N 8 uy g
dopancen oA B N =}
0.0 N N P> il 8
a
-0.5
T T T T T T T T T T T T T T T T T
0 2 4 6 8 100 2 4 6 8 10 0 2 4 6 8 10
Years since start of experiment
0.5 H
00 -- il o m Rl -
*
ok
ok
Treatment
[l Pulse disturbance
[[] Press disturbance s
1 I_ _I
Low Medium High

(difference from control; kg C/m?/y)

Site habitat quality

Site habitat quality




Annual NPP (kg C/m?/y)

2.5

2.0

1.5

1.0

0.5

0.0

(A) Total macroalgal NPP

— | Treatment
@ Control
@ Pulse disturbance

A Press disturbance

“ ° amik%f
_] (0}
A o
_ (6]
o
(]
— (]
-
— g m

00 02 04 06 08 10 1.2
Giant kelp biomass (kg dry/mz)

5



