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Cape Point Vegetation Surveys 
44 years* of  change 
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*longest vegetation record in the Fynbos! 

413 spp across all surveys 
(excluding seasonally 
apparent species) 
~1700 spp in the reserve 



Declining Diversity… But Why? 
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Suspects? 

Temperature 

CO2 

Alien species 

Diversity = ? 

We only have 3 time points… 
How do we infer the drivers with no “control”? 



Inferring the drivers 
Look at site specific differences! •  Change in: 

–  Species counts 
(response) 

–  Veld age 

–  # of  Fires 

–  Alien species 
densities 

–  Weather extremes 

–  etc 
1966 2010 Time	  
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Old plots naturally have fewer species… 

Young Old 

Fire – Vegetation age (i.e. since fire) 



Fire – Vegetation age (since fire) 

●

●

●

●

●

●

●

●
●●

●

●

●

●

● ●

●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●
●

●

●

● ●

●

●

●
●

●●

●

●

●

●●

●

●●

●
●

●

●

●

●

−20 −10 0 10 20

−5
0

−3
0

−1
0

0
10

20

Change in Age

C
ha

ng
e 

in
 S

pe
ci

es
 N

um
be

r



Fire – Too many fires? 
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Climate 

Temperature? 

1.5 degree 
increase over 
the 48 year 
time series 



Climate 

0.5 mm 
increase 
over the 48 
years 

Rainfall? 
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Drought Index? 



Climate 

Temperature 

Rainfall 

Drought 
~ Diversity = ? 

But all plots have experienced similar weather record? 
How can we include it in our model? 



Climate 

When are plants most vulnerable to extreme weather? 

Seedling Adult Seed Sprout 



Climate 

Higher temperatures 
(+1.5 or +3°C) 
suppress seed 
germination by  

30-100% 

1 3

Oecologia
DOI 10.1007/s00442-014-3173-6

PHYSIOLOGICAL ECOLOGY - ORIGINAL RESEARCH
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by transpiration. Projected drought periods leading to the 
complete cessation of transpiration in all Proteaceae spe-
cies greatly exceeded the number of days without rain per 
month during summer in the current distribution ranges of 
those species. It was therefore concluded that enforced seed 
dormancy induced by elevated night-time temperatures is 
the post-fire recruitment stage of Proteaceae that is most 
sensitive to climate warming.

Keywords Experimental mesocosms · Seed germination · 
Seedling transpiration · Soil temperature · Soil moisture

Introduction

The accumulation of CO2 and other greenhouse gases in 
the atmosphere since pre-industrial times has already had 
a discernible influence on global temperature, and is pre-
dicted to cause further warming this century (IPCC 2007). 
On the African continent, various climate futures focusing 
on regional mean temperatures and rainfall changes in dif-
ferent seasons have been presented (Hulme et al. 2001). 
These draw upon different draft emission scenarios pre-
pared for the Intergovernmental Panel on Climate Change 
(IPCC 2007). The scenarios predict mean annual tempera-
ture increases of between 1.3 and 4.5 °C and an up to 30 % 
decline in winter rainfall in the Southern African Mediter-
ranean-climate ecosystem (Hulme et al. 2001). This eco-
system is characterized by summer drought, low soil fertil-
ity, and natural fires occurring at frequencies of 4–40 years 
(Kruger and Bigalke 1984).

Climate-controlled differences in seedling recruitment 
and survival are considered the dominant influence on plant 
community distribution, extent, internal structure, and func-
tion (Cornelius et al. 1991). Indeed, recruitment processes 

Abstract Two hypotheses—that elevated night-time tem-
peratures due to climate warming would enforce post-fire 
dormancy of Proteaceae seed due to low moisture, and that 
periods without rain during summer would exceed desicca-
tion periods tolerated by Proteaceae seedlings—were tested 
empirically. Enforced dormancy, i.e., the inability to germi-
nate due to an environmental restraint, was tested by meas-
uring seed germination in 11 Proteaceae species in experi-
mental mesocosms whose soils were artificially elevated 
by 1.4 and 3.5 °C above ambient by far-red wavelength 
filtered infrared lamps. Diminished totality of germination 
and velocities were observed in 91 and 64 %, respectively, 
of the Proteaceae species tested. Drought resilience was 
tested in one-year-old seedlings of 16 Proteaceae species 
by withholding water from potted plants during summer in 
a greenhouse. The most drought-resilient Proteaceae spe-
cies displayed the lowest initial transpiration rates at field 
capacity, the smallest declines in transpiration rate with 
decreasing soil water content, and the lowest water losses 
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Drying experiments show 
drastically reduced seedling 

survival over 
 6, 13, 18 or 25  
days of drought 

Wide variation in post-emergence desiccation tolerance of seedlings of
fynbos proteoid shrubs
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Abstract

Fynbos Proteaceae that are killed by fire and bear their seeds in serotinous cones (proteoids), are entirely dependent on seedling recruitment for
persistence. Hence, the regeneration phase represents a vulnerable stage of the plant life cycle. In laboratory-based experiments we investigated the
effect of desiccation on the survival of newly emerged seedlings of 23 proteoid species (Leucadendron and Protea) occurring in a wide variety of
fynbos habitats. We tested the hypothesis that species of drier habitats would be more tolerant of desiccation than those from more moist areas.
Results showed that with no desiccation treatment, or with desiccation prior to radicle emergence, all species germinated to high levels. However,
with desiccation treatments imposed after radicle emergence, there were significant declines in seedling emergence after subsequent re-wetting.
Furthermore, other than three species that grow in waterlogged habitats, germination responses could not be reliably modeled as a function of soil
moisture variables. An important finding was that the species had highly individualistic responses to desiccation. In conclusion, early seedling
emergence represents a species-specific stage that is highly sensitive to a decrease in soil moisture. Since species are killed by fire (non-sprouting),
vulnerability to increasing aridity associated with anthropomorphic climate change would increase the odds of local and global extinction.
© 2012 SAAB. Published by Elsevier B.V. All rights reserved.

Keywords: Cape Proteaceae; Climate change; Regeneration niche; Seedling emergence; Soil moisture

1. Introduction

Many Cape fynbos plant communities have an overstorey of
non-sprouting shrubs belonging to the Proteaceae genera Leuca-
dendron and Protea (Cowling and Holmes, 1992). These shrubs
store their large, protein-rich seeds in canopy-borne infructes-
cences (“cones”), a seed ecology syndrome termed serotiny
(Lamont et al., 1991). Commonly known as proteoids, these spe-
cies are entirely dependent on seeds for persistence, since adult
plants are killed by recurrent fires at roughly decadal frequencies
(Le Maitre and Midgley, 1992). Seedling recruitment is confined
to the immediate post-fire period (Bond, 1984) and germination
is cued to the combination of high soil moisture and low soil

temperatures that prevail in the cooler months (Bond, 1984;
Brits, 1986; Mustart and Cowling, 1993a).

Like most other fynbos guilds, proteoids show high composi-
tional turnover associated with soil nutrient and moisture regimes
(Rebelo, 2001; Richards et al., 1995). It is feasible that edaphic spe-
cializationmay be linked to aspects of the plants regeneration niche
(Grubb, 1977; Harper et al., 1965). Specifically, newly emerged
seedlings may be vulnerable to low soil moisture conditions asso-
ciated with protracted bouts of dry weather. This sensitive phase
of the plant cycle would be particularly vulnerable to any habitat
aridification associated with anthropomorphic climate change
(Latimer et al., 2009; Walck et al., 2010). Research has indicated
that the emergence of seedlings of proteoids is indeed sensitive to
soil moisture conditions: a field study which investigated emer-
gence patterns of four species with restricted habitats showed
lower levels of seedling emergence on a coarse-textured, sandier
soil type than on a neighbouring soil with a finer-grained clay

⁎ Corresponding author.
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[Fire *] Climate 
•  It’s the measures of extreme weather in the first 

summer after fire that we’re interested in. 

•  And because plots burn at different times, 
these measures of extreme weather vary 
among plots. 



[Fire *] Climate 
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in the first summer after fire…  
[that vary among plots!] 



[Fire *] Climate 
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[Fire *] Climate 
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Alien species 

•  Surveys of 200m radius around plots 
in 1966 and 1976-80 

•  Intensive clearing occurred in the 
early 80’s, with good follow-up 

•  Used highest density recorded across 
both surveys 



Herbivory? 
•  Differences in nutrient status of 

the different veg types and 
anecdotal evidence of 
herbivore preferences… 

•  May also account for other 
sources of variation… 



The Model 
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Generalized Linear Model 
library(nlme) 

library(MCMCglmm) 
library(MCMCpack) 



Species counts through time analysis? 
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Conclusions 
•  Clear legacy impact of historical (pre-1990) woody alien species invasion 

(esp Acacia cyclops). 
–  Seeder species and shrubs most severely impacted 

•  Clear impact of longer periods of hot and dry days in the first summer after 
fire (and these are becoming more severe). 
–  Sprouter species, graminoids and herbs most effected 
–  This interaction between fire and climate change is of great concern in crown-

fire ecosystems like more Mediterranean-Type Ecosystems 

•  On has to consider multiple drivers of change when exploring patterns in 
long-term observation datasets. 

•  One has to account for differences in vegetation age (or numbers of 
individuals) when comparing diversity in Fynbos sites through time. 
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Conclusions 
•  Clear legacy impact of historical (pre-1990) woody alien species invasion 

(esp Acacia cyclops). 
–  Seeder species and shrubs most severely impacted 

•  Clear impact of longer periods of hot and dry days in the first summer after 
fire (and these are becoming more severe). 
–  Sprouter species, graminoids and herbs most effected 
–  This interaction between fire and climate change is of great concern in crown-

fire ecosystems like more Mediterranean-Type Ecosystems 

•  One has to consider multiple drivers of change when exploring patterns in 
long-term observation datasets. 

•  One has to account for differences in post-fire vegetation age (or numbers 
of individuals) when comparing diversity in Fynbos sites through time. 



Implications for management and research 
•  For rare species, we could consider retaining patches/

populations of mature individuals in case of recruitment 
failure/summer mortality 
–  BUT!!! Pathogens may be a problem… 

•  Bet hedging strategies like being able to skip a fire interval 
(~seed dormancy) may be a key trait conveying resilience in 
the short term? 

•  Anecdotal evidence, but needs further attention… 

•  We need to know what’s happening to species other than the 
Proteaceae… 
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