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Standing vegetation and seed bank patterns paint a bleak picture
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Abstract

Urbanisation and urban sprawl are major drivers of global habitat transformation and biodiversity loss. Natural vegetation
in urban areas is confined to remnant patches and, as a result, the conservation of these patches of vegetation is becoming
increasingly important for biodiversity conservation. Globally grasslands experience high rates of transformation and are
threatened by expanding urban areas, causing fragmentation, and facilitating the spread of invasive species. This study
explores how above- and belowground vegetation communities within remnant grassland patches vary as a function of patch
connectivity and patch size in the City of Tshwane, Gauteng, South Africa. We sampled twelve sites from eleven nature
reserves within Tshwane to investigate the relationships between urbanisation and vegetation characteristics. Tshwane’s
grassland patches have high levels of invasion, with alien species making up a considerable portion of both standing (13%
richness and a third of cover) and seed bank vegetation (31% richness and 26% abundance). Furthermore, we found low
similarity between standing vegetation and the seed bank (mean +SD =0.25 +0.06). Neither road density nor reserve size
were related to the total cover or richness of vascular plants, nor the cover or richness of alien species. Similarly, neither
variable predicted above-belowground similarity. This suggests that the connectivity of remnant grassland patches does not
have any significant effect on vegetation characteristics in this disturbed urban environment. Our results indicate that restora-
tion relying only on natural revegetation from the seed bank is unlikely to be effective and we suggest that active restoration
interventions, such as reseeding and invasive species control, may be needed to restore these grasslands and improve their
long-term conservation value.
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Introduction

Urbanisation and urban sprawl are major drivers of habitat
transformation globally (Goudie 2013; Ellis 2015). Eco-
logical impacts associated with urbanisation include habitat
fragmentation and isolation (Scolozzi and Geneletti 2012),
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heat island effects (Rao et al. 2014), increased soil and air
pollution (Madrid et al. 2002; Rao et al. 2014), soil com-
paction (Madrid et al. 2002; Jeffery and Gardi 2010) and
the increased dispersal and establishment of alien invasive
species (Williams et al. 2015a, b; Skultety and Matthews
2017; Borden and Flory 2021). Urbanisation leads to bio-
diversity change, filtering species by their adaptability to
urban environments (Duncan et al. 2011; McDonnell and
Hahs 2015), and altering natural environments into anthro-
pogenic ecosystems (Santangelo et al. 2022). Although dis-
turbed, such anthropogenic ecosystems typically still contain
native (and even endangered) species, potentially harbour-
ing a high indigenous species richness (McKinney 2002;
Thompson and McCarthy 2008; Shwartz et al. 2014; Natale
et al. 2015). Such species are, however, often confined to
remnant natural patches within urban systems (Kowarik and
von der Lippe 2018), and, as a result, these remnant patches
of native vegetation are increasingly important for urban
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biodiversity conservation (Dyderski et al. 2017; Kowarik
and von derLippe 2018).

Grasslands are globally associated with high rates of
human expansion and urbanisation (Ellis et al. 2010; Cad-
man et al. 2013; Carbutt et al. 2017), and house a dispropor-
tionate number of people compared to other biomes (White
et al. 2000). As a result, grasslands are becoming ever more
fragmented (Cadman et al. 2013), with human infrastructure,
including roads and buildings, driving grassland fragmen-
tation and the formation of isolated patches (White et al.
2000). Such fragmentation of grasslands is a key concern
for conservation in urban grassland landscapes (Hejkal et al.
2017), as fragmentation, and the associated increase in iso-
lation, acts as a powerful filter for species and gene flow
(Soons et al. 2005; Williams et al. 2006; Plue and Cousins
2013).

Disturbance effects in urban environments are visible in
both the standing vegetation and the seed bank (Overdyck
and Clarkson 2012; Alue et al. 2022; Hou et al. 2023), and
the relationship between the two (i.e., above- and below-
ground vegetation) can provide important information on
restoration potential (Hopfensperger 2007). In general,
undisturbed grasslands have a high similarity between the
standing vegetation and the seed bank compared, e.g., to
wetlands and forests (Hopfensperger 2007). However, this
similarity may be reduced in disturbed, urban grasslands,
where the seed bank is typically representative of only
a small portion of the standing vegetation (Fischer et al.
2013a; Sershen et al. 2019), often lacking rare or threat-
ened species (Sershen et al. 2019) and being relatively
rich in ruderals (Fischer et al. 2013a). In such disturbed
urban systems, the establishment of species with a persis-
tent seed bank — typically annuals (Thompson and Grime
1979; Thompson and Jones 1999) — is favoured, as seed that
remain ungerminated in the soil allows the species to persist
despite frequent disturbances (Milton 2004). Furthermore,
seed bank persistence also enhances the ability of alien spe-
cies to naturalise and invade (Gioria et al. 2020, 2021), as
it buffers against the risk of reproductive failure (Venable
and Brown 1988) and increases the ability of a species to
respond to temporal environmental variation (Donohue
et al. 2005, 2010). The proportion of annual, ruderal and
invasive species, with persistent seed banks, is therefore
expected to be high in disturbed urban environments, lead-
ing to low similarity between the above- and belowground
components.

Historically, urban grassland restoration has received
minimal attention and aspects of this process are still poorly
understood in many regions (Klaus 2013). The intensity of
restoration interventions in urban grasslands vary greatly,
with most degraded grasslands having very little to no
active restoration, resulting in species richness remaining
low (Klaus 2013; Fischer et al. 2013b; Mollashahi et al.
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2024). Although literature on urban grassland restoration
in South Africa is lacking, passive recovery techniques
for non-urban grasslands have also been unsuccessful
(Zaloumis and Bond 2016). However, in other similar non-
urban grassland systems, active restoration with intensive
reseeding approaches and appropriate fire management have
promoted forb abundance and competitive C4 grass restora-
tion (Torok et al. 2021). The lack of recovery of grasslands
under passive restoration techniques, highlights seed and
dispersal limitations as key factors within urban grassland
restoration and emphasize the dependence on local and
landscape constraints in grassland restoration (Carbutt and
Kirkman 2022; Suding 2011; Torok et al. 2021; Zaloumis
and Bond 2016).

From a conservation perspective, the surrounding
urban landscape matrix is often important for the vegeta-
tion that survives in remnant habitat patches (Ewers and
Didham 2006; Williams et al. 2006; Szabé et al. 2012).
Habitat patches typically follow the predictions of island
biogeography, where patch size and connectivity are posi-
tively related to species richness (Lindgren and Cousins
2017). For example, higher densities of roads around habi-
tat patches can lead to a decrease in the connectivity of
grassland habitats, increasing the isolation and possibility
of localised native extinctions in these patches (Soons et al.
2005; Williams et al. 2006), but at the same time facili-
tating the dispersal of alien species (Lemke et al. 2021).
Furthermore, patch size is also important for conservation
(Williams et al. 2005a; Bierwagen 2007), following predic-
tions of island biogeography, that larger patches support
larger populations and have lower edge effects (Lindgren
and Cousins 2017). Native species within grasslands are
often sensitive to patch size and connectivity (Wimberly
et al. 2018), as most seeds do not distribute very far from
the parent plant (Kiviniemi and Eriksson 1999) and rarely
succeed in dispersing through unsuitable urban habitats
around remnant patches, such as roads and built-up areas
(Williams et al. 2006, 2009). In theory, therefore, species
richness within an urban landscape should be highest in
habitat patches surrounded by larger areas of natural veg-
etation, with higher connectivity to other suitable patches
(Lindgren and Cousins 2017; Dembicz et al. 2021), and
patches with less surrounding natural vegetation would be
expected to have smaller population sizes and greater edge
effects, resulting in higher extinction rates and a decrease
in species richness (Mendenhall et al. 2014; Lindgren and
Cousins 2017). However, more isolated urban grasslands
are more likely to be invaded by non-native species, espe-
cially when surrounded by high road densities, as a result of
decreased distances that invasive propagules have to travel
(Lemke et al. 2021).

This study explores how above- and belowground veg-
etation in remnant urban grasslands varies as a function
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of patch connectivity and patch area. Specifically, we
quantify how surrounding road density and the size of
the remnant vegetation patch are related to 1) above-
ground vegetation (cover and species richness), 2)
belowground vegetation (seed abundance and species
richness), and 3) above—belowground similarity of veg-
etation composition.

Materials and methods
Study area and sampling plots

Gauteng Province is South Africa’s smallest, but most
densely populated and most urbanised, province. This area
is within a summer rainfall region, receiving 500-800 mm
rainfall per annum, the majority of which falls between
November and February. Average maximum temperatures
range between 28 °C in summer and 22 °C in winter, with
mean minimum temperatures of 16 °C and 5 °C in summer
and winter, respectively (with occasional frost during the
colder months; South African Weather Services, unpub-
lished 2021).

Eleven nature reserves were selected within one of the
metropolitan municipalities of the Gauteng Province, the
City of Tshwane Municipality (Fig. 1). These reserves
represent remnant patches of historically larger grassland
expanses. For the majority of the reserves, one sampling
plot of 18 m X 18 m was placed in the approximate centre
of the reserve. However, because Rietvlei Nature Reserve
is considerably larger than the other reserves, two plots
were sampled here, one in the centre of the reserve and the
other close to the boundary of the reserve, bringing the
total to twelve sampling plots. All sampling plots were at
least 1 km apart. The sampling plots fall into three grass-
land bioregions, i.e., Mesic Highveld Grassland, Dry High-
veld Grassland and Central Bushveld (Fig. 1; Mucina et al.
2014), with all but three reserves in the Central Bushveld
bioregion. The grasslands of this region are rich in grass,
forb and woody species (Mucina and Rutherford 2006).
Each reserve also has varying recreational activities (e.g.,
Groenkloof Nature reserve has mountain biking and hiking
whereas Skuilkrans Kopje only has hiking) and manage-
ment practices, ranging from active alien invasive control
in Rietvlei Nature reserve and Voortrekker Monument, to
little or no alien invasive management at Kruin Park and
Skuilkrans Kopje.

Within each sampling plot, 25 sub-plots of 2 m X2 m
were sampled. These were separated by 2 m (Fig. 1). Road
density (defined as the total length of road within a 5 km
radial buffer zone from the centre point of each sampling
plot (following Williams et al. 2006) and the size of the

surrounding protected area were calculated for each sam-
pling plot, using ArcGIS Pro (2021 version 2.9.0). These
calculated protected areas mostly coincide with the borders
of the reserve, however, in the case of Magalies Biosphere
Reserve, the official reserve borders included substantial
built-up areas. Here we took the size of the surrounding
conserved area not as the official reserve size, but as the
size of the uninterrupted natural vegetation immediately
surrounding our sample plot, i.e., viewing it from an eco-
logical connectivity perspective, rather than an administra-
tive perspective.

Above- and belowground sampling and seed
germination

Within each sub-plot all aboveground vascular plant
species were identified, and their canopy cover visually
estimated during the growing season (November 2022 to
January 2023). Most taxa (88%) were identified to species
level. However, 7% of the species were only identifiable to
genus level, 2% to family level and 3% were unidentifiable
at the family level and were consequently given morpho-
species codes. To quantify belowground species composi-
tion, the seedling emergence approach was used (following
Weerasinghe et al. 2008; Sershen et al. 2019). A soil core
of 10 cm depth and 5 cm diameter was taken from the
centre of each sub-plot. Core samples were transferred
into individual pots and germinated separately, result-
ing in a total of 300 pots. Germination took place at the
University of Pretoria, where the pots were kept outdoors
in a partly enclosed space, but under a transparent roof,
therefore subjecting them to a similar temperature regime
as the reserves but preventing splash out during rainfall
events. Germination took place for six months (13 January
to 10 July 2023). Pots were watered every two to four days
with 100-200 ml rainwater, depending on the weather. The
location of the pots was randomized every third to fifth
day. Once a species was identifiable it was recorded and
removed from the pot to avoid overcrowding. The majority
of the seedlings were identified up to species level (74%
of species), 22% of seedlings were identified up to genus
level and 4% to family level.

Data analyses

Sgrenson’s index of similarity (Sgrensen 1948), was used
to compare the similarity between above- and below-
ground species composition (following e.g., Hopfensper-
ger 2007). Seed bank species that could only be identified
up to genus level were assumed to be the same species as
the most abundant aboveground species within that genus
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(unless it was clearly a different species). For example:
if a germinated Eragrostis sp. was only identifiable up to
genus level and E. lehmanniana was the most abundant
Eragrostis species aboveground for that grassland plot, the
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germinated seedling was assumed to be E. lehmanniana.
This assumption was necessary for 685 out of 2670 seed-
lings (26%). Species richness was calculated across all 25
sub-plots, resulting in one above- and one belowground
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«Fig.1 a) Bioregions of Gauteng with the twelve sampling plots
within the City of Tshwane, b) the location of Pretoria Central Busi-
ness District (CBD) and the City of Tshwane Municipality (shaded)
within Gauteng, South Africa and c¢) the sampling plot design, with X
indicating the sub-plots that were sampled. The sizes of the reserves
surrounding the sampling plots (yellow outlines in d and e), density
of roads (red lines), and the surrounding land use differed between
reserves. For example, Faerie Glen Nature Reserve (d), is a small
reserve, within a densely urbanised matrix of many roads and build-
ings. Rietvlei Nature Reserve (e), in contrast, is a relatively large
reserve, with a low road network density and surrounded mostly by
farmland. Reserve numbers: 1. Faerie Glen, 2. Groenkloof, 3. Kruin
Park, 4. Magalies, 5. Moreleta Kloof, 6. Moot Grassland, 7. Rietvlei
A, 8. Rietvlei B, 9. Skuilkrans Kopje, 10. Smuts Koppie, 11. Voor-
trekker Monument, 12. Wonderboom

richness value per plot. Similarly, the total number of spe-
cies (both above- and belowground) were used per plot
(i.e., aggregating data across sub-plots) for calculating
Sgrensen similarity.

To test the effects of reserve area and road density on
above- and belowground vegetation characteristics, we used
generalised linear models (GLZs). For models of vegeta-
tion cover and above-belowground similarity a binomial
distribution was used, and for models of species richness
and abundance Poisson distribution. We modelled both
total vegetation cover, richness and abundance, as well as
the non-native species vegetation cover, richness and abun-
dance. To control for false positives, we adjusted the alpha
threshold using Bonferroni correction. All statistical analy-
ses were performed in the R programming environment (R
Core Team 2023).

Results

In total, across all eleven reserves and twelve sampling
plots, 233 species were recorded in the standing vegeta-
tion, and 88 species (2669 individual seedlings) germi-
nated from the seed bank (Appendix 1, Table 4). Out of the
233 standing vegetation species 34 were grass species and
out of the 88 germinated species, 22 were grass species.
Aboveground species richness varied between reserves,
ranging from 33 to 56 species (mean +SD =44.5 +7.3;
Table 1), while belowground richness was 12—-37 species
(26.4 +7.4; Table 1). In the seed bank 31% of species
were alien, but only 13% species in the standing vegetation
were alien (Table 1). Mean standing vegetation cover was
not significantly different between the sampling plots (p
=0.44), and, in general, was 90-100% cover, with most
of the plots having 100% cover and one outlier plot, at a
very rocky site, having only 58% cover (Table 1). Alien
vegetation cover, however, varied much more consider-
ably, ranging from 1 to 67%. On average, alien vegetation

cover comprised 32% of total vegetation cover (Table 1).
The most widespread alien species in the standing and
seed bank vegetation was Erigeron bonariensis (Table 2).
The similarity between the standing vegetation and the
seed bank was low in all sampling plots (0.25 +0.06; with
all of the sites <0.35, Table 1), as well as for the data set
overall, i.e., the City of Tshwane as a whole (Sgrenson
Similarity Index =0.31).

For the standing vegetation, neither road density nor
reserve size were significant predictors of total species rich-
ness and cover, or alien species richness and cover. Simi-
larly, neither of the predictors were significantly related to
richness or abundance (both total and alien) in the seed bank.
Lastly, road density and reserve size were also not related to
above-belowground similarity (Table 3).

Discussion

Our results suggest that many of the urban grassland
patches of the City of Tshwane are quite invaded. In our
study, alien species were present, both above- and below-
ground, at all of the patches, and five of the patches had
20% or more alien cover. Although alien species presence
is reasonably well-known for the aboveground component
(Marais 2004; Nelufule et al. 2024), where the extent of
the problem is readily visible, our results suggest that
the belowground situation is also a cause for concern in
terms of restoration. In this study, alien species comprised
a maximum of two thirds of the aboveground cover and
contributed up to 32% of the total aboveground species
richness at some of the reserves. Although fewer species
were recorded belowground, the contribution of alien spe-
cies was high, comprising 31% of the total seed bank spe-
cies and almost half of individual seedlings at some of
the reserves, and more than 30% of individuals at six of
the reserves. Furthermore, the three most abundant seed
bank species were either weedy or alien species, and the
most abundant of these, Pseudognaphalium sp., a weedy
species of uncertain status (assumed to be indigenous in
our analyses), was ubiquitous across all plots. This sug-
gests that these systems will not restore passively, once
aboveground alien species have been cleared.

Compared to typical global grassland values (Hop-
fensperger 2007), similarity between the standing veg-
etation and the seed bank was low. We found that the
standing vegetation was poorly represented in the seed
bank, with only 10% of species found in the standing
vegetation present in the seed bank. This underrepresen-
tation of standing vegetation species in the seed bank is
common in temperate and subtropical grasslands glob-
ally (Everson et al. 2009; Scott et al. 2010; Sershen et al.

@ Springer



Urban Ecosystems (2025) 28:104

104 Page 6 of 21

€0 9T 699¢ [43 YIF 16 1€ 88 el €eC SIS [[e SSOI0Y
910 € 881 14 €1+ 96 (44 cl € 8¢ YL LSYL SIeseN
¥C0 91 LET I 0+ 001 € (44 11 Sy 6L'1 (4044 dq PRy
€0 91 8¢€T S 0+ 001 Ie 9¢ 6 9% Ly'C (4044 V B[ARry
LT0 143 £ve L9 0+ 001 €€ €€ [43 123 809 42 JOOPua0In
JUSWINUOA]
0¢0 Ie o1 8 0+ 001 8y € el gs €69 LT I9¥aI00A
0c0 61 SSl1 33 LTF €6 8y € 8¢ 0s 87'8 LT1 U9[D SLvR]
020 01 49! I 0F 06 iq! |t4 i4 6 LO'E YTl arddoyy sinuwg
910 4! €81 0C 9+ 8¢ €C Ie S 9¢ el 1Tl WooqIopuop
1€°0 144 LSE 6C 0+ 00T Ie 9¢ 0¢ € 689 60 JOO3] BIR[RION
LT0 [43 £l 9 0+ 00T or 0C (44 Sy 8¢°01 S¢'0  pue[ssel) JOON
€0 Ie (2214 Ie 0+ 00T 144 [43 [43 LE 768 170 Aled umnry
afdoyy
9C°0 (0] 871 € 0+ 001 (44 €C 6 Ly YTL 60°0 SUBI[INS
Xopur (%) 2ouep (%) (S F ueow (%) saroads (%) saroads (o ()
Kyrerruars -unqe Jueq 9OUBPUNQE IOAOD UOTIBIAZAA $94) 10A00 UOT)  sa10ads udle Jueq poos saroads uorye punoi3 aroqe Jury) Ks az1s
uosuIPS PO9s UAI[Y  Yueq Pae§  UQIe Surpue)S -e1o30A urpuels Jueq pass Jorquny  punoi3 dAoqQy joIoqunN  -UJp peOy  QAIISIY jord ojdureg

(S7=u) ueaw Y} SI YOIYM ‘I2A0D UONEIdFIA Sul
-puess 10§ 1do0xa ‘sjojd-qns Gg [[B SSOIOE S[BJ0) Ie SIN[BA UONBIOFAA [[V "SOIISTIEIS UONRIAZIA pue AJISUdp peol ‘9zIs 9AI9sa1 Surpunorins Ajouwreu ‘sjoid Surjdures g oyl Jo sonsieoeIey) | d|qeL

pringer

AQs



104

Page 7 of 21

Urban Ecosystems (2025) 28:104

1)

[§0)

(3}

on

(€0

[§0)

(€#9)

@

@
(€

T (©

I ©

0z (00

SFor (cn

(19

(©)

TFL (9D

(03]

PIF0T D)

(U1

€9

LTF81

(3}
(2]

(03}

(©)

(24}

9)

(€

on

9

©n

Tn

oD

81

cl

1!

6

L+6

(§0)

Q9]

@

[€29)

(6)

(€D

(6)

oD

(9]

8L

6+ I

@

an

@
9)

©

on

02

@

[(20)

(6)

(©)

(€]

1o

[44

!

€S

(€D

(3}
(€)

@

(€

LD

L)

0]

(M

((29)

an

w

02

9¢

9T

(M
08}

03}
@

)

(49)

(9]

(6

@

02

0l

6¢

9+9

@

(€)

©
@

()

@

oD

(€D

)

(81)

©)

()

ST

[§9)

(03}
[(20)

0]

©

©

(02)

(€D

1)

(€D

L

(4]

81
€S

6

@ €

() S
©) 9T

(©) €

©) 8

61) 8T

@ €F1

(03} SFT

(n €FT

WD LIFET

() EF 1

(€0 9tF1¢

(©)

(M
w

@
on

9

(M

((z9]

(02)

@

((Y4)]

©n

(€)

on

<l

6¢

0¢

)

[Q8)

()
@

(©)

@

(€20)

()

(39)

(€

(03]

@

(81

. ds

*
T wnovxvipg
e
-mbavun
viqioydnyg
7 ds snmiadS)
suada.
94 pipuoydlq
T ds sypxo
+(V 0)
9 ds uouaSizy
%518
~UILIDUOG
4 U021
“ds
wnypyd
7  -pudopnasq
Jueq pass
sapiops
TF 1 -pup vousnp
wngq
-|poayn]
01F§ wnsapioy
v sni
-10]U0D
¢F 1 wuododoiarapy
4518
-UaLIDUOG
1F1 U0428145]
v Dpnaand
S1S043DAT
v bup
-]
F1 S1US043DAT
v DApuDLL
SF¢S bpaudy ],

uonejedoa Surpuelg

sareSeN

4 P1Aery

V 19lA1rY

JOOPUR0ID)

JUSWINUOA
IOY[ANI00A

UQ[D) OLIOR,]

aiddoyy sinwg

WOO0QIOPUOA

JOOTS] BIF[IOIN

PUE[SSEID) J00JA!

Ated urmn.ry

ofdoyy

sueny[Inyg

(so10ads sseis |, ‘exe) ualfe ) jo1d ojdwres oy Je seroads 9y Jo 9oUIsSqe U JLOIPUI S[[3D Jue[q (S = 9[qIssod [8101) Ul pa1INdo0 saroads oy} Jey sjord-gns
JO Ioquunu 9y} 2Ie S)aYOrIq UI SAn[eA ‘uoneadoa Jurpuels ay) ut sjofd [[e e Juasaid sem vipuviiy vpaway ] <39 ‘(g1 = u) sjojd Juridures 9y jo a1ouw Jo Y319 JB PUNOJ $A10AdS SB pauyop 2Iom SO
-ads peardsopipy Yueq paas oy ur Juasaid so10ads peardsopim o) Jo STUIPLIs JO JaquINU [B10) ) SB [[oMm SB ‘UoNeIaZaA Sulpue)s ) ur saroads peardsopim oy Jo (% (S F ueoun) 140D g d|qeL

pringer

As



104 Page 8 of 21

Urban Ecosystems (2025) 28:104

Table 3 Generalised linear model outputs for standing vegetation,
seed bank species and above-belowground similarity (based on the
Sgrensen similarity index), using road density and reserve size as

predictor variables (n =12). Significance level =0.025 (based on the
Bonferroni correction)

Response Road density Reserve size Model p Deviance
- - explained
Estimate p Estimate p (%)
Standing vegetation Total richness 0.01 0.74 —0.01 0.43 0.69 5.0
Alien richness - 0.02 0.96 —-0.02 0.62 0.88 26.7
Total cover - 040 0.34 0.02 0.72 0.59 50.3
Alien cover 0.03 0.90 —-0.03 0.49 0.76 18.7
Seed bank Total richness -0.03 0.27 —-0.01 0.04 0.07 21.3
Alien richness 0.09 0.63 0.01 0.93 0.89 27.2
Total abundance 0.50 0.91 -0.75 0.63 0.88 2.9
Alien abundance - 0.09 0.65 —0.01 0.59 0.78 254
Above-belowground similarity —0.04 0.84 -0.01 0.89 0.97 24.5

2019). In our study, the three most widespread standing
vegetation species, Themeda triandra, E. lehmanniana
and E. curvula, were all disproportionately low in abun-
dance in the seed bank, being present aboveground at
twelve, eleven and ten sampling plots, respectively, but
only four, three and one plot belowground (Table 4).
All three of these species exhibit long periods of seed
dormancy (Roberts et al. 2021; Ziller 2022; Durnin et al.
2024), which could partly explain their frequent absence
from the germinated component. In 7. triandra, reli-
ance on vegetative reproduction, rather than germination
through seed (Snyman et al. 2013), probably contrib-
utes to its absence from the seed bank. Lastly, the poor
representation of 7. triandra in the seed bank is likely
associated with human disturbances within South Afri-
can grassland patches, as T. triandra exhibits high abun-
dances in undisturbed, well-managed patches (Eckhardt
et al. 1996; Sershen et al. 2019).

Addition to the absence of some aboveground species
from the seed bank, some species were also found
exclusively in the seed bank at many of the sample plots,
contributing further to the low above-belowground
similarity (Table 4). For example, Pseudognaphalium
sp., was widespread in the seed bank — being present at
all plots — but was absent from the standing vegetation
entirely. The genus Pseudognaphalium is widespread
in tropical and temperate grasslands (Nie et al. 2016;
Blanco-Gavalda et al. 2023) and consists mostly of weedy
species with persistent seed banks (Kellerman 2004).
Another persistent seed bank species found belowground
at all plots, but absent from the aboveground component
at a number of plots, is the alien E. bonariensis, whose
seeds can survive up to three years under field conditions
(Wu et al. 2007; Shrestha 2008). The lack of both
Pseudognaphalium sp. and E. bonariensis in the standing

@ Springer

vegetation may be attributed to the species’ responses
to specific disturbances (such as overgrazing, flooding
and fire). Pseudognaphalium has higher abundances and
dominance in overgrazed areas (Chen et al. 2024) and
areas exposed to flooding events (Westbrooke et al. 2005),
whereas E. bonariensis dominates in areas after fire as it
prefers light for enhanced germination (Florentine et al.
2021; Khapugin et al. 2016). We therefore suggest that, in
these highly transformed environments, the belowground
presence of weedy and alien species, with seeds that
remain viable in the soil for prolonged periods of time but
do not germinate until after severe disturbances, is further
contributing to the low similarity between the standing
vegetation and seed bank, as shown in other studies (Gioria
and Pysek 2015; Gioria et al. 2021; Moravcova et al. 2022).
If our sampling had targeted recently disturbed areas within
the urban grasslands, we believe it likely that many more
of the species in the seedbank would have been sampled
aboveground too.

In urban grasslands, road-induced fragmentation and
isolation typically lead to species population declines, local
extinctions, the loss of genetic diversity and the loss of car-
bon stores (White et al. 2000; Hejkal et al. 2017). Isolated
urban grassland patches can also experience substantial
edge effects due to fragmentation, further contributing to
species declines within these patches (Merola-Zwartjes
2004). As a result, a decrease in plant species richness in
remnant patches along a gradient from rural to urbanised
has generally been found, with a higher likelihood of local-
ised extinctions in highly urbanised areas (Williams et al.
2005b). We, therefore, in this study expected to find higher
numbers of species, both in the above- and belowground
components, in plots within larger vegetation patches, as
opposed to plots that form part of smaller, fragmented
patches. In addition, we expected the contribution of alien
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species to increase as the surrounding road-density — and
therefore propagule transport — increased. Contrary to
these expectations, however, we did not find trends in any
of the vegetation characteristics along such finer-scale gra-
dients of urbanisation within this already disturbed urban
environment. Nelufule et al. (2024) found similar results
for a number of the same reserves. More specifically, at
the larger spatial scale of the whole reserve, the number of
documented alien species was not determined by reserve
size (Nelufule et al. 2024). Our results complement this
study, by showing similar trends at plot scale. We suggest
that urbanisation in this region has potentially progressed
beyond the point at which further increases in road density
or reductions in surrounding grassland size affect vegeta-
tion indices, and that factors other than urbanisation are
therefore now driving differences in vegetation between
reserves.

Although reserve size and isolation did not affect veg-
etation characteristics such as richness and cover, the
urban grasslands of the City of Tshwane are not com-
pletely homogenised, and there are some clear differences
in species composition between reserves. Each reserve, for
example, had at least three species in the standing vegeta-
tion that were unique to that reserve (Table 4). The high
representation of alien species in either the standing veg-
etation or seed bank at some of the reserves was also not
caused by one specific alien species across the reserves,
but rather by various different alien species and alien spe-
cies combinations (Table 4). We propose that these differ-
ences are a result of a combination of dispersal limitations,
as well as different environmental conditions (e.g., topog-
raphy, geology and microclimate), land use histories and
management practices between reserves. Long distance
dispersal by wind is rare in grassland systems, with many
grassland species displaying limited seed dispersal capac-
ity (Tackenberg et al. 2003). For many species, therefore,
seeds do not disperse much further than the immediate
vicinity of the parent plant (Miller and Cummins 2003;
Czarnecka 2004; Schleicher et al. 2011). Roads and build-
ings surrounding the grassland patches add an additional
limitation, as they act as barriers, hindering dispersal and
increasing isolation of grassland patches (Williams et al.
2005a; Kowarik and von der Lippe 2011; Niu et al. 2018),
In addition to affecting native species, such dispersal limi-
tations caused by fragmentation may also affect the spread
of some of the alien species. For example, Malvastrum
coromandelianum, which typically spreads via animals
(Hill 1982), was limited to only one of the reserves, pos-
sibly due to the lack of animal dispersers between grass-
land patches.

Another contributor to the heterogeneity observed
between these urban reserves, is the different recreation
uses and management practices between the reserves.
For example, the reserves are home to different spe-
cies of larger mammals, e.g., a diversity of antelope
and African buffalo (Syncerus caffer) at Rietvlei Nature
Reserve, but a much lower density and much smaller
antelope at Skuilkrans Kopje, which introduce differ-
ent dispersal capabilities, as well as different types and
intensities of disturbances. Furthermore, although all
of the reserves are open to the public, the activities that
are allowed differ. At Groenkloof Nature Reserve hik-
ing and mountain biking take place, whereas at Rietvlei
visitors are restricted to their vehicles. Annual visitor
numbers also differ, with greater alien species richness
found in reserves with greater visitor numbers (Nelufule
et al. 2024). Lastly, differences in alien invasion between
reserves could also be a consequence of different eradi-
cation strategies, with some reserves, such as Rietvlei
Nature Reserve, actively employing aboveground alien
species management such as controlled burning and
invasive plant removal initiatives (1-5% aboveground
alien cover), and others, such as Kruin Park (30% above-
ground alien cover), having few to no alien control strat-
egies in place.

The levels of alien invasion, specifically of the below-
ground vegetation component, paint a bleak picture in
terms of the potential contribution of the soil seed bank
to the future restoration of these patches. The number of
seeds, persistent nature and high survival rate of the seed
bank mean that alien species are likely to re-appear once
they have been removed aboveground and control measures
will, therefore, either need to be repeated or will have to
affect the seedbank too. In addition, the long-range dis-
persal capability of several alien plant species, e.g., E.
bonariensis, Campuloclinium macrocephalum, Plantago
lanceolata and Bidens pilosa (Gitonga et al. 2015; Budu-
majji and Solomon Raju 2018; Iwanycki Ahlstrand et al.
2019; Bellache et al. 2022), means that isolated eradica-
tion efforts focused on individual reserves will probably be
unsuccessful, as re-invasion from surrounding reserves is
likely. We therefore suggest that eradication efforts should
be ongoing, removing undesired aboveground species at a
juvenile stage, before seed production and combining this
with reseeding of desired species to replace the depleting
alien seed bank. We further advocate that such restora-
tion efforts should be well-coordinated between individual
reserves, owners of other surrounding properties and the
municipality as a whole, to prevent re-invasion of cleared
patches.

@ Springer
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