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Key Points 
• Of the over 9400 seedlings that emerged from the seed bank, 128 species were identified, 67 % of which were 

native. There was a 30 % overlap in species found in the seed bank and local standing vegetation. 
• Bars and benches are statistically similar in their seed bank characteristics, but bars are significantly different 

to benches and floodplains in their standing vegetation composition. 
• Bar and bench seed bank composition is dominated by water-dispersed (hydrochoric) sedge, rush and herb 

species and few shrubs and trees. 
• Floodplains contain a high diversity of species on their seed banks and function more like terrestrial 

environments, with seed dispersal dominated by methods other than hydrochory. 
• Diaspores can float for between zero (Lomandras and larger diaspores) and greater than 14 days (wind/water 

dispersed diaspores) and potentially travel 21 km per day under low-flow conditions. 
• Revegetation from seed banks is useful for early-successional or pioneer establishment. 
• Supplementary planting or specific germination triggers are needed to establish shrubs and trees. 
• A high percentage of exotics can emerge from the seed bank. Weed management post-germination is 

required. Exotics tend to float for a greater length of time (and travel further) than native species. 
• Maintenance of seed sources (local standing vegetation and upstream seed sources) is critical for 

development of diverse riparian corridors. 
 

Abstract 
In this paper we present work on the characteristics and dynamics of the riparian seed bank of a sand-bed stream in 
eastern Australia (Wollombi Brook). Firstly, we will focus on the characteristics of the seed bank, namely the type, 
abundance and distribution of seeds in the riparian zone of Wollombi Brook and discuss whether these seed banks have 
the capacity to support the regeneration of diverse riparian vegetation. We highlight two sets of dynamics that 
contribute to the composition of riparian seed banks; local-scale seed availability from standing vegetation, and 
catchment-scale seed floating capacity from upstream seed sources. Finally, we present a range of practical implications 
for on-the-ground activity that aims to better utilise the riparian seed bank in river rehabilitation practice. 
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Introduction 
Riparian vegetation provides important habitat and is a critical influence on geomorphological and ecological processes 
by increasing habitat quality and heterogeneity, as well as reducing erosion through the capture and stabilisation of 
sediment. Consequently, over the last two decades, there has been increasing interest in using naturally occurring soil 
and sediment seed banks as a seed source for the revegetation of degraded ecosystems (e.g. Goodson et al. 2001, 
Jensen et al. 2008, Vosse et al. 2008, Gurnell et al. 2006).  

Supporting natural regeneration from the seed bank, most commonly by changing disturbance regimes, is an example of 
a passive restoration approach. For example, restricting livestock access to riparian corridors by fencing can improve the 
integrity of riparian habitat and increase the likelihood of survival for plants regenerating from the seed bank. Changing 
hydrological regimes via water regulation can also favour seed deposition and establishment of particular suites of 
species. The removal of dominant weeds or undesirable species can facilitate regeneration of more desirable species 
residing in the seed bank. Particularly  in depauperate sites where the direct application of soil/sediment collected from 
nearby reaches with known abundant seed banks may also be an option (Nishihiro et al. 2006). The success of any of 
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these approaches hinges on numerous factors, however it is important that the seed bank is both abundant and known 
to contain a diverse array of appropriate species for the range of environmental conditions common to the site. 
Hydrochory (dispersal of diaspores by water) also has a potential role to play in delivering an additional seed source to 
revegetation sites (Nilsson et al. 2010, Goodson et al. 2001). 

Regional setting and methods 
 
Regional setting 
This study was conducted along four stream reaches in the Wollombi Brook and Watagan Creek subcatchments of the 
lower Hunter Valley of NSW. All sites had well developed vegetation with moderate weed encroachment. 

Seed bank sampling and standing vegetation surveys  
Samples of soil and sediment were collected from bars, benches and the floodplain along a 100 m reach at each of the 
four sites. The samples were stored at 4°C before commencing seedling emergence experiments in the glasshouse 
facility at Macquarie University. Each sample was divided into six 450 cm3 subsamples which were each spread to a 
depth of approximately 1 cm over 2 cm of washed river sand in four 7 cm x 13 cm x 5 cm punnets (total n = 203). 
Glasshouse temperatures within were maintained at 18 - 23°C and samples were mist watered as necessary to maintain 
soil moisture. These conditions were intended to promote germination in as many species as possible. Each emergent 
seedling was identified to species level, tallied and then removed. Plants that could not be identified were replanted and 
grown to an age where identification was possible. The emergence study ran until germination ceased (no germination 
observed in any samples for two weeks; a total of 8 months). The seedling emergence method captures the germinable 
seed bank i.e. those species that readily germinate in response to favourable conditions. This method will fail to detect 
those species with long-term physical or chemical dormancy and thus presents a conservative estimate of the true 
potential of the seed bank for the regeneration of vegetation.  

Two quadrat surveys of the standing vegetation were conducted along each of the four study reaches during spring and 
autumn. Unique understory and canopy species were identified by observation from walking the length of the study 
reaches. 

Seed floating experiment  
Diaspores of 50 native and 10 exotic species from the Hunter Wollombi region were floated in distilled water at room 
temperature in a laboratory and observed for 14 days. We used ten replicate beakers for each species, each containing 
between one (for large species) and 50 (small species) diaspores. Water was rapidly but briefly stirred once per day prior 
to counting diaspores floating. Three lots of 100 diaspores were weighed to give average mass per 100 diaspores. 
Dimensions and roundness of between 5 and 10 diaspores were measured using an Olympus SZX-16 light microscope 
and AnalySIS Docu Software. Sphericity and Zingg shape category (rod, disc, sphere or blade) were estimated using 
Zingg’s diagram. A Cox proportional hazards model was used to determine which variables predicted an increased risk of 
sinking. 

Results and discussion 

General seed bank and standing vegetation characteristics  
As reported in O’Donnell et al. (in press.), a total of 9456 seedlings emerged from the seeds, spores and vegetative 
propagules present in the seed bank samples of bars (5134 seedlings), benches (1998 seedlings) and the floodplain (2324 
seedlings). In total, 128 species were identified from the seed bank, 67 % of which were native (Figure 1). 
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Figure 1 Seed bank and hydrochoric dynamics 

When the seed bank and standing vegetation 
composition were compared, a total of 182 species 
were identified, representing 55 families. Of these, 73 
(40%) species were present only in the seed bank, 54 
(30%) species were restricted to the standing 
vegetation and 55 (30%) species were present in both. 
Native species comprised 70% of the standing 
vegetation.  This means that there is only a 30 % 
overlap in the species composition of the seed bank and 
the standing vegetation in this system. This is 
comparable to the findings of Hughes and Cass (1997). 

When considering the seed bank and standing 
vegetation on the basis of geomorphic units, an 
interesting set of interactions was found (Fig 1). 

 
Firstly, the seed bank composition of bars and benches were similar to each other (ANOSIM, R = 0.097, p = 0.046), but 
both were significantly different to that of the floodplain (ANOSIM, R = 0.373, p = 0.001).  Secondly, the composition of 
standing vegetation on bars was significantly different to that of both benches and floodplains (ANOSIM, R = 0.427, p = 
0.001 and ANOSIM, R = 0.507, p = 0.001 respectively), with the benches and floodplains having similar assemblages. 
Thirdly, for bars there was no significant difference between the standing and seed bank. However, for benches and 
floodplains, seed bank composition was significantly different to that observed in the standing vegetation.   

Of 37 plant species identified by Schneider (2007) as key riparian species for revegetation activities in the region, the 
only species for which we detected a considerable seed bank was the shrubby tree Ficus coronata, which is planted 
along banks to aid stabilisation. However, four other target riparian revegetation species were identified in the seed 
bank, although they were less abundant. These were the grass Microlaena stipoides (and some root/stem fragments), 
rush Juncus usitatus, tussocky herb Lomandra longifolia and vine Cissus antarctica. 

Dynamics occurring on key geomorphic surfaces: Bars, benches and floodplains 

Bars 
As reported in O’Donnell et al. (in press.), rushes and sedge species such as Juncus (Juncaeae) and Isolepis (Cyperaceae) 
were most common on bars. Dominance by these semi-aquatic species indicates that inundation is still a major 
controlling factor for plant establishment on bars (Naiman and Decamps 1997). The high similarity between the seed 
bank and standing vegetation on bars is likely to reflect the importance of regeneration from the seed bank in 
determining vegetation composition after disturbances such as flooding and erosion. The high abundance of inundation 
tolerant sedges and rushes in the seed bank, are strongly suited to bar environments. Greater than 75% of the seed bank 
species were water and wind dispersed, suggesting the potential for bar seed banks to capture additional diversity from 
upstream and local vegetation assemblages. 

Benches  
As reported in O’Donnell et al. (in press.), the structural support of bench development is particularly important in 
streams where erosion and channel widening or incision has caused disconnection between the channel and floodplain. 
Later stages of bench development function as an “inset” floodplain. The formation of more stable geomorphic features 
such as benches is aided by the presence of sedges and rushes which can increase the roughness of channel margins 
thereby reducing the shear stress and velocity of flows on bar sediments. Similarly, perennial species may further 
increase the stabilisation of sediment through denser root-stock development. 

Perennial herbs, grasses and shrubs dominated the standing vegetation on benches, displaying a distinct shift away from 
the inundation-tolerant assemblages most common on bars. ANOSIM revealed bench vegetation to be similar to that of 
the floodplain, likely reflecting the reduced influence of inundation on these higher elevation landforms.  
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The seed bank of benches was compositionally different to that observed in the standing vegetation. Water-dispersed 
sedge, rush and herb species dominate the seed bank and a small proportion of grasses, shrubs, trees are present 
(shrubby trees such as Myrsine howittiana and Rhodomyrtus psidioides, as well as the large tree Tristaniopsis laurina). 
There was no detectable seed bank for the most common shrub and tree species found in the standing vegetation of 
benches.  

These findings suggest that hydrochoric seed dispersal is still persistent in the formation of bench seed banks. The 
capacity for regeneration from the seed bank to drive succession beyond the levels provided by herb, sedge and rush 
cover may be limited, and instead may depend on the availability of seed from nearby standing vegetation. 

Floodplains 
As reported in O’Donnell et al. (in press.), the species richness and taxonomic diversity of the floodplain vegetation was 
the greatest of the three geomorphic units. This may reflect the elevation of the floodplain and thus reduced disturbance 
associated with inundation, erosion and deposition. There was a high diversity of herbs, vines, ferns and grasses found in 
the standing vegetation of the floodplain with perennial herbs comprised nearly 50% of species, and grasses made up a 
further 25%. Small understory trees Neolistea dealbata and Abrophyllum ornans were observed only on the floodplain. 
Established trees and shrubs likely provide important sources of seed for the regeneration of vegetation after 
disturbance. 

The floodplain seed bank was taxonomically more diverse than that found for bars and benches, but was still significantly 
different in composition to the standing vegetation. The dominance of unassisted or animal-dispersed seed species in 
the floodplain vegetation suggests that recruitment from immediate and nearby vegetation is likely to be a more 
important mechanism for increasing species diversity than hydrochory. 

Seed floating capacity (hydrochory) and travel distances from upstream seed sources 
A summary of the results is in Figure 2. Unsurprisingly, wind and water dispersed diaspores floated for the longest times. 
Our results indicate that some important revegetation species such as Lomandra longifolia, L. hystrix and Gahnia aspera 
sink almost immediately, and are therefore unlikely to reach new areas through hydrochory.  Such species require seed 
supply from local seed sources. In contrast, species such as the Casuarinas , the sedge Bolboschoenus caldwellii, and the 
Melaleucas floated for a week or more. These species could potentially establish from more distant source populations.  
When modelled for the low flow condition (v = 0.246 m/s, n = 0.1, s = 0.0039 m/m, df = 25 cm), travel distance per day is 
potentially up to 21 km (if the diaspore is not deposited or trapped sooner). This means that a diaspore that enters the 
channel in the headwaters can travel up to 20 % of the available stream length in one day. Those that float for 1 or 2 
days will only disperse locally, while those that float for 7 to 14 days can be deposited/trapped in riparian corridors away 
from their sources (or potentially exported from the system). These findings are encouraging for native riparian 
revegetation potential using local, as well as upstream seed sources. However, several notorious exotic species also 
proved to be excellent floaters – with eight out of ten exotic species tested floating for longer than the median buoyancy 
time of two days, and five out of the ten exotics floating for longer than a week (Figure 2), translating to a potential 
travel distance from source of hundreds of kilometres under low flow conditions..  This highlights the import role the 
weed management in source areas can have in affecting riparian vegetation diversity (and quality).  Even very distant 
sources of exotic diaspores could result in exotic species establishing in riparian revegetation zones. 

 

 
Figure 2 Floating capacity of a range of native and exotic species found along Wollombi Brook 

 
Fryirs, K., O’Donnell, J., Carthey, A. & Leishman, M. Is passive revegetation through utilization of soil seed banks a viable rehabilitation option in riparian 
ecosystems? , in Vietz, G; Rutherfurd, I.D, and Hughes, R. (editors), Proceedings of the 7th Australian Stream Management Conference. Townsville, 
Queensland, Pages 268-273. 271 



7ASM Full Paper 

Fryirs et.al. – Utilising seed banks in revegetation of riparian corridors  

 

Conclusion: Implications for riparian revegetation utilising the seed bank 
Riparian seed banks do display high levels of diversity, some of which is not found in the surrounding standing 
vegetation. Therefore, utilisation of seed banks potentially provides an important passive revegetation tool for riparian 
management (with some qualifiers!). 

Firstly, the high seed bank abundances of herb, sedge and rush species is typical of these species adapted to disturbance. 
As such, regeneration from the seed bank after disturbance events after such as flood scouring or deposition may be 
most suited to early-succession, pioneer species or good floaters. Supplementary planting of desirable species that fail to 
establish for whatever reason, will often be required to achieve rehabilitation goals. 

Secondly, a limited number of shrub and tree species germinated from the seed bank. This could be due to several 
factors: 1) seed dormancy and failure to provide appropriate germination triggers under glasshouse conditions; and 2) 
many tree species, including the locally dominant later-successional Eucalyptus species rely more on transient seed 
banks and/or seed release coincident with hydrological regimes to maximise the likelihood of germination and 
subsequent seedling survival. Ongoing research is needed on rehabilitation techniques that can be implemented to 
trigger the germination of later-succession species (e.g. watering regimes, fire, smoke, disturbance etc.).   

Thirdly, several abundant species were exotic, which is typical of many riparian areas, especially those influenced by 
human activity. The majority of exotics we detected were non-noxious grasses, herbs and sedges. However, some 
invasive exotic species can be quick to take advantage of the spaces opened by disturbances and may produce prolific 
numbers of persistent seeds which are easily transported through riparian corridors. As such, assessment of the 
presence of exotic or invasive species in the seed bank through methods such as seedling emergence studies, prior to 
management activities that support regeneration from the seed bank, are very useful. Supplementary weed 
management/control will be required should the seed bank be utilised in a revegetation strategy. 

Fourthly, the role of hydrochory in delivering both native and exotic diaspores to riparian revegetation sites is an 
important consideration in a revegetation strategy. Some desirable native species (e.g. Lomandras) are fast sinkers, and 
will need to be directly planted or may only arrive at revegetation sites through hydrochory if source populations are 
located nearby. Some other species will travel long distances, and it may therefore be unnecessary to spend additional 
effort in manually establishing these species as part of restoration efforts (e.g. Casuarinas). Unfortunately the highly 
buoyant nature of some exotic species means they have the potential to travel long distances to invade recently 
disturbed riparian sites, even under low flow conditions. Thus control of potential sources of weed species needs to be 
considered at a very broad scale to limit their establishment in revegetation sites. 

Fifthly, maintenance of seed sources is critical to the establishment of a diverse riparian corridor. Local standing 
vegetation and upstream seed sources are both key components of revegetation dynamics in riparian corridors.  
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