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Abstract 

Intertidal communities are shaped by environmental and biological stress. Freshwater 
inputs are of particular note, because some species are very well adapted to estuarine or high 
rainfall areas, while others are more vulnerable to osmotic stress. The nutrients that freshwater 
brings can also have strong effects on the associated algal communities. Kwakshua channel, 
between Hecate and Calvert Islands on the British Columbia coast, provides a protected 
environment for intertidal primary producers with several incoming creeks, and is an ideal study 
site for understanding spatial differences in this ecosystem. We consider the impact of fresh 
water on primary producer communities near four creeks along Kwakshua Channel, each of 
which drains from a different bog system and each of which has recorded dissolved organic 
carbon (DOC) measurements. Using percent cover measures along a 40m transect we determined 
that distance from a creek mouth had a strong effect on the associated primary production 
community, but that there was no effect attributable to DOC. The two most abundant marine 
species, Fucus distichus and Hildenbrandia rubra, both failed to grow within 3m of any creek 
mouth, despite being reportedly well-adapted to low salinity conditions. There was a significant 
difference in both flora and geomorphology associated with Shallow Bay Creek, leading to an 
estuarine-like wetland system dominated by terrestrial plants. This system is most likely a result 
of sediment deposition from the upper reaches of the creek. We conclude that intertidal 
productivity is not nutrient limited, and that the trends we observe are instead driven by salinity 
gradients and localized topographic effects. 
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Introduction 

The Central Coast of British Columbia supports an abundance of biotic diversity 

(Ministry of Forest, 1999), and the marine intertidal of the area is an excellent example of this. 

The intertidal prospers as a result of marine upwelling zones in the Pacific Ocean that provide 

nutrients to fuel the high productivity (Mackas et al. 1980). Within the intertidal there exist 

numerous primary producers, including marine algae, freshwater algae, and in some cases 

terrestrial plants - the most abundant and successful of these are the marine algae. 

Algae are photosynthetic organisms that can exist in both freshwater and marine aquatic 

environments. These include microalgae, that are microscopic, and macroalgae (ie. seaweeds) 

that are larger and mostly visible to the naked eye. Algae are subdivided into three groups: red, 

green and brown. These groupings are based on pigmentation, storage features, and cell anatomy 

(Lindeberg & Lindstrom, 2010).  Different species of algae exist in varying regions of the 

intertidal zonation, but together they make up the base of the marine food web (Druehl, 2000). 

Intertidal terrestrial plants and marine algae hold anthropogenic importance along the 

coast of British Columbia. Many species are, and have been, eaten by First Nations communities 

or are important to cultural practices (Turner, 2004; Pojar &Mackinnon, 1994). Silverweed is an 

example of one terrestrial intertidal plant whose roots are harvested for consumption and 

medicine (Pojar &Mackinnon, 1994). Modern industry is concerned with marine algae because 

they are used in areas like food, plant fertilizers and renewable energy sources (Druehl, 2000). 

Perhaps the best-known example is the cultivation of Pyropia (Nori), which is farmed in many 

places around the world, including British Columbia, to support a high demand in the food 

industry worldwide (Mumford, 1990). With high cultural and industrial values placed on these 
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types of intertidal species, it is important we understand their community ecology in order to 

monitor and conserve them well into the future. 

In order to interpret community ecology it is vital to understand the source of spatial and 

temporal differences in an ecosystem (Scheomean, 2002). There is a wide range of stressors on 

the intertidal community that leads to strong vertical zonation: species are specialized for a very 

specific set of conditions in which they live. Such stressors include extreme temperature 

variation, ultraviolet radiation, biotic competition, and predation (Tomanek & Helmuth, 2002). 

Substrate composition and gradient, have further been noted as playing an important role specific 

on intertidal species (Lindeberg & Lindstrom, 2010). Sandy substrates do not provide the firm 

footing most algae require to withstand current in comparison to rock substrates.  

To understand the larger perspective of these primary producer community patterns in the 

intertidal, one needs to consider the stressors previously described and more. One additional 

important factor to consider is freshwater runoff and its effect on terrestrial and marine transition 

zones. The physiological impact of salinity on marine algae is well documented (Li & Brawly, 

2004; Kim & Garbary, 2006; reviewed in Garbary, 2006), and large-scale estuarine interactions 

have been considered at some length (Elliott and McLusky, 2002). The salinity gradients 

surrounding smaller creeks and estuaries are less well understood, especially their impact on 

primary producers. 

Kwakshua Channel, between Hecate Island and Calvert Island, British Columbia, is 

representative place to investigate the effects around creek mouths. This channel is roughly 7.5 

kilometers long and has a maximum depth of 135 meters.  It is a glacial fjord, with steep walls 

punctuated by estuarine lagoons and bays of varying lengths and gradients. The area is protected 
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from prevailing weather by surrounding islands. Productivity and diversity are high along the 

basalt and granite walls of the intertidal.  Bays and lagoons that extend a long distance from the 

inlet are generally filled with sand and mud, but that substrate is flushed out of the shallower 

bays, leaving them rocky. There are five watersheds larger than 200ha that drain into the inlet as 

creeks from the lakes and bog systems of Calvert and Hecate Islands (Ian Geisbrecht, 

pers.comm.). Bog systems in particular are known to contain significant levels of dissolved 

organic carbon (DOC) from decaying biota (Evans et al, 2005).  

Dissolved organic carbon has well-established effects on aquatic systems and the oceans 

into which they drain (Gergel et al., 1999; Zweifel et al., 1993; Krom & Sholkovitz, 1977). DOC 

inputs can alter the physical, chemical and biological make-up of water, protect aquatic flora and 

fauna from UV radiation, and reduce the light available for photosynthesis (Gergel et al, 1999). 

If the marine system that bog run-off is flowing into is already nutrient saturated, the additional 

nutrients from run-off water will have less of an effect (Barron et al, 2003; Krom & Sholkovitz, 

1977).  

This study aims to work in concert with ongoing research by staff at the Hakai Beach 

Institute that monitors the hydrology and biology of all the large watersheds in the region. We 

ask the question: “How does distance from a creek mouth affect primary producer communities 

of Big Spring Creek, Hecate Creek, Shallow Bay Creek, and Waterfall Creek within Kwakshua 

channel, and is that effect modulated by DOC?” The following are our hypotheses. 

H(1a):Distance away from creek mouth will have an effect on intertidal primary producers. 

H(1o):The above will have no effect. H(2a): Creek outflow DOC concentration will have an 

effect on intertidal primary producers. H(2o): The above will have no effect. 
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Methods 

Site Selection 

We chose four creeks from Kwakshua channel within the central coast region of British 

Columbia to consider for this study (Figure 1, Table 1). One site was located on Hecate Island 

and three were on the north side of Calvert Island. Each surveyed creek was fed from a separate 

watershed on one of the two islands.  The sites were chosen from the creeks included in the 

Hakai Bog Forest Project with pre-existing measurements of DOC concentration at the creek 

mouths (Ian Geisbrecht, pers. comm.). Four randomly determined sites on the shoreline of 

Kwakshua Channel were used as non-creek associated controls. 

 

Figure 1. Map of northern Calvert Island and Kwakshua Channel. Black dots represent 
dissolved organic carbon measurements showing creeks for which there are 
measurements of DOC concentration in 2012, with larger dots having a higher 
concentration (Hakai Beach Institute Bog Forest Project). Orange arrows indicate 
study creeks: 1) Big Spring Creek 2) Hecate Creek 3) Shallow Bay Creek 4) Waterfall 
Creek. Background image from Hakai GIS (Hakai Beach Institute) 

	   	   	  

	  

1 
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Calvert	  Island 
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Table 1: Study site locations within Kwakshua Channel 

Site Latitude (decimal 
minutes) 

Longitude (Decimal minutes) 

Waterfall Creek 51˚ 38.899’ 127˚ 59.780’ 

Shallow Bay Creek 51˚ 38.949’ 128˚   1.562’ 

Hecate Creek 51˚ 39.432’ 128˚   2.703’ 

Big Spring Creek 51˚ 38.968’ 128˚   4.153’ 

Control 1 South Shoreline 128˚   4.926’ 

Control 2 South Shoreline 128˚   3.063’ 

Control 3 North Shoreline 128˚   4.441’ 

Control 4 South Shoreline 128˚   3.264’ 

 

Transect Location 

We determined the tidal height of the upper boundary of Fucus distichus by measuring at 

eight sites within Kwakshua Channel. We considered the average height above chart datum 

separately for the north side of the channel (390cm) and the south side of the channel (430cm; 

together called Fucus height), and placed our experimental transect line at that height when 

operating on the north or south side respectively. Transect length and quadrat location were 

based on data presented in Wortmann et al. (1998), who considered the extent of macroalgae in 

South African estuaries. 

Experiment 

At each site, the transect was placed at Fucus height extending 20m outwards from the 

creek mouth. In this context, the creek mouth is defined to be the centre of the creek channel at 

Fucus height. Six 0.25m2 quadrats were placed on each side of the creek, one each at 0, 1, 3, 6, 
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10, and 20m. Within each quadrat we recorded the percent cover of all visible marine and 

freshwater macro-algae and terrestrial plants. At Shallow Bay Creek an additional quadrat was 

sampled at 70m along the transect line (Figure 2). 

 

 For creeks with multiple channels (Big Spring Creek), transects started from the centre 

of each outermost channel (Figure 2 inset). This ensured that the transect line would best sample 

the gradient of freshwater influence in larger estuaries. For control sites, quadrats were placed at 

Fucus height and the species percent cover within the quadrat was recorded using identical 

methods 

.  

Figure 2. Schematic of quadrat sampling at a given creek mouth. Quadrat distance is 
measured from the centre of the creek channel, 4.3m above chart datum on north aspect 
sites, 3.9m on south aspect sites. Quadrats are taken from both sides of the creek – those 
on the right side of the creek are omitted from the diagram. Numbers within the quadrats 
indicate the number of metres from zero. Inset demonstrates splitting the centre of the 
transect to sample the area outside the outermost creek channel of a braided creek. In this 
case, quadrats are laid outwards from 0 as for non-braided sites. 

Creek 
High	  tide 

Low	  tide 

Transect	  line 
Channel	   
Centre	  (0m) 

Terrestrial 

Subtidal 

4.3(3.9)m 

	  

	   	   	  
	  

	  

0 
1 

3 6 10 20 
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Data Analysis 

Algae and plants were grouped according to the functional space they occupy (analogous 

to canopy layers in a terrestrial system, see table 2). We assumed that if two or more species 

within the quadrat could co-occur (that is, they occupied different functional layers) that they 

then would co-occur and their combined percent cover would be equal to that of the greatest 

functional layer. We defined bare rock and barnacles to cover any remaining surface by the 

following: 

  Bare rock/barnacle = 100% - (single largest functional layer value) 

This calculation was performed for each quadrat independently, and appended to the data sheet. 
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Table 2. Functional layer groupings for surveyed macro-algae and plants 

Data Sheet Entry Functional Layer 

bare rock/barnacles Substrate 

Fucus distichus Foliose 

Monostroma grevillei Foliose 

Ulva intestinalis Foliose 

filamentous green Foliose 

Mastocarpus papillatus Foliose 

other red Foliose 

other green Foliose 

Carrot Foliose 

Potentilla anserine Foliose 

Hildenbrandia rubra Crustose 

Ralfsia fungiforme Crustose 

diatom mat Crustose 

Grass Crustose 

freshwater green algae Crustose 

Moss Carpet 

Lichen Carpet 

 

The data were then normalized to a maximum total cover of 100 percent and square root 

transformed before being analyzed in PRIMER Multivariate Statistics Package and visualized 

using nMDS ordination plots. A one-way ANOSIM was calculated testing for differences in 

overall percent cover between sites. Two-way ANOSIMs were calculated testing for differences 

in percent cover and distance from the creek mouth, as well as percent cover and creek DOC. All 

tests used alpha=0.05 which corresponds to significance level=5%. SIMPER analyses were used 
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to consider the relative contributions of species to any observed differences. Fucus distichus and 

Hildenbrandia rubra were the most abundant marine species, and their distributions are 

considered in more detail.  

Results 

 Disregarding site, distance had a significant effect on the primary producer 

communities at the experimental creeks (R=0.408, Significance=0.1%; consider figure 3), 

demonstrating a strong transition between near-creek and distant quadrats. Considered on its 

own, site had a statistically significant, but less robust, effect (R=0.162, Significance=0.1%). 

Pairwise analysis of the site effect showed that Shallow Bay Creek was significantly different 

from all other sites (table 3; figure 4). This effect was in large part due to the freshwater and 

terrestrial associated species found at that site (average dissimilarity contribution of 11% and 

30% respectively, visible in figure 3). Freshwater associated algae decreased with distance from 

the creek mouth, but marine associated algae and terrestrial species appeared unaffected by 

distance until the 70m quadrat, which was dominated by marine associated species. 
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Table 3 ANOSIM results for comparison between sites. Statistically significant 
(Significance <5%) results are indicated by (*) 

Comparison Creeks R Statistic Significance Level 
(%) 

Big Spring Creek Shallow Bay Creek 0.293 0.2* 

Big Spring Creek Kwakshua Channel 0.379 3.8* 

Hecate Creek Waterfall Creek 0.028 20.2 

Hecate Creek Shallow Bay Creek 0.253 0.1* 

Hecate Creek Kwakshua Channel 0.211 8 

Figure 3. Percent cover moving outwards along an experimental transect of marine-, 
freshwater- and terrestrial-associated species in 0.25m

2
 quadrats from four creeks in 

Kwakshua Channel. Measurements were taken at each listed distance on the X-axis, 
note that not all measurements were taken at all sites – measurements were taken only 
where there is a listed value along the X-axis. The creeks are a) Big Spring Creek b) 
Hecate Creek c) Shallow Bay Creek d) Waterfall Creek   
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Waterfall Creek Shallow Bay Creek 0.267 0.3* 

Waterfall Creek Kwakshua Channel 0.004 44.6 

Shallow Bay 
Creek 

Kwakshua Channel 0.338 3.9* 

 

 

In general, F. distichus and H. rubra coverage increased away from the creek mouth – 

this trend was observed in all sites (Figure 5). This increase occurred farther from the creek 

mouth at Shallow Bay Creek, beyond the 20 m quadrat, but was observed between 20m and 

70m. At 3m from the creek centre, only Big Spring Creek had any percent cover of F.distichus 

(7.5%). In all four sites, the 0 and 1 meter marks showed a complete absence of F. distichus. 

	  
	  

Figure 4. nMDS ordination plot of 0.25m
2
 quadrats measured at five sites, disregarding 

sample distance. Shallow Bay Creek (red diamonds) was the only site found to be different 
from the other sites. 
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At twenty metres from the creek centre H. rubra was present on both sides of Waterfall 

Creek and on one side of Hecate Creek, only scarcely appearing on one side of Big Spring 

Creek. H. rubra was never closer than six metres to the creek centre.  

There were no significant differences between DOC ranked creeks in the fall (R=-0.778, 

Significance=90%) or in the spring (R=-0.375, Significance=100%). 

 

 

 

Figure 5. Percent cover along an experimental transect Fucus distichus and Hildenbrandia 
rubra in 0.25m

2
 quadrats from four creeks in Kwakshua Channel. Measurements were taken at 

each listed distance on the X axis, note that not all measurements were taken at all sites. The 
creeks are a) Hecate Creek b) Big Spring Creek c) Shallow Bay Creek d) Waterfall Creek   



	   15	  

Discussion 

We attribute the significant change in the primary producer communities over distance to 

the strong influence of freshwater, but found no significant evidence to support any effect that 

DOC might have had between sites. Instead, we attribute the differences between Shallow Bay 

Creek and our other sites to physical characteristics of the creek mouths: geomorphology, 

substrate, and vertical zonation. These are the factors that drive the terrestrial- and freshwater-

associated species that are most responsible for the difference between Shallow Bay and our 

other study sites.  

Distance Effects 

  Most critical for intertidal species habitation, in relation to distance, is the salinity 

gradient between the fresh water directly at a creek mouth and the surrounding salt water. The 

effects from freshwater on sessile biota differ with distance from the inputs (Edelstein & 

Machlacklan, 1975) and our results show this. As the quadrats moved further from the creek 

center, the total marine species percent cover increased at most sample sites. We suspect this 

demonstrates the stress that fresh water has on the marine macro-algal species and their ability to 

exist in low salinity environments. Big Spring and Hecate Creeks both followed this rising trend 

particularly well in marine species, most notably F.distichus and H.rubra. At Shallow Bay 

Creek, there was an evident transition from fresh water to terrestrial, and terrestrial to marine-

associated species across the distance gradient. These results are consistent with Elliott and 

McLusky (2002) and Kirst (1990) and show a second trend of terrestrial plant decrease away 

from freshwater inputs. Waterfall Creek, the exception, showed an increase in marine species but 
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had a strong signal in the zero meter quadrat due to an unidentified green alga. We suspect this 

alga is actually a freshwater-associated species, which further strengthen these observed patterns. 

Fucus distichus 

F. distichus was a dominant species at both the creek and the control sites and is common 

throughout the region. Edelstein & McLachlan (1975) found that F. distichus distribution was 

predominantly controlled by desiccation (a function of tidal height), and temperature (a function 

of the time an alga spends exposed, closely related to tidal height). F. distichus is not commonly 

nutrient limited (Barrón et. al, 2003), but it is particularly tolerant of freshwater inputs 

(Lindeberg & Lindstrom, 2010). The freshwater output of the sample creeks varies wildly 

depending on the amount of recent precipitation (pers. obs.). It is possible that unexpected high 

runoff scenarios cause extreme variance of salinity and are controlling F. distichus distribution, 

limiting its survival in the brackish waters immediately next to the creek channels.  

F. distichus showed a substantial increase between 10 and 20 metres in three of the 

sample sites, and between 20 and 70 metres at Shallow Bay Creek. This agrees with Edelstien & 

McLachlan (1975) insofar as F. distichus’ coverage decreases as the effects of habitat stressors 

increase. One potentially confounding factor is colonization time required for F. distichus to 

become established in a habitat, which Edelstien & McLachlan (1975) observed to take up to 

several years in an area of intermediate disturbance. Riverbeds are disturbed on a regular basis 

by erosion and sediment transport, especially in areas of highly variable flow, which will limit 

the ability of any benthic organism to grow (Malmqvist & Otto, 1987). Our control sites 

demonstrated high coverage of F. distichus and had a theoretically more suitable habitat with 

relatively low variations in salinity and more tidal flushing.  
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Hildenbrandia rubra 

The second prevailing species at our study sites was Hildenbrandia rubra. It is extremely 

robust against salinity and temperature stress, but slow to colonize new habitats (Kim & Garbary, 

2006). The decrease in H. rubra found near creek mouths in our study is not consistent with Kim 

& Garbary (2006), but their study did not consider areas of unstable substrate. We suggest that 

the limiting factor of H. rubra in these sites is the rapid perturbation of substrate associated with 

variable creek flow (Malmqvist & Otto, 1987), possibly in conjunction with suboptimal salinity. 

The salinity stress in these creek sites is stronger and more prolonged than the stress in Kim and 

Garbary (compare Kim and Garbary, 2006, to Benjamin, unpub. data).  H. rubra appeared more 

consistently when there was a higher marine influence, especially at the twenty metre quadrats at 

Waterfall Creek and Big Spring Creek, and in the controls.  

Dissolved Organic Carbon (DOC) 

 

We were unable to detect any measurable effect on the macro-algal community 

attributable to DOC. Barrón et. al (2003) examined a similar ecosystem and concluded the 

system was not nutrient limited. The Northwest Pacific coast is a very productive marine 

province characterized by high nutrient levels (Whitney & Robert, 2002). Therefore, if 

productivity is already limited by a different factor we would not expect additional nutrient input 

to have a substantial effect.  
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Differences and Similarities Between Sites 

Geomorphology 

We suspect gradient to be the major factor as to why Shallow Bay Creek varied so 

notably from other sites and controls in terms of primary producer communities, although we 

have no quantitative measurements. Shallow Bay Creek appeared to have the shallowest slope, 

meaning that a high tide will inundate a much greater area than at other sites generating a larger 

estuarine habitat that nurtures brackish-water species (Mackenzie & Moran, 2004).  

The geomorphology of the area around Shallow Bay Creek most likely lead to the 

accumulation of soil substrate near the mouth which was not present at the other three sites. We 

suspect that erosion further up the creek created the sediment, which was then deposited on the 

floodplain near the mouth of Shallow Bay Creek (Hudson, 1995; Bull, 1979). It would also be 

plausible that sediment is being supplied from the sea if the estuary were tidal dominant, but this 

is unlikely due to the deep water immediately offshore (Hudson, 1995).  

Big Spring and Waterfall creeks, in comparison to Shallow Bay may not have sediment 

collection that leads to an estuary formation because the lakes above them act as sediment sinks 

(Håkanson, 1982) and prevent sediment from reaching the sea. Water from these creeks also 

drops much more precipitously into the sea due to a steeper intertidal gradient, such that any 

sediment dropped by slowing water would be within reach of daily tidal erosion (Bull, 1979). 

Substrate 

Substrate, as influenced by the geomorphology and currents of a region, plays a critical 

role in intertidal community composition (Lindeberg & Lindstrom, 2010). Measured quadrats at 
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control sites and creek sites, except for Shallow Bay Creek, consistently had hard rock substrate. 

Shallow Bay Creek often had a partially soil substrate, which hosted a vibrant terrestrial-

associated community. At the remaining sites species like F. distichus, H. rubra, Monostroma 

grevillei, and Ulva intestinalis were commonly noted on rock substrate surveyed within the 20m 

transect range, and are known to grow far better on rocks than on sand or mud (Lindeberg & 

Lindstrom, 2010).  

Terrestrial Plants Species 

Shallow Bay Creek varied from the other research sites by the presence of vascular plant 

species along the upper intertidal region. This sort of estuarine ecosystem is defined as an 

intertidal community that occurs where freshwater influences a marine environment and where 

brackish tidal waters often flood (Mackenzie & Moran, 2004). The estuary at Shallow Bay Creek 

was much smaller than most previously studied estuaries because the creek feeding it is smaller, 

and because it is fed from small lakes and bogs rather than large lakes and glaciers, however it 

still meets the definition of an estuary (Mackenzie & Moran, 2004). 

Estuaries are known to have plant species along the water’s edge that have specialized 

morphology to tolerate both saltwater and freshwater inputs (Mackenzie & Moran, 2004). Along 

the higher levels of the intertidal at Shallow Bay Creek we found silverweed (Potentilla 

anserina), which is typical of these estuarine transition regions (Vegetation, 1998). The thin 

accumulation of soil observed at the top of this creek, not evident at other sites, was enough for 

P. anserina and other species to set root.  Freshwater silky tufted moss (Blinda acuta) was also 

found along the rocks within Shallow Bay Creek, but was not seen at any other sites, and is 

known to exist within fast running fresh water (Pojar & Mackinnon, 1994). 



	   20	  

Vertical Transition 

Finally, the marine intertidal is a highly variable environment in general (Harley & 

Helmuth, 2003). The apparent lack of difference between three of our study sites is most likely 

reflective of the high variability throughout the intertidal making it challenging to detect 

differences with few samples. Furthermore, we observed that there was a much greater 

difference between the creek sites and the control sites at lower tidal heights immediately below 

the transect line. In particular F. distichus consistently covered 90-95% of any given 0.25m2 area 

below the 20m quadrats, but we were unable to sample that difference in this study. Any 

unintentional variations in the tidal height at which we laid our transect would generate 

significant confounding effects by sampling different intertidal zones, which can themselves vary 

with distance and time (Druehl, 1967; Bertness and Ewanchuck, 2002). Our study targeted a 

vertical transition zone deliberately (the upper extent of F. distichus), making it particularly 

vulnerable to this source of error. 

Recommendations  

We observed significant changes in the invertebrate community around creek mouths, 

predominantly in the mid intertidal. Consideration of the invertebrate community could show 

more significant differences than were found in the algal and plant communities. A more detailed 

examination of the vertical zonation near creek mouths and a detailed census of the estuarine 

meadows would also be of great interest, elucidating the different effects that freshwater has on 

intertidal zones. Further work could repeat a similar study but consider substrate, invertebrates, 

and depth zonation with respect to a geomorphological characterization of each creek. 
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Conclusion 

We found that distance away from a creek mouth had a significant effect on percent 

cover increase of marine species and a decrease in freshwater algae and terrestrial plants. Within 

the intertidal community, the marine species F. distichus and H. Rubra were most responsible for 

the trend observed in marine species. It appeared that DOC had no effect, which led us to infer 

that the physical characteristics of a creek, geomorphology, substrate and vertical zonation, 

played a major role in shaping the associated community structure. 
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Appendices 
 
Appendix 1: Control sites 
 

 
 

  

Figure 6, App. 1. a) Percent cover of all marine-, terrestrial- and freshwater-associated 
species within a 0.25m

2
 quadrat at 4 control sites in Kwakshua Channel. b) Percent cover of 

Hildenbrandia rubra and Fucus distichus at the same quadrats. 
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Appendix 2: DOC Ordination Plot 

 

	  

Figure 7, App. 2. nMDS ordination plot of 0.25m
2
 quadrats measured at five sites, grouped 

according to dissolved organic carbon (DOC) where 1 is very low and 4 is very high. There 
were no significant trends in the data. 


