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Presenter
Presentation Notes
Hi, I’m going to talk about some work that me and my lab at Simon Fraser have done in collaboration with the Lax Kwa’laams Fisheries and the Skeena Fisheries Commission. When I started my Masters at Simon Fraser, I never imagined what I might learn, simply from looking inside a salmon, smelt, or herring. I have been truly fascinated by the story these fishes stomachs have told and what it means for how they use estuaries, and how we could impact these food webs.�But let’s start with a little background context.
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Estuaries are where rivers meet and mix with the sea, are incredibly productive, act as nurseries and refugia, and are one of the most impacted systems on earth. And there is, as with most things, a strong correlation with increasing human populations and decreases in species abundances across estuaries. There have been particularly high reductions of diadromous fishes, such as salmonids as well as small pelagic fishes like Pacific herring and surf smelt. These decreases in fish abundance are paired with decreases in several forms of vegetative habitat such as eelgrass, wetlands, and other submerged aquatic vegetation.



Presenter
Presentation Notes
And this is concerning because many people rely on these species for food, income, and cultural uses, and many more animals rely on them for food as well. And I recognize that these declines in abundance are not occurring in a vacuum of only impacts of estuaries, but estuaries are often a bottleneck to migrations of populations that span thousands of square kilometers and hundreds of millions of individuals. They are the places where millions of more larval fish come to grow and survive. And they are the places where even adult pelagics gorge themselves and ready reproduction.
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For an example of the diversity and numbers that can bottleneck at an estuary, let’s travel to the mouth of the Skeena near Prince Rupert, BC, where prior research from my lab group identified that it is a nursery to at least 40 different populations of salmon that often migrate through the estuary in the hundreds of millions. They also stay in the estuary anywhere from hours to weeks, integrating with estuary habitats and food webs in a diversity of ways.



Surf Smelt 

Pacific Herring 
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The Skeena estuary is also used by adult surf smelt and Pacific herring, who are likely using it as a predator refuge, prey hotspot, or staging ground pre-spawn. But more research is needed in this area of adult pelagic uses of estuaries, as estuary research often focuses on the nursery aspect as estuaries and not always their importance to adult life history stages. All we know is that these small pelagic fishes are there, they are abundant, and they eat lots of copepods!
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And by lots, I mean lots and lots and lots! Let’s dive into some results from my research that show how much different prey species contribute to the diets of surf smelt and Pacific herring. The index of relative importance is calculated from the proportion of both weight and abundance that prey make up in a predators diet and is weighted by how frequent that prey item occurred across all individuals, these numbers on the far right of the graph denote the frequency that each of these prey occurred across samples. As you can see, some species occurred in almost all individuals, such as Calanoid copepods and some occurred very rarely, like Harpacticoid copepods. On the x-axis, the higher the index number, the more it is eaten by more individuals overall, and this dotted line is the average index of relative importance score for all individuals that I sampled from the Skeena estuary for a given species. 
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And when we look at the data, it is evident that Calanoid copepods were by far, the primary prey items of both herring and smelt. These species also have a couple of prey, which I’ll refer to as secondary prey, that they consumed around an average amount compared to those that were consumed rarely. And despite these differences in secondary prey looking seemingly small here compared to how much Calanoid copepods dominated their diets, when you combine the index of relative importance results with results from my selectivity analysis, which compares the proportion a prey makes up of diet contents compared to the proportion it is found in the environment, it starts to paint an intriguing picture



Selection Selection 
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A quick orientation of these figures, Chesson’s alpha is an electivity index, with numbers above the dotted line representing prey that were consumed above what is called the neutral electivity score, suggesting that they are selected for in the environment, and numbers below the neutral electivity score are prey that were proportionally lower in diet samples than the environment.I want to first draw your attention to the similarity that decapod zoea are selected for by both predators quite strongly, 
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whereas when we flip back to the first figure, decapod zoea were consumed below the average amount, and when I also know that decapod zoea are one of the least abundant species that we caught in our zooplankton survey tows, i.e. they had a low occurrence in the environment, this suggests to me that decapod zoea could be a preferred prey item of small pelagic fishes, and at the very least they opportunistically chow down on these prey when they do see them, which is cool! 
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But what’s even cooler is the difference between herring selecting for barnacle cypriids and smelt selecting for hyperiid amphipods. Because, why would two fish that are seemingly sharing an otherwise overlapping diet niche suddenly decide to diverge at these two very different prey items? Especially when I tell you that barnacle cypriids were quite common, look like this, and are even occasionally abundant, and amphipods are surprisingly rare in our seascape and look like this, completely? At the moment, I have several thoughts on why herring and smelt are integrating differently with these two prey, but would love to chat with anyone who might know more about these planktons and their behaviour.
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So in summary: Both Herring and Smelt primarily fed on Calanoid copepods, selected for decapod zoea, AND both consumed pteropods as a secondary prey which I forgot to mention, and then diverged in the selection between barnacle cypriids and hyperiid amphipods. 
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OK, lets move onto my two salmon species! The coho, not surprisingly were pretty piscivorous and insectivorous with both of these prey ranking highly on the index of relative importance, which is in line with prior research from other estuaries. They also consumed pteropods as a secondary prey, like the herring and smelt, and so do sockeye! Whereas instead of consuming any Calanoid copepods, Coho consumed a different type of copepod group, 
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Harpacticoid copepods. And for sockeye, these Harpacticoid copepods are their primary prey item! With Calanoid copepods in second for sockeye and non existent in coho diets.
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And if we take a look at the electivity scores, first I’ll note again that both species are eating and likely selecting decapod zoea in the environment like the pelagic fishes were.But interestingly, coho are eating Harpacticoid copepods just below the neutral selection threshold, which is understandable as they are primarily eating other things, which you may notice fish and insects are not included here which is because of our sampling design, but sockeye are being highly selective of harpacticoids and consuming calanoid copepods just below the neutral selectivity threshold, suggesting that they might be “avoiding them” or possibly they are just unable to capture them efficiently.Now this is fascinating to me because harpacticoid copepods are orders of magnitude lower in abundance in the water column compared to calanoid copepods, so why would juvenile sockeye salmon be eating harpacticoids over calanoids?



Buskey et al. 2002 
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First, lets look at the copepods biology. Calanoid copepods are typically pelagic species and distribute throughout the water column. They are also one of the most evasive animals on earth with burst speeds of over 400 times their body length in a mere second.Whereas Harpacticoid copepods are much slower, typically deep in the water column because they are epibenthic or phytal, and have lots of spikes, hypothetically making them less palatable”
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And if we think about the biology of the pelagic fishes versus the juvenile salmon, it might make sense that the fully marine, adult, planktivorous pelagics may be more adapted to capturing the most abundant food item in the seascape whereas juvenile salmon are new to the environment and possibly more adapted just to survive through this transition as they will eventually grow much larger than the pelagic fishes and be able to consume larger prey with a different foraging tactic.So the perceived seascape of salmon might look completely different than that for the pelagic fishes because of the discrepancies in their innate foraging abilities.
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And the fact that the juvenile sockeye salmon in the skeena estuary are primarily eating harpacticoid copepods is cool because this is the first time, to my knowledge, that sockeye salmon have been observed primarily consuming Harpacticoid copepods, which are known to be the primary prey of pink and chum across multiple estuaries and have even been observed as the primary prey for coho in the Campbell River estuary. 



Sharpe et al. Submitted 
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And this makes me wonder how important these slow, crunchy copepods are for juvenile salmon seascapes. And most importantly, if they are such a valuable or easily caught prey item, what types of habitats support Harpacticoid copepod production?Now this is a picture of flora bank, a massive eelgrass bed in thousand year old glacial sediments found in the Skeena estuary, where we have heavily sampled for fish for multiple years now. And every year we’ve found that there are by far the most sockeye and coho hanging out in this area relative to others. This is one of the figures from a peers paper, and this large circle that represents the highest average CPUE in 2015, is this spot over flora bank.



Eelgrass Not 
Eelgrass 

Eelgrass habitat as near-shore foraging grounds for  
juvenile Pacific salmon - Kennedy et al. Msc. Thesis 2017       
Sibert 1979 &  Healey 1979 
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And I’m pointing this out becuase this bank may be the answer to my question. Firstly, because I personally found a little support in my own data to suggest that Harpacticoid copepods were more abundant over eelgrass compared to rocky shores and open water. Despite this not being a specific aim of my sampling design because I did vertical plankton tows and Harpacticoids are phytal and epibenthic, thus I only caught ones that were going for a swim.But second because research in the Nainamo estuary originally by DFO and subsequently the University of Victoria specifically sampled the estuary for Harpacticoid copepods because they knew that they were the chum’s primary prey item. And if I just blot out some info to make this easier to follow. They found that Harpacticoid production was much higher in eelgrass than mud flats! Suggesting that eelgrass was the population source of Harpacticoids.
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And there have been many questions around the value of flora bank, and differing opinions of what may happen to it if say a pipline was built overtop of it? One that, despite terminating over deeper water, it would need to be installed, and the terminus would need to be continually dredged, and the pillars may disrupt current flow enough to wipe out the whole bank; all things that were considered reasonable at one point or another because we didn’t know its exact value to these millions of fish that stop and use it every year.And I would argue that we now know enough about where these salmon are, what they eat, and we are building evidence of where those prey are coming from, a precautionary approach is warranted when we consider that this bank might be feeding juvenile fish that number in the hundreds of millions, salmon which people rely on for food, income, and parts of their very culture and identity.
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But let’s take one step back, and think about how all of these species similarities and differences, who they are eating, and how we might impact them.Both herring and smelt cleaned up on Calanoid copepods, which are found at higher abundances in saltier water and their populations are probably highly subsidized by less estuarine populations, thus may not be as impacted by development but may be impacted if the zone of freshwater influence moves further in or out with climate change. Smelt, and coho to some extent ate Hyperiid amphipods, who are also exclusively marine, and may be more productive if there are say more jellyfish for them to parasitize, something else that is connected to climate change. Whereas Herring, and to some extent sockeye, eat barnacle cyprids, whose abundance should be related to the amount of shoreline where adult barnacles live and could be impacted by shoreline development. Larval fishes that coho eat would be impacted by destruction of nursery habitats such as eelgrass and marcoalgae, and the availability of insects could be impacted by reductions in riparian vegetation where insects are likely dropping off from and into the water. We’ve talked about harpacticoids enough and their relationship with eelgrass. Pteropods were eating by everyone and so there is potential for competition over this species, as well as decapod zoea, whose populations could also be affected by crab fishing or destruction of crab habitat.



Eelgrass (specifically Flora Bank) can be incredibly important 
 
Stomachs tell interesting and informative tales 
 
Small pelagic fishes and juvenile salmon integrate with Estuary 
seascapes in a variety of overlapping yet distinct ways 
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So if there is anything you get out of this talk today. Its that eelgrass, specifically flora bank, is important to baby salmon. That you can tell a lot about an animal about what it eats. And that pelagic and salmonid fishes integrate with estuary food webs in a mess of overlapping yet distinct ways.
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Thank you
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