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The sea lamprey (Petromyzon marinus) is an invasive species in the Great Lakes system and it is deemed a major 
cause of the collapse of the lake trout (Salvelinus namaycush) in this system. This species is characterized as 
aggressively, predaceous, externally attaching and feeding on blood and fluids of several fish species. 
Consequently, the physical presence of sea lamprey on its host may affect kinematics of locomotion of the fish. 
The objective of this study was to determine how the presence of attached sea lamprey on the body of a lake trout 
affects profile drag. A biologically accurate trout body was rendered using CAD (3D Studio Max 8) software based 
upon morphological measurements from preserved specimens at the Canadian Museum of Nature. A lamprey 
model was created using 3D laser scanning (NextEngine HD, 400 dpi scan resolution) of a cast model of an adult 
lamprey obtained from the GLFCBoth digital models were printed in components in ABS plastic using a 3D printer 
(MakerBot Replicator 2X). The trout model (50 cm total length) was instrumented with a custom made load cell 
oriented to optimally measure axial (rostral-caudal) drag force through the center of mass. Drag force 
measurements, collected in a water channel (Carleton University, CA) at various velocities (0.025- 0.35 m/s) 
resulted in a sharper increase of profile drag force and a higher drag coefficient as velocity increased with a lamprey 
attached ventrally vs. the trout model alone. The information gathered with this study is intended to contribute to 
the knowledge and understanding of the biomechanics of lake trout during host-parasite interaction. 
 

1 INTRODUCTION  

Parasitic sea lamprey are predators of several fish species in the Great Lakes (GL) of North America. Lake trout 
(Salvelinus namaycush) in particular have proven to be regular hosts of choice for sea lamprey. High levels of 
mortality of lake trout in the GL (up to 60% [1, 2]) have been associated to this parasite-host interaction. Typically, 
lamprey remain attached for 2 to 10 days feeding on blood and body tissue, which often leads to the death of the 
parasitized trout as result of blood loss, organ damage or due infection after the lamprey detaches. This host-
parasite-interaction may also increase the daily energetic costs of trout locomotion by increasing the profile drag 
force experienced by the fish and may indirectly contribute to fish mortality.  
Thrust force is generated through body, fin and tail movements and must be greater than the total drag forces acting 
on the fish to result in forward displacement. Both the size and shape of the fish influence the drag force it 
experiences as well as the undulatory movements of the fish as it is generating thrust and maintaining stability. As 
the fish moves forward it must physically displace the fluid around its body, a larger size of fish results in a greater 
pressure at its anterior end relative to the caudal end. Furthermore, transitions of the flow from laminar to turbulent, 
potentially caused by the presence of an attached lamprey, should increase the drag forces acting on the body. 
Therefore, the presence of an attached lamprey on a trout body is likely to affect the biomechanical forces 
experienced by a fish body in a flow. This can occur from the lamprey directly interfering with fluid flow over the 
body, as result of the lamprey changing the center of mass of the trout or by directly interfering with muscle activity 
(through tissue damage). If the drag forces encountered by the fish increase a greater expenditure of energy, in the 
form of muscle activity, must be produced by the fish to compensate. Consequently higher levels of oxygen and 
food intake are required for a fish to swim. Drag coefficients calculated from drag forces can be used to predict 



the oxygen requirements and food intake requirements for individual species of fish. Accurate drag co-efficient 
data might contribute to the improvement of bioenergetics models [3] that aim to balance energy input with energy 
output of the aquatic systems. Bioenergetic models are important tools that aid in the management of lake trout 
populations in the Great Lakes, thus a greater understanding of locomotory impairment by lamprey parasitism is 
required for better management and increased sustainability of the lake trout population. 

The main objective of this work is to study the effects of sea lamprey attachment on the profile drag of trout 
and understand the specifics of these interactions. We hypothesized that: 1) the attachment of the lamprey to the 
trout model increases the profile drag (with the square of velocity) with forward swimming speed, and 2) the drag 
forces will be substantially higher in the conditions were the lamprey is attached when comparing with the 
measurements from the trout model alone. 

 

2 MATERIAL AND METHODS  

2.1 Construction of Lake trout and Sea lamprey models            

A biologically accurate, appropriately scaled physical model of a lake trout was constructed by collecting 
morphological measurements from preserved lean lake trout specimens at the Canadian Museum of Nature 
(Research labs and collections facility – located in Gatineau Quebec). Specimens, preserved in alcohol were 
photographed (Nikon D60 on copy stand with suitable lighting and scale reference) and morphological 
measurements were performed with care taken to avoid perspective distortion. The morphological data were 
combined with measurements from the literature [4]. From the measurements and photographs, a 3D model of a 
lake trout was digitally created using 3D Studio Max software (Figure 1A, B). The models were printed in ABS 
plastic using a 3D printer (rapid-prototyper) (Figure C) at Carleton University Department of Biology (Figure 1D, 
1E). A Load cell (780 g maximum load capability) was installed in the center of mass of the trout model and were 
oriented to produce a maximum deflection parallel to the fluid flow (Figure 1F). 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
Figure 1. 3D scanning CAD editing (A-B) and 3D printing (C) techniques used to create 3D lake trout and sea 
lamprey models (D, E). Detail of trout mounted to a solid sting via the load cell installed at the center of mass (F).  

 

2.2 Experiments                    

The models were calibrated under water prior to the experiments. Experiments were conducted at the Rolling Hills 
Research Corporation Flow Visualization Water Tunnel of the Department of Mechanical and Aerospace 
Engineering at Carleton University, Ottawa. The tunnel is a closed circuit facility suitable for studying a wide 
range of aerodynamic and fluid dynamic phenomena that has a test section measuring 0.6 m wide X 0.9 m deep 
with a length of 1.8 m (Figure 2A). The flow is laminar in the test section from velocities of 0.05 to 0.35 m.s-1. 
These velocities are within of the documenting critical swimming speeds for lake trout [5]. 

The trout model was placed in the center of the tunnel using a rigid aluminum bar within the test section of 
the water tunnel to minimize edge effects from the flume walls. The model was tested up-side-down because the 
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sting with the load cell was located ventrally on the model (Figure 2B). The trout model alone and with the lamprey 
attached were tested for biologically relevant flow velocities (simulated swimming velocities) varying from 0.1 to 
0.35 m.s-1 and the drag forces were measured. Each condition was repeated (x4 trout alone, x3 with 50 cm lamprey) 
and the drag forces considered were the averaged. The lamprey was attached (hot glued) left and ventral to the 
lateral line and anterior of the anal fin (Figure 2B).  

 

 
 
Figure 2. A) Rolling Hills Research Corporation Flow Visualization Water Tunnel. B) The 50 cm trout model 
with a 50 cm lamprey attached. 

 

3 RESULTS   

The load cell and DC amplifier produced a linear response to loading. Results showed that drag forces increased 
with water velocity (Figure 3A). Drag force were also higher and more variable with a 50 cm lamprey attached to 
the trout (Figure 3A).  Furthermore, it was found that 50 cm trout swimming at 0.20 m.s-1 with a 50 cm lamprey 
attached experiences the same drag force as a trout without a lamprey attached swimming at 0.30 m.s-1 (red circles 
-  Figure 3A). Figure 3B shows that drag coefficients were substantially larger at slow swim speeds. 
 

 
Figure 3. Variation of drag forces (A) and respective drag coefficients (B) as a function of water velocity (means 
with standard deviation error bars). Values are averages of 4 runs (control – no lamprey attached – closed circles) 
and 3 runs (lamprey attached - open circles) in the water channel.   
 

4 CONCLUSIONS   

Results enable us to conclude that the negative consequences of lamprey attachment, in terms of increased drag 
are especially pronounced at the higher swim speeds. A good example of this situation is the fact that trout tested 
at 0.20 m.s-1 with a lamprey attached experiences the same drag force as a trout without a lamprey attached 
swimming at 30 cm/s. Furthermore, drag coefficients were found to be higher at low water velocities. This might 
occur because at such lower Reynolds numbers, the contribution of skin friction to profile drag is greater. The 
results lead us to assume that the physiological requirements (energy, oxygen levels) and food intake of a trout 
carrying a lamprey are higher than a trout swimming without any parasite. This might have important implications 
in terms of fish swimming capacity/performance as well as in terms of the specimens survival and lake trout 
population sustainability. Moreover, the outcomes of this work evidence the importance of developing 
biomechanical studies that together with physiological studies may provide useful information to improve 
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bioenergetic models and therefore help management increase sustainability of lake trout population. This work is 
ongoing to determine the effects of lamprey attachment (different sizes and different locations of attachment on 
the body of the  trout) on the drag forces  acting in the trout. The development of this work aims to better understand 
the energy expenditure resulting from this host-parasite interaction. 
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