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INTRODUCTION

There have been 79  known invasive species in Lake 

Michigan that established reproductive populations. Of 

these species, perhaps the most infamous and 

detrimental invasion was that of the zebra and quagga 

mussels (Dreissena polymorpha and Dreissena

bugensis). Being a voracious filter feeder, quagga 

mussels have decimated plankton populations, increased 

transparency, and altered the bottom structure 

throughout Lake Michigan, including the Prins Willem V 

shipwreck. This ship was a Norwegian cargo ship that 

sunk to a depth of 21 m (69 feet) in 1953. By analyzing 

Dreissenid communities from different locations of the 

ship, trends may be established pertaining to their growth 

patterns and remineralized nutrient excretion rates. 

Relationships between size frequency distribution and 

morphometric components such as shell length and wet 

weight help to determine how their location affects their 

growth.
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METHODS

Over the course of two years (2018-2019), we analyzed population parameters of the invasive Dreissena rostriformis bugensis

(quagga mussel) on different surfaces of the Prins Willem V shipwreck in Lake Michigan. By collecting samples with a remotely 

operated vehicle from specific areas of the sunken vessel, we were able to analyze growth patterns of mussels based on the 

surface that they grow upon. Samples were collected from a wood deck, metal hatch, suspended wire, steel hull, and a railing.

Each sample of mussels was measured to form morphometric profiles and identify community structure. These measurements 

indicate that quagga mussel size distribution was highly dependent on their location and surface structure of growth. 

Morphometric characteristics of individual quagga mussels were similar and showed little variance among all surface types. In

locations with high levels of particles due to constant current flow, we discovered that there was a large proportion of quagga 

mussels that are smaller than 4 mm; indicating recruitment of new generations. Furthermore, increases in ammonium and 

phosphate in particle free water were analyzed via colorimetric spectrophotometry in order to determine excretion rates of quagga 
mussels. They were incubated at 8°C and at 25°C. The levels of ammonium increased exponentially as the size of mussels 

increased. In addition, the metabolism of quagga mussels was directly correlated to the temperature of the water; excretion rates 
in 25°C water were nearly double that of the 8°C water.   

Launching an 

underwater Remotely 

Operated Vehicle 

(ROV) for the 
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mussels 
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Quagga mussels collected 

from the wood deck of the 

Prins Willem V shipwreck. 

-All the mussels collected 

from each section were 

counted and measured for 

length using digital calipers 

with the precision of 0.01mm. 

A subset was additionally 

measured for width, 

thickness, and blotted wet 

weight (insets in Figs 1& 2).

-They were then divided into 

groups of small (9-11mm), 

medium (14-18mm), large 

(20-24mm), and extra large 

(>26mm). 

- These groups were used for 

temperature-controlled 

excretion experiments for 

tracking the hourly rate of 

NH4
+ and SRP excretion. 

Analysis of NH4
+ and SRP 

was done by colorimetric 

visible light 

spectrophotometry. 

Quagga mussels 

collected from a 

deep offshore 

station
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Results 

Table 1&2: Determine what size of mussel is 

favored per each substrate from the median 

and mean of each sample. From the power 

of the curve presented on the wet weight vs. 

shell length graphs, it is shown that these 

morphological components lead to volumetric 

trends among all mussels from each station. 

Discussion

Predictable relationships can be established among morphometric 

features of quagga mussels, growth habitat, and excretion rates of 

ammonium and soluble reactive phosphorus. 

Growth of quagga mussels is strongly dependent on substrate 

type (surface). The size frequency distribution of mussels varied greatly 

among different habitats on the vessel, which is hypothesized to be due 

to nutrient availability, i.e., access to phytoplankton food sources. 

For analysis of NH4
+ and SRP, first the excretion rate of each 

sample was determined as amount of analyte excreted per mussel per 

hour. Using the size-dependent excretion and the population size-

frequency distribution together, a sample community rate was calculated, 

and normalized for comparative purposes to 10,000 mussels. With this 

data, trends were established that relate to the growth habitat. In 2018 

the suspended wire had the highest excretion rate at 227 µmol/hr, and it 

was the location that had the greatest access to water column plankton. 

Both uniform animal distribution along the wire and even distribution of 

size classes indicated a conductive growth environment. A single 

average 15mm (15.26 nmol/hr) or 20mm (38.89 nmol/hr) quagga mussel 

exhibited higher excretion rates than any other single mussel of the 

same size from a different growth location.

In 2019 samples were taken from the wood deck of the ship and 

the metal hatch which is also located on the deck. The current in Lake 

Michigan goes towards the deck of the ship and is a source of nutrients 

for the mussels. Excretion rates are similar from the two different deck 

locations. In 2018 we can tell from the size distribution charts that there 

was a wider distribution of different sized mussels on the wood deck, 

whereas in 2019 the distribution was skewed to small size by recent 

settlement of new juveniles. The lower excretion rates in 2019 can be 

attributed to the high proportion of small mussels. Regardless of the size 

distribution, it is apparent that the size of the mussel is directly correlated 

to the rate of excretion, year to year and at all locations of the shipwreck.

After excretion experiments were completed, the mussels were 
dissected, and the bodies dried in an oven (80°C overnight), and 

ground into a fine powder using an agate mortar. From these powders, 

samples were prepared for CHN analysis to obtain the carbon and 

nitrogen contents of the mussel tissue. Carbon (ca. 48%) and nitrogen 

(ca. 11%) content of body tissue was similar to measurements from 

similar locations in 2010. Newly added excretion outcomes indicate body 

nitrogen-specific N excretion to be about 0.5% per day under the rich 

nutrient conditions of nearshore Lake Michigan. In the near future we will 

be measuring the phosphorus content of the bodies that will give us the 

full C:N:P ratio that will compare to the Redfield ratio. 
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FIG 1A-C: These histograms depict the size distribution of quagga mussels on three 

different locations of the Prins Willem V shipwreck. Collected on June 7, 2018 with an 

ROV slurp.

FIG 2A-C: Size distribution of quagga mussels collected from the Prins Willem V in July 

(deck and hatch) 2019 and August (railing) 2019. Samples were taken by an ROV slurp. 

Due to the large amount of mussels less than 2 mm, a recent spawning event was 

indicated. Overall, the size distributions year to year are very similar. The communities 

consist mainly of smaller mussels, an indication of population sustainability.

FIG 3: Shell width from all mussels was strongly and positively related to length. It 

suggests structural predictability of the shell across all aspects of growth habitat and was 

consistent year to year.
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