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Methodology

Introduction

• Microplastics (MPs) are synthetic polymers that are between 1 μm and 5 mm long which include
synthetic fibers such as polyester (Boucher and Friot 2017).
• Estimates vary but laundering studies have shown that during a typical wash cycle, hundreds of
thousands of synthetic and natural fibers are released into wastewater (Napper and Thompson 2016).
• An influx of synthetic microfibers such as polyester into the marine environment is a cause of
concern because these microplastics do not biodegrade in the ocean (Zambrano et al. 2019).
• In this study, we will investigate the effects of synthetic microfiber ingestion on the growth and
health of juvenile black sea bass and compare them with the effects of natural microfiber ingestion.
• Black sea bass inhabit coastal waters from Maine to Florida and are opportunistic feeders that
have the potential to ingest microfibers in their habitat.
• Previous microplastic feeding trials for marine fish have shown adverse effects including
morphological responses at the organ and tissue level (Peda et al. 2016, Zhu et al. 2020).
• We hypothesize that cotton and cellulosic fibers will have little to no dietary effects on fish
growth performance or health since they readily biodegrade in aquatic environments.

Objectives

To determine the impact of ingesting synthetic (polyester) and non-synthetic (cotton)
microfibers on the growth and health of juvenile black sea bass by comparing dietary
treatment effects on:
• Growth performance, survival and feed efficiency
• Intestinal and gill tissue integrity
• Whole body biochemical composition
• Apparent nutrient digestibility coefficient of diets

SEM Analysis: Pre-feeding trial

1. Produced black sea bass juveniles at the UNCW Aquaculture
Facility marine fish hatchery.
2. Created 10 diets/treatments according to a formulation used for
black sea bass at UNCW (Alam et. al 2015) and environmentally
relevant concentrations of microplastics.
3. Randomly assigned treatments to thirty tanks and distributed 15
juvenile fish from the cohort into each tank (3 replicate tanks per
diet).
4. Fed juvenile fish respective diets twice daily to satiety for ten weeks.
5. Growth parameters recorded at initial, midterm, and final sampling.
6. After ten weeks, sacrificed three fish from each tank for
biochemistry analysis and two fish from each tank for histology and
scanning electron microscope (SEM) analysis.
7. After the feeding trial, fish were fed ten chromic oxide (inert marker)based test diets for two weeks and feces were collected each morning.
8. Apparent digestibility coefficients of the nutrients (protein, lipid and
fiber) in the diets will be determined (Furukawa and Tsukahara 1966).
Table 1. Experimental diet treatments. Percentage represents g/100 g dry wt.
Microfibers incorporated into a formulation used for black sea bass at UNCW.
Concentrations of treatments reflects ranges of microplastic abundance in the marine
environment. All diets were analyzed and contain similar amounts of macronutrients.
D1
D2
D3
D4
D5
D6
D7
D8
D9
D10
Control
Alpha Cellulose
Cotton
Polyester
0%
0.25%
1%
5%
0.25%
1%
5%
0.25%
1%
5%

Preliminary Results: Histological Analysis of Fish Intestine after Feeding Trial

Fig.1

(A) CONTROL

(C) 5% COTTON

(B) 5% ALPHA CELLULOSE

(D) 5% POLYESTER

SEM micrograph
of juvenile black sea
bass from cohort used
in experiment.

Preliminary Results: Growth and distal intestine histology

Table 2. Wt gain (g), percent body wt gain (BWG), specific growth rate (SGR),
feed intake (FI), feed conversion ratio (FCR) and survival of fish after 10 wks of feeding trial.
Data are mean ± SEM (N = 3 per treatment). For all MF sources, growth performance parameters
showed a trend toward decreasing values with increasing MF level (GLM (Normal), P < 0.05).
BWG (%)

SGR (%/d)

FI (% BW/d)

21.77 ± 0.04

1274 ± 9.02

3.74 ± 0.01

3.02 ± 0.11

Survival
(%)
1.08 ± 0.05
100

0.25

19.85 ± 1.25

1144 ± 87.2

3.60 ± 0.10

2.93 ± 0.02

1.12 ± 0.11

100

A-Cellulose

1

19.47 ± 1.99

1127 ± 79.1

3.57 ± 0.09

3.03 ± 0.07

1.12 ± 0.05

100

D4

A-Cellulose

5

19.97 ± 1.13

1131 ± 19.4

3.59 ± 0.02

3.05 ± 0.01

1.16 ± 0.03

100

D5

Cotton

0.25

20.0 ± 0.14

1162 ± 56.3

3.62 ± 0.06

2.91 ± 0.06

1.05 ± 0.04

100

D6

Cotton

1

19.48 ± 0.93

1184 ± 20.6

3.65 ± 0.02

2.92 ± 0.05

1.06 ± 0.01

100

D7

Cotton

5

17.48 ± 0.54

1044 ± 87.0

3.47 ± 0.11

2.96 ± 0.06

1.10 ± 0.02

100

D8

Polyester

0.25

19.20 ± 1.27

1190 ± 77.2

3.65 ± 0.08

2.96 ± 0.03

1.10 ± 0.03

100

D9

Polyester

1

19.51 ± 1.09

1115 ± 89.5

3.56 ± 0.10

2.91 ± 0.07

1.08 ± 0.04

98

D10

Polyester

5

19.36 ± 1.22

1195 ± 48.8

3.65 ± 0.05

3.12 ± 0.12

1.15 ± 0.07

98

Diets

Products

Dose (%) Wt. gain (g)

D1

Control

0

D2

A-Cellulose

D3

FCR

Table 3. Histological reaction indices of distal intestine in juvenile black sea bass. The Total reaction
is a summation of the individual indices. Total histological alterations showed a highly significant
increase with increasing level of dietary MF (GLM + Poisson, P < 0.001). Dietary a-cellulose
produced more histological alterations to the distal intestine than did polyester or cotton
microfibers. Data are mean ± SEM (N = 6 per treatment).

Diet
Control
0.25% A-Cell.
1% A-Cell.
5% A-Cell.
0.25% Cotton
1% Cotton
5% Cotton
0.25% Polyester
1% Polyester
5% Polyester

Circulatory
3.5 ± 0.7
4.8 ± 0.9
5.8 ± 1.2
6.0 ± 0.5
4.2 ± 0.7
5.7 ± 0.9
4.5 ± 1.0
5.3 ± 0.6
5.7 ± 0.8
6.0 ± 0.9

Regressive
7.8 ± 2.0
11.5 ± 1.7
13.2 ± 3.1
14.3 ± 2.4
7.2 ± 1.0
13.8 ± 4.1
13.7 ± 3.1
14.2 ± 1.8
12.7 ± 3.4
12.5 ± 2.5

Progressive
4.0 ± 1.3b
10.7 ± 1.2
9.2 ± 2.1
10.8 ± 1.2
7.3 ± 1.2
8.3 ± 0.8
7.0 ± 2.4
7.8 ± 1.2
6.3 ± 1.1
9.3 ± 1.1

Inflammation
7.5 ± 1.7
12.0 ± 1.3
11.2 ± 2.4
13.5 ± 1.5
11.3 ± 1.3
11.8 ± 1.9
10.7 ± 1.8
13.0 ± 1.2
9.8 ± 1.5
12.0 ± 1.5

Total
22.8 ± 3.1
39.0 ± 4.1
39.3 ± 6.6
44.7 ± 3.7
30.0 ± 3.2
39.7 ± 6.5
35.8 ± 7.4
40.3 ± 3.5
34.5 ± 4.3
39.8 ± 3.9

A) Cross section of
distal intestine
B) A villus of the distal
intestine
C) Microvilli attached to
villus
This procedure will be
utilized to qualitatively
analyze treatment
effects on tissues.

Fig. 3 (left) % weight gain of juvenile black sea bass after 10 weeks. For all MF sources, growth
performance parameters showed a trend toward decreasing values with increasing MF level (GLM
(Normal), P < 0.05). (Right) Total histological reaction indices (see Table 3) of distal intestine in
juvenile black sea bass. Total histological alterations showed a highly significant increase with
increasing level of dietary MF, regardless of the source (GLM + Poisson, P < 0.001).

SEM micrographs of microfibers used in experiment.
A) a-cellulose, B) cotton, and C) polyester.
Scale bars on left panels represent 1 mm and on right 20 mm.

Findings
•
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Fig. 2. Cross sections of distal intestines of black sea bass sampled
at the end of the 10-wk feeding trial: (A) Control (no microfibers), (B) 5% alpha cellulose,
(C) 5% cotton, and (D) 5% polyester. Distal intestine and gills (n=60) were
assessed based on the severity of structural alterations to determine treatment effects.

•
•

Decreased growth performance at higher dietary microfiber level was attributed to reduced feed
efficiency (higher FCR) at higher dietary levels of microfibers, regardless of the source. Longer periods of
exposure are likely to manifest this effect on growth.
For all three microfiber sources, histological alterations to the distal intestine increased with increasing
level of microfiber in the diet (Fig. 3). Dietary a-cellulose produced more histological alterations to the
distal intestine than did polyester or cotton microfibers.
Whole body proximate composition, apparent digestibility coefficient of diets, histological and SEM
analysis of the gills are in progress and will be evaluated in relation to experimental diets.

